1 SPECI FI CATI ON PRODUCTI ON METHOD OF METHYL
METHACRYLATE Technical Field The present invention
relates to a nethod of producing nethyl methacryl ate.
More particularly, the present invention relates to a
nmet hod of produci ng net hyl nethacryl ate, having
"excel l ent features such as producing ability on the
scal e of 100000 tons or nore a year and econom cal .

Met hyl nmethacrylate is é?ﬁef?fﬁﬁTféﬁa raw mat eri al
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for synthetic resins and ackground Art
Japanese Patent Application Laid-Open (JP-A) No.
02-290831 describes a nethod in which a nixture of
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carbons (popul ar name: ethylene plant) (herelnafter,
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100000 tons or mere a year and economical. Methyl methacrylate

is important as a rawmaterial for synthetic resins and the like.

Background Art

Japanese Patent Application Laid-Open (JP-A) No. 02-280831
describes a method in which a mixture of propyne and propadiene
by-produced in a plant for thermally decomposing a hydrocarbon
having 2 to 10 carbons (popular name: ethylene
plant) (hereinafter, referred to as ethylene plant in some
cases), this plant being carried out for the purpose of
producing various petrochemical basic raw materials typically
including ethylene, propylene and aromatic hydrocarbons, is
taken out by extraction, and this is used as a starting raw
material and reacted with carbon monoxide and methancl in the
presence of a palladiumcatalyst to broduce methyl methacrylate.

This production method is an attractive production method



met hyl nethacrylate with high yield. According to
i nvestigation of the present inventors, however,
pl ant performance on the scale of 100000 tons or nore
a year per plant which is econonically advantageous in
comodity chenicals is usually difficult due to two
reasons described below, thus,2it is not necessarily
econonmically or industrially advantagfous productlon
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thermal decomposition is as extremely small as 23000 to 33000
tons per 1000000 tons of ethylene in the case of naphtha thermal
decomposition and 1000 tons per 1000000 tons of ethylene in the
case of ethane thermal decomposition, and even if adjacent to
an ethylene center of 1000000 tons class, only about 50000 tons
of methyl methacrylate «can be produced at maximum
(PETROCHEMICALPROCESS;L 29(TheJapanPetroleumInstituteed.,
Kodansha, published in 2001}).

(2) To collect by transporting mixtures of propyne and
propadiene from a plurality of ethylene plants, for increasing
propyne feeding amount, is not practical since propyne is a
compound containing a triple bond and having a risk of
decomposition explosion. Thus, the scale of the methyl
methacrylété production plant is limited to 50000 tons a year

per plant at maximum as described above.



DI SCLOSURE OF THE | NVENTI ON Under such circunst ances,
the present invention has an object of providing a
nmet hod of produci ng nethyl nethacrylate, having
excel l ent features such as producing ability on the
scale of 100000 tons or nore a year and econom cal .
The present inventors have intensively studied
noticing a nmethod by which the content of a mxture
of propyne and propadiene in a deconposed gas can be
regulated to 2 wt% or nore described in US Patent No.
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propyne with quality which can be subjected to methyl
methacrylate production can be takeﬁ out economically
advantageously from the above-described decomposed gas, and
that methyl methacrylate can be produced economically and
industrially advantageously if the propyne taken out is
subjected to methyl methacrylate production, leading to
completion of the present invention.

That 1is, the present invention relates to a method of
producing methyl methacrylate comprising the following steps:

Thermal decomposition step: a hydrocarbon having 3 or more
carbon atoms is thermally decompesed to obtain a decomposed gas
having a total content of propyne and propadiene of 2 wt$% or
more,

Separatiohstep:mixedliquidridhinpropyneandpropadiene

is separated from the decomposed gas obtained in the thermal



deconposition step, Propyne purification step: the
mxed liquid rich in propyne and propadi ene obtai ned
in the separation step is subjected to extraction
distillation, for separation into purified propyne,
and crude propadi ene contai ning propadi ene as the main
conponent, |sonerization step: 4 he crude propadi ene
obtained in the propyne purification step is

[ rized.i.n th resence of an isonerization
cgggﬁngﬁlFéogbﬁgﬁﬁ’crude propyne contai ning propyne

as t mai.n_ co ent,. and_Car bonyl ati on_step: the

pur 11 S BT ETe Tt aHSF RDE FEMe FRoSyheL pakfr cah forpropyne
S%SQ iéorqgcted wi th carhon gonoxide and nmethanol in

t Re- predRucte it Bt v FOfetea st 5Py stitap dsefpbiected to
t roduce t hyl thacryl ate. Brief Description of

o SR RG FED. O 15 GOhES 01 o ZipT 805 F1 8 41T 4 Her6as8darropyne,
eégéution of the present invention. Explanation of

mar

s IR e AP oSMGH e PECOPSSE& &t i 88 the main
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puriffééﬁé§¥%§%f%%fgtep: the crude propadiene obtained in the
propyne purification step is isomerized in the presence of an
isomerization catalyst, to obtain crude propyne containing
propyne as the main component, and

Carbonylation step: the purified propyne obtained in the
propyne purification step is reacted with carbon monoxide and

methanol in the presence of a group VIII metal catalyst system,

to produce methyl methacrylate.

Brief Description of Drawing

Fig. 1 shows an example of flow in the case of execution
of the present invention.

Explanation of marks

A: thermal decomposition step

B: separation step

C: propyne purification step

D: isomerization step

E: carbonylation step

F: methyl methacrylate purification step




Modes for Carrying Qut the Invention The present

i nvention includes the follow ng thernal

deconposition step, separation step, propyne

purification step, isonerization step and

carbonyl ation step. The thermal deconposition step is

a step in which a hydrocarbonshaving 3 or nore carbon

atons is used as a raw material gas and thermally

deconposed, to obtain a deconposed gas having a total

content of propyne and propadiene of 2 wt% or nore.

For .exanpl e, by thermally deconposing a hydrocarbon

hQQgﬁﬁ ggroFaﬁ%VénaapHEn¥§?o§§V§8669ﬁ ng to a nethod
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to 2-fold by weight with respect to the total anount

off the*Taw materi al gas and the recovery gas. The 6

For example, by thermally decomposing a hydrocarbon having
3 or more carbon atoms according to a method described in US
Patent No. 6333443, a decomposed gas having a total content of
propyne and propadiene of 2 wt% Or more can be obtained. The
feeding gas is composed essentially of a raw material gas, a
recovery gas and steam. The raw material gas is a hydrocarbon
having 3 or more carbon atoms, preferably a hydrocarbon having
3 or 4 carbon atoms, and examples thereof include single gases
selected from propane, propylene, butane, l-butene, 2-butene,
iscbutane, isobutene and butadiene, or mixed gases composed éf
two or more of them. The recovery gas is a gas separated from
the separation step or propyne purification step. The amount
of steam is.usually in the range of 0.1 to 5-fold by weight,
preferably 0.5 to 2-fold by weight with respect to the total

amount of the raw material gas and the recovery gas. The



reacti on apparatus is a tubul ar deconposition furnace,

and constituted of a raw material pre-heating part,

m xed raw naterial over-heating part and radiation

part. The raw material gas and the recovery gas are

fed to a pre-heating part and pre-heated. Steamis

added to a gas to be discharged from the pre-heating

part, and fed to the m xed raw naterial over-heating

part.,K The tenperature in the tube of the radiation
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The separation step is a step of separating mixed liguid
rich in propyne and propadiene from the decomposed gas obtained
in the thermal decomposition step.

Specific examples of this step include embodiments shared
with a part, for example, a separation step of a plant (popular
name: ethylene plant) for producing hydrogen, methane, ethane,
ethylene, propane, propylene, butenes and aromatic hydrocarbon
by thermally decocmposing a hydrocarbon having 2 to 10 carbon
atoms. Here, the hydrocarbon having 2 to 10 carbon atoms
include at least one selected from naphtha, butane, propane and
ethane.

As further specific and preferable embodiments of the
separation step, those including the following steps are

exemplified.



7 First distillation step: the deconposed gas
obtained in the thermal deconposition step is cool ed,
then, fed to a first distillation colum, and
separated into a fraction 1 conposed of a hydrocarbon
having 4 or nore carbon atons taken out from the
colum bottom and a fraction 27mainly conposed of
hydrogen and a hydrocarbon having 1 to 3 carbon atomns
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fraction 4 mainly composed of hydrogen and a hydrocarbon having

1 to 2 carbon atoms taken out from the column top,

Third distillation step: the fraction 3 obtained in the
second distillation step is fed to a third distillation column,
and separated into a fraction 5 mainly composed of propyne and
propadiene taken out from the column bottom and a fraction 6
mainly composed of propylene taken out from the column top.

The decomposed gas derived from the thermal decomposition
step is usually composed mainly of hydrogen, methane, ethane,
ethylene, acetylene, propane, propylene, propyne, propadiene,
butane, butenes or aromatic hydrocarbon. In this case, since
hydrogen, ethylene, acetylene, propylene, butenes and aromatic
hydrocarben in the decomposed gas are common to products of an

ethylene plant for thermally decomposing a hydrocarbon having



et hyl ene plant for thermally deconposi ng a hydrocarbon
having 8 2 to 10 carbon atons, perfornmed for the

pur pose of producing various petrochem cal basic raw
materials, the separation step can also be shared
with a separation step of the ethylene plant. O
course, it nmay also be pernissBble that the separation
step is used solely in a nethyl nethacrylate pl ant,
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AYeHrdingly, when the separation step is used solely in a methyl

methacrylate plant, the producticn amount of ethylene and the
like per plant is smaller as compared with an ethylene plant,
thus, burden of equipment cost per product in the separation
step is larger, leading to economical disadvantage. Therefore,
it is more preferable that the separation step is shared with
an ethylene plant, and co-products such as ethylene and the like
are subjected to an ethylene plant, and only a fraction having
a high content of a mixture of propyne and propadiene obtained
during the separation step is subjected to amethyl methacrylate
plant. For example, the decomposed gas 1s mixed with a
decomposed gas discharged from a decomposition furnace of an
ethylene plant, and quenched, then, fed to a first distillation

column of the separation step.



et hyl ene plant, and quenched, then, fed to a first
distillation colum of the separation step. 9 The
fraction 1 taken out fromthe colum bottomof a first
distillation colum usually includes butane, butene,
aromati ¢ hydrocarbons and water, and these conponents
are subjected to an ethylene Blant to give a product
of the ethylene plant. The fraction 2 taken out from
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fraction 4 composed mainly of hydrogen, methane, ethane,
ethylene and acetylene. The fraction 4 is subjected to an
ethylene plant like the fraction 1, and used as an active
ingredient of the ethylene plant. 1In contrast, the fraction
3 is subjected to a third distillation column, and separated

~into a fraction 5 composed mainly of propylene and a fraction
6 composed mainly of propane, propyne and propadiene. Also the
fracticn 5 is subjected tc an ethylene plant as an active
ingredient of the ethylene plant like the fraction 1 and the
fraction 4. The fraction 6 is subjected to a propyne
purification step. The fraction 6 may be separated further
precisely into a fractiocn composed mainly of propane and a

fraction rich in propyne and propadiene before only the fraction

rich in propyne and propadiene is subjected to a propyne



precisely into a fraction conposed mainly of propane
and a fraction rich in propyne and propadi ene before
only the fraction rich in propyne and propadi ene is
subjected to a propyne 10 purification step. In this
case, the fraction conposed mainly of propane is
recycled to a thermal deconposlition step. The propyne
purification step is a step of subjecting the m xed
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precisely separating the fraction 6 can be subjected to
extractive distillation, to separate purified propyne
utilizing a difference in the solubility in the extraction
solvent. This mixed liquid to be subjected to extractive
distillation may contain propylene. The extraction solvent in
the propyne purification step is not particularly restricted
providing it manifests a difference in the solubility for
propyne, propadiene, propane and propylene.
N,N-dimethylformamide is preferable from the standpoints of
propyne separation ability, economy, chemical stability and
industrial easy availability. When N,N-dimethylformamide is
used as the extraction solvent, the soclubility is highest for
propyne, next for propadiene, third for propylene, and lowest
for propane, in this order. For example, when

N,N-dimethylformamide is used as the extraction solvent,



used as the extraction solvent, the solubility is

hi ghest for propyne, next for propadiene, third for
propyl ene, and | owest for propane, in this order. For
exanpl e, when N, N-di nethylformam de is used as the
extraction solvent, 11 purified propyne having

qual ity sufficiently satisfactbty for subjecting to
nmet hyl net hacryl ate producti on can be obtained via an
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propadiene prepared by further precisely separating the
fraction 6, and N,N-dimethylformamide are subjected to an
extractive distillation column, and a mixture composed mainly
of propyne, preopadiene and N,N-dimethylformamide is obtained
from the column bottom and a mixture composed mainly of propane
is obtained from the column top.

The propadiene diffusion step is a step in which the mixture
composed mainly of propyne, propadiene and
N,N-dimethylformamide obtained in the extraction step is
subjected to a diffusion column, heat is applied, and crude
propadiene compeosed mainly of propadiene having low solubility
is diffused, and liquid composed mainly of propyne and

N,N-dimethylformamide is obtained at the column bottom.

The propyne distillation step is a step in which liguid

composed mainly propyne and N, N-dimethylformamide, cbtained at




pr opadi ene conposed nmainly of propadi ene having | ow
solubility is diffused, and |iquid conposed mainly of
propyne and N, N-di met hyl formam de i s obtained at the
colum bottom The propyne distillation step is a step
in which liquid conposed nmainly propyne and

N, N-di met hyl f or rami de, obtai néd at 12 the col um
bottom of the diffusion colum, are subjected to a
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before recycling to an extractiocn step.

The isomerization step is a step in which the crude
propadiene obtained in the propyne purification step is
isomerized in the presence of an isomerization catalyst, to
obtain crude propyne composed mainly of propyne.

The crude propadiene can be isomerized to thermodynamically
stable propyne according to a method described, for example,
in JP-A No. 02-290831. The ratio of propyne and propadiene in
the feeding liquid is not particularly restricted, and usually,
the ratio of propyne/propadiene is 2 or less. The ratio of
propyne/propadiene in the isomerized reaction product
generated from the reaction vessel depends on the reaction
temperature and residence time in the reaction vessel, and is

usually 3 or more, preferably 5 or more. The reaction mode is

not particularly restricted and includes a liquid phase



the ratio of propyne/propadiene is 2 or |less. The

rati o of propyne/ propadiene in the isonerized

reacti on product generated fromthe reaction vesse

depends on the reaction tenperature and residence

time in the reaction vessel, and is wusually 3 or

nore, preferably 5 or nore. Thg3reaction node is not
particularly restricted and includes a liquid phase 13
suspensi on _bed, 1.i.quid phase fjxed bed, gas phase_.
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nonoxi,de and t hanol in the presence of a group. VIII
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By reacting th urified,prop%ne obtained in the
p¥8ﬁyﬁ8duﬁgFﬁﬁ'cgﬁﬁgna§?é&aﬁltﬁt§arbon nonoxi de and

met hgnol in the resence of a group VIl netal o
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The group VI tal catalyst systemis preferably a
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sta ﬁpoin£ of reaction selectivity., Though the use
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nyk%&o&etal catalyst system, to produce methyl methacrylate.

By reacting the purified propyne obtained in the propyne
purification step with carbon monoxide and methanocl in the
presence of a group VIII metal catalyst system, methyl
methacrylate can be produced. The group VIII metal catalyst
system is preferably a catalyst containing palladium element
from the standpoint of reaction selectivity. Though the use
amount is not particularly restricted, it is\usuallyrl mol% or
less, preferably 0.1 mol% or less, more preferably 0.01 mol%
orlesswithrespecttx:propyne,frmntheeconomicalstandpoint.
In contrast, it is, from the standpoint of reactivity, usually
0.00001 mol% or more, preferably 0.0001 mol% or more. A
compound containing a phosphorus atom, nitrogen atom, oxygen
atom, sulfur atom and the like can be allowed to co-exist as

aligandjjlthereactionliquid,tocontrolreactionselectivity



| ess, preferably 0.1 nold or less, nore preferably
0.01 nol % or less with respect to propyne, fromthe
econoni cal standpoint. |In contrast, it is, fromthe
standpoi nt of reactivity, usually 0.00001 nol % or
nore, preferably 0.0001 nol % or nore. A conpound
contai ni ng a phosphorus atom hdtrogen atom oxygen
atom sul fur aton1and the i ke can be allowed to
actiaon i
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Carbon monoxide can be produced, for example, by a hydrocarbon
steam reforming method or partial combustion method, and its
production method is not particularly restricted. Carbon
dioxide and hydrogen are preferably removed by a pre-treatment
since when they are mixed in carbon mocnoxide, a side reaction
occurs in combination. Though the reaction mode is not
particularly restricted, it ié usually a liquid phase
homogeneous reaction system. The reaction temperature is
preferably 100°C or lower from the standpoint of suppressicn
of polymerization of methyl methacrylate to be produced.
The production method of the present invention preferably

contains a methyl methacrylate purification step described

below from the standpoints of the quality of methyl methacrylate



occurs in conbination. Though the reaction node is not
particularly restricted, it is usually a liquid phase
honobgeneous reacti on system The reaction tenperature
is preferably 100C or |ower fromthe standpoint of
suppression of polynerization of nethyl nethacrylate
to be produced. The productionlfet hod of the present
invention preferably contains a nethyl nethacrylate
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catalyst system. Of them, methyl crotonate is a by-product,
and it is necessary that the produced component is remocved out
of the system. It is preferable that methanol, propyne, carbon
monoxide and group VIII metal catalyst system are recycled.
Though the separation method is not particularly restricted,
separation 1is usually advantégeously carried out by
distillation utilizing a difference in boiling point or
extractive distillation utilizing a difference in solubility
in the extraction solvent. For example, first, carbon monoxide
as a gas component, and partial propyne not dissclved in the
solvent are diffused in a gas diffusion coclumn. Propyne
dissolved in the 1liquid can be diffused partially by
accompanying an inert gas fed therein. The accompanying gas

includes nitrogen, argon, carbon dioxide, carbon monoxide,

methane and the 1like, and it is preferable to use carbon monoxide



distillation utilizing a difference in boiling point
or extractive distillation utilizing a difference in
solubility in the extraction solvent. For exanple,
first, carbon nonoxide as a gas conponent, and
partial propyne not dissolved in the solvent are
diffused in a gas diffusion colgam. Propyne dissolved
in the liquid can be diffused partially by
acconpanying an inert gas fed therein. The .
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than that of methyl methacrylate include, for example, propyne
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and methanol. Thereafter, methyl methacrylate is distilled,
and mixed liguid composed mainly of methyl crotonate and group
VITI metal catalyst system remains at the column bottom. The
mixed liquid composed mainly of methyl crotonate and group VIII
metal catalyst system may be discarded, and usually, the group
VIII metal is preferably recycled because of high cost. Though
the recycling method is not particularly restricted, it is
usually a method in which only the metal of an. amount
corresponding to methyl crotonate Igenerated in the
carbonylation step is removed out of the system from the mixed
liquid composed mainly of methyl crotonate and group VIII metal
catalyst system, and remaining portion of the metal is recycled

to the carbonylation step. The temperature of the methyl



m xed |iquid conposed mainly of nethyl crotonate and
group VI1l1 netal catalyst system nay be discarded,
and usually, the group VIII netal is preferably
recycl ed because of high cost. Though the recycling
method is not particularly restricted, it is wusually
a nmethod in which only the netlal of an anount
corresponding to methyl crotonate generated in the
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The present invention will be illustrated in detail by

exanpl es bel ow, but the present invention is not

ldJgw o them Exanple 1 In the case of production
(5XRQ§§?# nmet hacrylate via purified propyne to be
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Example 1

In the case of production of methyl methacrylate via
purified propyne to be produced under the following conditions,
it can be carried out optimally, for example, according to flow
in Fig. 1 and material balance in Tables 1 and 2.

Numbers in the figure correspond to fluid numbers in the
tables.

Condition {1): In the thermal decompoéition step, propane
is used as a raw material, and a decomposed gas having a
composition of propyne and propadiene of 2 wt% or more is
produced according to US Patent No. 6333443.

Condition (2): The separation step is shared with a
separation step of an ethylene plant. Thus, descriptions of
hydrocarbon components (fractions) except having 3 carbon atoms

are omitted.



Nunmbers in the figure correspond to fluid nunbers in
the tables. Condition (1) In the thernal

- deconposition step, propane is used as a raw
material, and a deconposed gas having a conposition
of propyne and propadiene of 2 wt% or nore is

produced according to US Patemt8No. 6333443. Condition
(2): The separation step is shared with a separation
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3 or less carbon atoms taken out from the column top in a first
distillation column. The resultant fraction 2 having 3 or less
carbon atoms is separated into a fraction 3 having 3 carbon atoms
taken out from the column bottom and a fraction 4 having 2 or
less carbon atoms taken out from the column top in a second
distillation column. The fraction 3 is composed of propylene,
propane, propyne and propadiene. Subsegquently, the fraction
3 is separated into a fraction 5 composed of propylene at the
column top and a fraction 6 (fluid number 4) composed of propane,
propyne, propadiene and propylene at the column bottom, in a
third distillation column. In this process, the flow rate of
the fraction 6 (fluid number 4) is 17.83 T/h. Thus cbtained
fraction 6 (fluid number 4) is purified by carrying out
extractive distillation using N,N-dimethylformamide as an

extraction solvent in a propyne purification step (C), and



| ess carbon atons taken out fromthe colum top in a
second distillation colum. The fraction 3 is
conposed of propyl ene, propane, propyne and

propadi ene. Subsequently, the fraction 3 is separated
into a fraction 5 conposed of propylene at the colum
top and a fraction 6 (fluid ndifber 4) conposed of
propane, propyne, propadi ene and propylene at the
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discharged from a methyl methacrylate purification step
combining 5.82 T/h of carbon monoxide (fluid number 11) fed to
the methyl methacrylate purification step, and reacted in the
presence of a palladium catalyst, to obtain 27.8 T/h of a
reaction mixture (fluid number 10) containing 20.2 T/h of methyl
methacrylate. The resultant reaction mixture (fluid number
10) and 5.82 T/h of carbon monoxide {(fluid number 11) were
subjected to a methyl methacrylate purification step (F), and
separated into 14.46 T/h of recycled fraction (fluid number 12)
composed mainly of carbon monoxide, propyne and methanol, 1é .75
T/h of purified methyl methacrylate (fluid number 13) and 1.36

T/h of high boiling point fraction (fluid number 14), by gas

diffusion and distillation operation.



the nmethyl nethacrylate purification step
in the presence of a palladiumcatalyst,
27.8 T/h of a reaction mxture (fluid nunber 10)
contai ni ng 20. 2T/ h of net hyl
resultant reaction mxture (fluid nunber
T/ h of carbon nonoxi de (fl uid2dunber

subj ected to a nethyl

nmet hacryl at e.

( an separated into 14.46 T/ h of recy
TR

and reacted
to obtain

The

10) and 5. 82
11) were

cl ed

net hacryl ate purification step

(fluid nunber 12) conposed mainly of carbon
. . honoxli de, propyné.and nef hano 18. 145, T/ h| pf pur]i 4“ed
Fluid nethacryla%e (fI|i d nubBer 13)* and 1836 1/ 7
hi gh b0|||ng poi fract 0 h d n er
Tempe?ﬁqqﬁ%lbﬁ and di $ Ilzn'i%wopa g i of. Té Ie 1 28
_ I d nunber 7 . Tenperatjure ;
weightsgt s %az%Tk'}@x %ﬁ T 4 8] PBrroad nfrh1Hs! ”1713307 17.37
Weightl/- 83 1737 VeI ght perdentage[ (W%
(Wt%) Met hane 10 5 %Ndrogen 1.8 Ethane 19.1 Erhyleng 1.3
Propate—106- 5411955370371 Propytene4—2
Metharle 7 3.0 15.5 15 5 Progyne 5.119551 1.2 24{0 43. 2
Hydrogen 1.8
Ethane 19.1
Ethylene 1.3
Propane 100.0 0.7 54.1 {95.5 |37.0 |37.0
Propylene 4.2 1.7 3.0 15.5 |15.5
Propyne 5.1 25.1 |1.2 24.0 {43.2
Propadiene 3.86 |19.1 (0.4 23.4 4.2
N, N-dimethylformamide
Methanol
Carbon monoxide
Methyl methacrylate
Water 100.0|50.0
Inert gas ({(nitrocgen
etc.)
Cthers 3.5
Tctal 100.0(100.0{100.0|100.0|100.0|100.0|100.0




Propadiene 3.86 19.1 0.4 23.4 4.2

N, N- di net hyl f or mam de Met hanol Carbon nonoxi de

Met hyl nethacrylate Water 100.0 50.0 Inert gas

(nitrogen etc.) Ohers 3.5 Total 100.0 100.0 100.0

100.0 100.0 100.0 100.0 21 Table 2 Fluid nunber 8 9

10 11 12 13 14 Tenperature(CZ1l 24 25 40 49 -33 69 86

to 51 Weight flowrate(T/h) 7.69 6.08 27.8 5.82 14. 46

g-b715e]236 Wei ght percentage (wt% Methane Hydrogen
ane “ Et hyl ene Propane Propylene Propyne 100.0

Fluids%&%ﬁgfs 8 9 10 11 12 13 14

Temperature (°C) -24 25 40 49 =33 69 86
to 5l

Weight flow rate(T/h) |7.69 |6.08 [27.8 {5.82 |14.46|18.75]1.36

Weight percentage
(Wt %)

Methane

Hydrogen

Ethane

Ethylene

Propane

Propylene

Prcpyne 160.0 9.3 17.3

Propadiene

N,N-dimethylformamide

Methanol 100.0(13.14 25.9

Carbon monoxide 92.8 36.7

Methyl methacrylate 72.7 9.9 100.0|14.7
Water

Inert gas (nitrogen 0.4 7.2 3.6

etc.)

Others 4,2 6.6 85.3

Total 100.0(100.0]100.0|100.0|100.07100.0|100.0




Propadi ene N; N-di net hyl f ormam de Met hanol 100.0 13.4
25.9 Carbon nonoxide 92.8 36.7 Methyl nethacrylate
72.7 9.9 100.0 14.7 Water Inert gas (nitrogen 0.4 7.2
3.6 etc.) Ohers 4.2 6.6 85.3 Total 100.0 100.0
100.0 100.0 100.0 100.0 100.0 22 Industri al
Applicability According to thé&Zresent invention, a
rret hod of producing nethyl nethacrylate, having
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is separated fromthe deconposed gas obtained in the
thermal deconposition step, Propyne purification
step: the mxed liquid rich in propyne and propadi ene
obtained in the separation step is subjected to
extractive distillation, for separation into purified
propyne, and crude propadi en&€zxontai ni ng propadi ene
as the nmain conponent, |sonerization step: the crude

propadi ene obtained in the égkgﬁ%ge purification step
is isomerized in the presen n isomerization

catal yst, to obtain crude propyne containing propyne
as the main conponent, and Carbonyl ati on step: the

puritie r e.obtained in the ropyne purificatipn
B ep 2 o PR S ARt sh Rt BECBAAEY REE R fEing the
tp presence of a group VIII netal catalyst system
0 PrOHIEE FeE®Si nethacryl ate. 2. The production
im1l wher

nmet h accarding to Cl a in the 24 ,

Cepa Bt iRl ferenbOe kel dteh. & CupriaT P hegipg 3 of more

| ant for rodyci n drogen, net hane, . et hane,

o 8 opBups Hic ey AR Rnof RIS oINS dcqmposed gas
dr.ocar bqn by, t her.nal conposi ti on, of a hydrocarban
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according to Claim?2, wherein the hydrocarbon having

Y510 carbon atons is at |east one selected from

ot hSACREES A b CRAeH B SGhaRarh {heropyRe SAd brdPadiene

is separated from the decomposed gas obtained in the thermal
decomposition step,

Propyne purification step: the mixed liquid rich in propyne
and propadiene obtained in the separation step is subjected to
extracfive distillation, for separation into purified propyne,
and crude propadiene containing propadiene as the main
component,

Isomerization step: the crude propadiene obtained in the
propyne purification step is isomerized in the presence of an
isomerization catalyst, to obtain crude propyne containing
propyne as the main component, and

Carbonylation step: the purified propyne obtained in the
propyne purification step is reacted with carbon monoxide and
methanol in the presence of a group VIII metal catalyst system,
to produce methyl methacrylate.

2. The production method according to Claim 1, wherein the



separation step conprises the follow ng steps: First
distillation step: the deconposed gas obtained in the

t hermal deconposition step is cooled, then, fed to a

first distillation colum, and separated into a

fraction 1 conposed of a hydrocarbon having 4 or nore
carbon atons taken out from the colum bottom and a
fraction 2 mainly conposed of hydrogen and a

%droca bon V|n 1 to 3 carbon atonms taken out from
CREPRERT binh §i57P 3.a5R8eq ith 12 BPBATatdpn Fhep of a plant for
frac%ion 2 qgbt |ned inthe first distillation step is

fRe° %Cjangegb%%r%% | 1§ TR0l Lﬁ\?%han%nd afdparen@ed propane,
into a fraction 3 nainly conposed of hydr ocar bon
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and a fraction nl osed of hydrogen and a
i %%E%?%Joh HavPhg 5 #6093z BPRo A B 2 &kert fogarasmatoms.

the tog Thlrd distillation step: the fraction

3 oA .TE% Ph SHECL BB BRIN G AGIIEH TR R epaig Ledvherein the

q} %lrd q%g I1atio colﬁ and separated_into a

Aot %’Iaﬁ”wgc L8CHELYR FRATS dREEeast one selected
I adi ene_t aken out fron1the col um bottom and a
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fron1th colum to The productjon nethod

accor Aai ﬁa t%r?ﬁi‘é? 3n ‘?:%Thtb‘?‘?l ﬁcrﬁfrcflﬁ“é? & Foimgl stwdperein the

%ﬁ%nethacr ate purification step: the reaction
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sub cte as.di ffusion operation, distillation
opeJr Irg% éh:a)?%)]lgaglon step: thepdecomposed gas obtained in the

thermal decomposition step is cooled, then, fed to a first
distillation column, and separated into a fraction 1 composed
of a hydrocarbon having 4 or more carbon atoms taken out from
the column bottom and a fraction 2 mainly composed of hydrogen
and a hydrocarbon having 1 to 3 carbon atoms taken out from the
column top,

Second distillation step: the fraction 2 obtained in the
first distillation step is fed to a second distillation column,
and separated into a fraction 3 mainly composed of a hydrocarbon
having 3 carbon atoms taken out from the column bottom and a
fraction 4 mainly composed of hydrogen and a hydrocarbon having
1 to 2 carbon atoms taken out from the column top,

Third distillation step: the fraction 3 obtained in the
second distillation step is fed to a third distillation column,

and separated into a fraction 6 mainly composed of propyne and



extraction operation, and unreacted carbon nonoxi de,
propyne and nethanol are recovered and nethyl

nmet hacrylate is purified. 6. The producti on nethod
according to Claim1, wherein the crude propyne
obtained in the isonerization step is fed to a
propyne purification step. 7. dhe production nethod
according to Claim1l, wherein the extraction solvent
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Methyl methacrylate purification step: the reaction
mixture obtained in the carbonylation step is subjected to a
gas diffusion operation, distillation operation and/or
extraction operation, and unreacted carbon monoxide, propyne
andn@thanolarerecoveredandn@thylmethacrylateispmrified.

6. The production method according to Claim 1, wherein the
crude propyne obtained in the isomerization step 1s fed to a
propyne purification step.

7. The production method according to Claim 1, wherein the
extraction solvent for the propyne purification step 1is
N,N-dimethylformamide.

8. The production method according to Claim 1, wherein the
isomerization catalyst is an alkali metal or alkali metal oxide
supported on alumina.

9. The production method according to Claim 1, wherein the

group VIII metal catalyst system contains palladium element.



