/
TI TLE OF THE | NVENTI ON Met hod for producing —
met hacrylaté ® 5 _ BACKGROUND OF THE | NVENTI @lb fbg4-'5'
Field of The Invention The present invention relates-zg?ﬁg
‘nmet hod for " _producing nethyl nethacrylate. Mre particul arlsy, e
10 present invention is concerned with a nethod for pro-
duci ng net hyl methacryl ate, which conprised subjecting at | east
one starting material selected fromthe group : consi sting of
I sobutyl ene and tert-butanol to a gas NEhase catal yti c oxi datiron
reaction with nol ecular 15 TERLE COF | BHEhENMENTEQNe of a catal yst to
t hereby obtain gas (a) containing nmethacrolein gas and steam '
intro- ducing the gas (a) and a liquid mxture (1) containing
liquid nethacrolein and | fquid_nethangl into a, dehydra- : ky?on t ower
at a |l ower portion ther%%?haédfaf Bﬁ°§ﬁﬁé?g QﬁthE mﬁ%P?FBXlFﬁgr_of,
respectively, thereby allow ng the liquid mxture (I) to flow
downwardly in the dehydra- tion tower and contact countercurrently
wi th the_gas (a) in e siviiidtd ereby obtain a de-
hydr at edsgas m xture (b) cont oﬁhﬁ‘? Ty .netﬁiﬁ&%@%ﬁﬁﬂgﬁ@ and net hanol
gas; introducing the dehydrated gas m x- -

Field of The Inwvention

The present invention relates to a methodlfor
producing methyl methacrylate. More particularly, the
10 present invention is conéerned with a method for pro-
ducing methyl methaéiylate; which comprises subjecting
at léast one starting material selected from the group
consisting of isobutylene and tert-butanol to a gas
phase cétalytic oxidation reaction with molecular
15 oxygen in the presence of a catalyst to thereby obtain
| gas (a) containing methacrolein gas and steam; intro-
ducing the gas (a) and a liquid mixture (I) containing
liquid methacrolein and liquid methanol into a dehydra-
tion tower at a lower portion therebf and at an upper
20 portion thereof, respectively, thereby allowing the
liquid mixture (I) to flow downwardly in the dehydra-
tion tower and contact countercurrently with the gas
(a) in the dehydfation tower, to thereby obtain a de-
hydratéd gas mixtdré (b) containing methacrolein gas

25 and methanol gas; introducing the dehydrated gas mix- -



2 . ture (b) and a liquid mxture. (II) containing liquid

met hacrol’ein and |iquid nethanol into an absorption tower at a

| ower portion thereof and at an upper por- tion thereof,
respectively, thereby allowing the liquid -5 m xture (I1) to flow
downwardly in the absorption tower and contact countercurrently
with the dehydrated gas m xture (B) in the absorption tower, so

t hat subst an- tially all of the nethacrolein gas and net hanol gas
whi ch are contained in the dehydrated gas m xture (b) i's. .absor bed
by the |iquid nFweeréb)| ppd Phgﬁﬁﬂidoﬂgﬁﬁﬁre (I1) °°Pﬁ@1§lpﬂq&¥$qﬁ@dee
(I'11) containing liquid_netha |-ei nd I| anol and
subj ecting t he Rethacrglein and’ liguigd Eﬁ&hﬁgpﬁa @5 ai ned in

the liquid daglve esterlfl % Ip&)reactlon

15 in the B?@?Enégturiﬂ%ﬁﬁcgpﬁig8?y§§ﬁkgﬁ R RE §FeS

a pal |l adi um cat t { I on,
it has %%égoﬁgeﬁgggibFSSP8c§?§V|§§ %%Zg l%%hpﬁg?%@hﬁﬂa“¥g
liquid nxture E9§t39e0¥iqgt%&efﬁgheﬁbWHWﬂfdm§ 1@AG¢he &BsorptildrPbowid¥ Ch

has a high net hacrolein content, as com pared to the nethacrolein
content of the and contad®! &éﬁh&b&bﬁ&&%&iﬂ@owﬂmwrﬁ detydreatdd @dgied by
t he conventional nethods. Therefore, by the nmethod of the

pr esent |nventlmmxtﬁebhxb)n&hh&hbyhmbbnpmidhetmmmducs@ tMat substdr hi gh
efficiency. Further, in the nethod of the
tlally all of the methacrolein gas and methanol gas -
which are contained in the dehydréted gas mixture (b)

10 is absorbed by the liquid mixture (II), thereby obtaih-
ing a liquid mixture (III) containing liquid methacro-
1ein"and liquid methanol; and subjecting the methacro-
lein and methanol, which are contaiﬁed in the liquid
mixture (III), to an oxidative esterification reaction

15 in the presence of_molecular oxygen and in the presence
of a palladium catalyst. |

By the méthod of the present invention, it has
become possible to provide a methacrolein/methanol
liéuid mixture for an oxidative esterification reac-

20 tion, which has a high methacrolein content, as com-
pared to the methacrolein content of the
methacrolein/methanol liquid mixtures provided by the
~conventional methods. Therefore, by the method of the
present invention,_methyi methacrylate can be produced

25 with high efficiency. Further, in the method of the



3 present invention, each of the above-nentioned |iquid

m Xt ures (I) and (11) |ntroduced i nto the dehydration t ower and

t he absorption tower, respectively, may individually be a liquid
m xture (IV) contai ni ng liquid 5 met hacrol ein and |iquid nethanol,

whi ch i s obtained by separation fromthe reaction m xture produced
by the above- menti oned oxidative &sterification reaction.
Therefore, in the method of the present invention, mhen t he
production of nethyl methacr ate |s onti n ousl o,rmed by
recycling the IPEG?&% Ay he a °V% eéij

reaction mxtureotalne y c

reaction) as thglﬁ gﬁb an%F(II) ﬁﬂﬁ%§§< Iﬁﬁ ehiﬁ;a nt of

met hanol needed ant UQUs, Qi S n be

consider- 15 1:cm"'a'gbla)xlmre ucez"% c?%par efqto %Ladte%lw%yc?ﬁ}gntional
met hods, and thg ngQRtiigaqus, W@@%ﬂdﬁl&h&%&ﬁﬁ-éq&ﬂe containind’ e.lf:t d
wi t hout using conplicated apparatuses for the separation a

recoverygof nethaidlacrWliedh ¥ NYeRAd methanol,SaHidch UsPbBthid by
conventlonal met hods. This is 20 advantageous not only in that the
cost of produci Bgparation freirhWhe aidmayiom nflAird praasteate naplvhe educed,
but also in that the production process is free fromthe

t roubl es caused abppvelaendd cofed loxtickaiplvier &sdrEfiarasbion reactigmnuses for
the separation and recovery of nethanol, so 25 that the desired

met hyl met hacryIT&eé'Qfa’t?ebelmdﬂ\ﬁ:@@thOd of the present invention, when

the production of methyl methacrylate is continuously

10 performed by recycling the liquid mixture (IV) (which
is separated from the reaction mixture obtained by the
oxidétive esterification reaction) as the liquid mix-
'tures (I) and/or (II), the amount of methanol needed
for the-continuous production process can be consider—

15 ably reduced, as compared to that in the conventional
methods, and the continuous production process can be
performed without using complicated apparatuses for the
separation and recovery of methanol, which are neces-
sarily used in the conventional methods. This is

20 advantageous not only in that the cost of producing
methyl methacrylate can be considerably reduced, but
‘also in that the production process is free from the -
troubles caused by the use of the complicated_appara-
tuses for the separation and recovefy of methanol, so

25 that the desired methyl methacrylate can be produced
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tal'neg‘orcpg;pgpgq%tgh?nce%lflc ma%Lhd WI rret hzﬂ;%]l%h_% obt ai n

met hacryt ate,” whi ch has a hi gh comrerci al value, a so-called "via
nmet hacrylic 5 acid process" has al ready been practiced on a comrer-
cial scale. The "via nethacrylic acid process" com prises
subjecting at |east one starting nmaterial se- | ected fromthe
group consisting of isobutylene and 4 tert-butanol to a gas phase
catal ytic oxidation reac- 10 tion in the presence of nol ecul ar oxygen
and in the presence of a catalyst to thereby obtain nethacrotein;
subj ecting the sbehil¥ed nmethacrolein to a gas phase catal ytic

.oxi dation reactlon I n_the presence of nol ecu- | ar oxygen and in
the presence ofE t to thereby 15 'obtain met hacrylic acid;

and_

cently,

g&.sgb cbmmer]pa'.a 154 %t udi &3, IE:%‘iele%[e &%lgaﬁl(;ett%%c%lg# y

pro u0|ng met N hacr

EU@EE&“QhEEtQQ&% %GEML#Ee Ofﬂﬁkﬁ%ﬂpl Q&ﬁ%ﬁg 10 an

I |ca Ion reaction In prese nol ecul ar

Bealr €3RNee Ofrhd )L )h‘étthatdi‘ylic acid PIIRINE"Praymice

| ate (MVRA) by one step ~directly from nmethacrol ein

pEises R¥bgecting at 1east one starting material se-
lected from the group consisting of isobutylene and
tert-butanol to a gas phase catalytic oxidation reac-
tion in the presence of molecular oxygen and in the
presence of a catalyst to thereby obtain methacrolein;
subjécting the obtaiped methacrolein to a gas phase
catalytic oxidation feaction in the presence of molecu-
lar oxyéen and in the presence of a catalyst to thereby
obtain methacrylic acid; and reacting the obtained
methacrylic acid ﬁith methanol to obtain methyl metha-
crylate.

On the other hand, recently, extensive and inten-
sive studies have been made on a newly developed method
for producing methyl methacrylate, which comprises
subjecting methacrolein (ML) and methanol (MeOH) to an
oxidative esterification reaction in the presence of
molecular oxygen aﬁd in tﬁe presence of a catalyst, to
thereby produce.methyl methacrylate (MMA) by one step

directly from methacrolein (ML) (this process is here-



5 after frequently referred to sinply as a "direct M-to-

MVA process" ‘and the above-nentioned oxidative ester- I fication
reaction is hereafter frequently referred to sinply as a "direct
M.-t o- MVA synt hesis reaction"). 5 In this process (i.e., the
di rect M.-to- MVA pro- cess), aliquid mxture of liquid

- nmet hacrol ein and - liquid nethanol % introduced into a reactor, and
a reaction is perfornmed in the presence of nol ecul ar '
oxygen and in the presence of a palladiumcatalyst. 10 However , =t he

activity of theafdemdingauentdly sefiermed to simply ashias "gHxkasss Mlstqkel y
to be inhibited by water cop- tained in the reaction system
Therefore, for M@ @recess” and they ahqvemmanidansd exidatiye fsierRT vl at e,
it Is neces- , sary not only tqQ increase the nethacrolein content of
15 ' M he aboddASAIEh R AT 1 AR R SR o sterred T | he
wat er content of_ .t he above-nentioneq. liquid . m xture . to.a level as
| ow as possi bl e.Slmp%'Y as a cﬁ!i%?r}\ieggﬁt%a_t SYEhests r?e%ﬁqtd'f?éha)a'bove,

th - | 6. 4 A bj | ' 20
Taterial sel ected f'rgfrﬁptﬂg'é;r e, e r&%ﬁéﬁﬁ?—%&mﬁéﬁgngnd

material5 oup consistirg of iso

tert-butanol to s asensR AMdtvrdf&iquid methddRdiGRENLN i N the
presence of nol ecul ar oxygen and in the presence of a catal yst

(this reaction ilgdifii®imethanol is Maft¥addedIusiid \a nefitcd tamsiaply as a
"met hacrolein 25 synthesis reaction"”). The methacrol ein product ob-
reaction is performed in the presence of molecular
oxygen and in the presence of a palladium catalyst.

10 However, the activity of the palladium catalyst used in
this process is likely to be inhibited by water con-
tainéd in the reactibn system. Therefore, for increas-
ing thg production of methyl methacrylate, it is neces-
séry not only to increase the methacrolein content of

15 the above-mentioned liquid mixture, but also to lower
the water content 6f the above-meﬂtioned liquid mixture
to a level as low aslpossible. |

However, at present, as mentioned above, methacro-
lein is produced by subjecting at least one starting

20 material selected.from the gréup consisting of isobuty-
lene and tert-butanol to a gas phase catalytic oxida-
tion reaction in the presence of molecular oxygen and
in the presehce of a catalyst (this reaction is hérei-

nafter frequently referred to simply as a "methacrolein

25 synthesis reaction"). The methacrolein product ob-



6 .~ tajned by the above-nentioned reaction contains a

consi derabl e anobunt of water in addition to by-pro- ducts. The
wat er contained in the methacrol ein product is derived from

vari ous sources, such as water generat- 5 - ed in the above-nentioned
met hacrol ein synthesis reac- tion; steamused as a diluent gas;
wat er generated in a dehydration reacéi on of tert-butanol (when
tert - butanol is used as a starting material); and water contained
in tert-butanol, which water is derived froman azeotropic 10 -
tert-butanol / wat er hakredebyothedabove-sentionedpredgsion containgi gn
process of tert-butanol. Thus, water is inevi- = - . tably contained in
the methacrol ei n préeeiderpbiesamount of yageRainr aggitian %P Prspro-

met hacrol ein product is | ow ered, by dehydration, it becones

i npossi bl e to produ QC%§5 The WﬁFﬁ?lcﬂﬁFﬁéB¥9léPegéPfWEF AEFQ LGy REoduct
di rect M-to- MVA . .process. . As nentigned_above, whe
the product ion of mienderiPed ER8n yarios, sopgaase, Boh, 37 Fates’ entiSl-
above-nenti oped gas_ghgase - ' | | .eact | . _
nethacroleingis gen%?a?ﬁythgoabove %%#ggéég&iﬁéFﬂga?ggﬁﬁgfggggﬂggﬁ afﬁﬁﬁb

nethacrolein and  ¢ijon; stb8AMisbd agdﬁr amuemﬁi;asaﬂ WSEQ%CE;%%EQ&:%P%C%

having a | ow water content by the gas phase catalytic oxi dation
reaction, the wateraenpieatieh rBacaélbémeof tert-buthBBLI QRBENnJ&&ritSbutanol

| ower ed, and gaseous nethacrolein 25 contained in the gas is
separated and recovidsedsed &bBea starting material); and water contained in
tert-butanol, which water is derived from an azeotropic
10 tert~butanol/water mixture formed by a specific produc-
tion process of tert-butanol. Thus, water is inevi-
tab1§ contained in the methacrolein product. Unless
the water content of the methacrolein product is low-~
ered by dehydration, it becomes impossible to produce
15 methyl methacrylate efficiently by the direct ML-to-MMA
process. |
As mentioned above, when the production of metha-
crolein is conducted by the above-mentioned gas phase
catalytic oxidation reaction, methacrolein is generally
20 obtained in the form of gas containing methacrolein and
steam. In order to obtain a methacrolein product
having a low water content by the gas phase catalytic
oxidation reéction, the water content of the above-
mentioned gas is lowered, and gaseous methacrolein

25 contained in the gas is sepatated and recovered in the



7 formof a liquid m xture containing |liquid nethacro-

| ein. Howevet, in a comrercial scale production of net hacrolein, a
treatment using a known desiccant, such as silica-alumna, zeolite
or calciumchloride, cannot 5 be enpl oyed as nethod for |owering the
wat er content of t he gas containing nethacrol ein and steam
because such a known desi ccant hasma poor dehydrating ability, and
an unfavorabl e polynerization of nmethacrolein is likely to occur
on the surface of the desiccant. 10 For obtaining the

met hacr ol ei n pr oglyeh Sﬁvanﬂiguia m;xtufewb&ﬁtain@agtEm&uba Ma¥hakrbover i ng
the water content t he nmet hacrol ei n product during the

production leinpr OB6GEvES! IR HasbmmerBialascale profastlienhege been
made. For exanple, Unexam ned Japanese Patent Applica- 15 ti-on
Lai d- Open Speci fmethaocnoldapanaseréakmentNasing- a known d88Q08Cadtsckushs a
nmet hod i n which gaseous nethacrol ein I n the gas containi ng gaseous
met hacr ol ei n andastsibitca-alumina, zeedibedorncelehuml cbhoridad chwnot

resultant |iquid m xture of liquid nethacrolein and a liquid
al cohol is 20 be e@BBP@G@eEStBeﬁhoéxﬁpﬁc@PVéréPStFPPaWP&ﬁru§Pﬁ§eﬁﬁtGf as

an extraction solvent, to there Et ate g rec §team becaagg sych
d an

met hacrol ei n. HolRFeFas; FOpKRLn 8FHe

S ey S o Pyl A o

and wat er [azeotéﬂ unfavorable polymerization of methacrolein is likely
to occur on the surface of the desiccant.

10 . For obtaining the methacrolein product having a
low water content by way of lowering the water content
of tﬁe ﬁethacrolein product during the production
process for methacrolein, various proposals have been
made. .for example, Unexamined Japanese Patent Applica-

15 tion Laid-Open Specification (Japanese Kokai) No. 49-:
92007 disc}oses.a method in which_gaseous methacrolein
in the gas containing gaseous methacrolein and steam is
absorbed into an alcohol and the resultant liquid
mixture of liquid methacrolein and a liguid alcohol is

20 subjected to an extractive distillation using water as
an extraction solvent, to thereby separate and recover
methacrolein. However, in this method, since water is
used as an extraction solﬁent, the methacrolein is
separafed and recovered inevitably in the form of én

25 azeotropic mixture of methacrolein and water [azeotro-



8 p|c point: 63.6 [err]C nethacrolein/water (weight ratio):

100 / 79 ]. Therefore, in this nmethod, it is inpossi- ble to
obtain a methacrol ein product having a water content which is | ower
than that of the azeotropic 5 m xture of nethacrolein and water.
Further, U S Pat ent No. 2,514,966 discloses a nethod in which
gase- ous net hacrol ein in the gas8contai ni ng gaseous net ha-
crolein and steamis absorbed into water. However, in t hi s met hod,
for the sane reason as nentioned above in 10 connection with =

Unexani ned JapaRéSePPandnt 6Apfl i"Cdr meiyhacrolein/waterof@rightc matdat)izon No.
49-92007, it is_inpossi bl to oht ai net rol, roduct .havi ng
a water content? 106°7°7. g ihlcﬁhﬁ§q§8ﬁﬁr Pﬁaﬁgﬁﬁaﬁ 5$°§h 3&éﬁ$ C8SHixt ure

of. Ie| xan1ned Ja anese

Pat ent Appllcatgg gfﬁg a methacr@ﬂﬁ%f#?%ﬁ@“&% % pa ese oKk4i ) No.
55-19213 disclo t having a
hi gh 88 F%ntpghr}f:h él%gr]f%g%fa% %Q{P“"’Z‘Br‘?ﬁ]a ene | s u g:

a sol veng, and Hi&k%%%%' hetfidned o BrldGaltas CoFurthllr, u.d.al ni ng

met hacrolFein and steamis absorbed into sol vent to thereby”
separate and repateht RN, G1A,066 d:Lsclose‘éO\&e\ﬂ@rthddn inhiwhiBH Reee-during
t he separation of methacrolein fromthe mxture of methacrol ein
and the ousOmethiacridlein xinurthde fase plontaderinge glasdouendidtans, 25

so that a polynerization of nethacroleinis likely to
crolein and steam is absorbed into water. However, in

this method, for the same reason as mentioned above iﬁ

10 connection with Unexamined Japanese Patent Application |
Laid-Open Specification No. 49-92007, it is impossible
to oﬂtain a methacrolein product having a water content
which is lower than that of the azeotropic mixture of
methacrolein and water.

15 Unexamined Japanese Patent Application Laid-Open
Specification (Japanese deai) No. 55-19213 discloses a
method in which an organic compound having a high
boiling point, such as an alkylnaphthalene, is used as
a soivent, and methacrolein contained in the gas con-

20 taining methacrolein and steam-is absorbed into the
solvent to thereby separate and recover methacrolein.
However, in this method, during the separation of
methacrolein from the mixture of methacrolein and the
solvent, the mixture is kept under heated conditions,

25 so that a polymerization of methacrolein is likely to



9 occur, thereby consum ng a | arge anount of nethacrolein

nononer s. * Unexam ned Japanese Patent Application Laid-Qpen
Speci fication (Japanese Kokai) No. 56-87530 (corre- 5 sponding to
U. S. Patent No. 4,329,513) discloses a met hod for dehydrating a gas
containing an unsaturated al dehyde and steam which gas is obtained
by subjecting at least one starting naterial selected fromthe
group consi sting of propyl ene, isobutylene and tert-butanol 10

to a gas phase catal ytic oxidation reaction. Specifi- cally; the
met hod di scl 0seRFFWE i htRepeP¥neonRsunipgt a large amgyhl, PEcTetharE@deilng a
gas contai ning an unsaturated al dehyde and steam and liquid

met hanol into d"CRPAAFA- tion tower at a |lower portion thereof and

15 ' h f vel .Wh ' he |.iquid
oL 20 UODET 15 o cuRSEh ey FhARbenk PRRGH L FhYr J RS kRS B §
f th h I ifi b I ' ' i d
of Lhe et hano cgi PEcRELL FSpdhELE okat o, L7638 (Bedpaul @

count er el rent | youhdingheo B0s. pat8ft K8.!Headanydsat hoasiguel &S0 that

the gas 1s de- hydrated to forma dehydrat gas containing the
- un- sahetRE@Us8LdaBNgaraR g At QQQUEbaQaihQnFnaat uhdb®rated

al dehyde- cont ai ni ng dehydrated gas and |iquid nethano into an
absorption t owealdénydl8aandhsteanat whatthdgas is obtained by subjecting
at least one starting material'éelected from the group
conéisting of propylene, isobutyleﬁe and tert-butanol
10 to. a gaé phase catalytic oxidation reaction. Specifi-
cally, the method disclosed in this patent document
compfises introducing a gas containing an unsaturated
aldehyde and steam, and liquid methanol into a dehydra-
tion tower at a lower portion thereof and at an upper
15 portion thereof, respectively, wherein the liquid
methanol is introduced in:an amount such that substan-
tially all of the ﬁethanol can be gasified, thereby
allowing the liquid methanol to flow downwardly in the
dehydration tower ;nd contact countercurrently with the
20 gas in the dehydration tower, so that the gas is de-
hydrated to form a dehydrated gas containing the un-
saturated aldehyde; and.introducing the unsaturated
aldehyde-conéaining dehydrated gas and liquid Méthanol

into an absorption tower, so that the unsaturated

25 aldehyde which is contained in the dehydrated gas is



25 aldehyde which is contained.in the dehydrated gas is

10 ! adbsorbed into the |iquid methanol; and recovering the

unsat urated al dehyde in the formof a liquid m xt ur e cont ai ni ng the
| i quid unsaturated al dehyde and the liquid nethanol. 5

However, in this method disclosed i n Unexam ned Japanese Pat ent

Appllcatlon Lai d- Open Speci fication No. 10 56- 87530, since nethanol

i s added to each of the gas contai ni ng the unsaturated al dehyde
(methacrolein) in- ehydration tower and the dehydrate gas
contai ning 10 absorppd Gﬁ§8t§h&té&q&FéeW?GéaPﬁ%PhéEFoF@FRV%q+WQ1 sor p-

tion tower, the unsaturat Id de.is aused to dijJuted with
net hanol , so t h4PSERETARY Y fein the f°rﬁn §bar&ﬁgd¥%4mﬁﬁﬁﬂ§

nmet hacr ol ei n he |,i on| lJ,qui d
ﬁnsaturated a?dgﬁ9%81558 Ege liquﬁﬁeupsau g@han?ﬁ?'W|t% ?5&%1 romthe
outl et of the 119uﬁd ﬁg%ghgbgon tower is on a level as |ow as 18 % by

wei ght e other hand, in the comercial scale
productign of met hy| peRielae yhal enl hﬁ&h@bf@@édﬂedéa'ln Unexamﬂﬂ@%
process, ®as a starting material for the direct M- 0 t o- MVA -

synt hesi s react Jjapaneke Pateaitenppdicativh Laid-Open m@éamﬁﬂaaﬁﬂ@knmkhano
‘liquid m xture having a nethacro- | ein content of not |ess than 25
% by wei ght and5iba28i78¢0, since mathaniodcrial addede ttoneachvaftthe ggas of not
| ess than 0.33. That is, the nethod disclosed in Unexam ned 25

Japanese Pat ent copgieindnigo thieaussgiwradiedc islidedyiden (R@thacrolein) in
the dehydration tower and the dehydrated gas containing

10 the unsaturated aldehyde_(methacrolein) in the absorp-.
.tion tower, the unsaturated aldehyde is caused to be
diluéed with methanol; so that the content of the
unsaturated aldehyde (methacrolein) in the liquid
mixture.(containing the ligquid unsaturated aldehyde and
15 - the liquid methanol) withdrawn from the outlet of the
absorption tower is on a level as low as 18 % by weight
or less. On the other hand, in the commercial scale
production of methyi methacrylate by the direct ML-to-
MMA process, as a staffing material for the direct ML-
20 to-MMA synthesis reaction, it is preferred to use a
methacrolein/methanol liquid mixture having a methacro-
lein content of not less thah 25 $ by weight and having
‘a methacrolein/methanol weight ratio of not less than
0.33. That is, the method disclosed in Unexamined

25 Japanese Patent Application Laid-Open Specification No.



56-87530 has a problemin that, although the water content of the

met hacr dl ei n/ met hanol |iquid nlxture can be lowered, it is

i npossi ble to increase the nethacro- | ein content of the

met hacrol ei n/ methanol liquid mx- 5 ture to a level which is
sufficient for inproving the productivity of nethyl nethacrylate
in the direct M- t o- MMA process.11 Wth respect to
t he net hacrol ei n/ net hanol |iquid m xture obtai ned by the nethod
di scl osed in Unexam ned 10 Japanese Pat ent plication Laid-Open
Speci fi cati on N§6-87530 hassg grobdemeian that) .t als Bnhed Wwadether ease
t he net hacrol ei n content of the nethacroleln/ net_hanaql

liquid mxture ggng entt Réd the Rethgcrpdein/methangd; AR, N

S TR T S b R i

t t t bt g t I | I I d
S 260 TR R I T
reason therefor (468l q&s J ﬂe%ﬁ]t whitn' 18 st3ficienPP6E- oQ}l‘?E;

using a distillation towe an azeotropic n1xture
met hacrol ei n ang, /RfRANYity of methiyd r‘;rlFéQ:'entln Q&eodiger&tCML—
nmet hacr ol ei n/ net'hanol wei- ght ratlo 2/ 27.7) is obtained, so
that it is to-MMATRRSBdYss t 0 obtain a nethacrol ei n/ met hanol quuid 25
m xture having a nethacrol ein content higher than that

' “With respect to the methacrolein/methanol liquid

mixture obtained by the method disclosed in Unexamined
10 Japanese Patent Application Laid-Open Specification No.
56-87530, even if it is attempted to increase the
methécrolein content of the methacrolein/methanol
liqhid mixture by a method in which the
methacrolein/methanol liquid mixture withdrawn from the
15 absorption tower is introduced into a distillation
tower'to théreby concentrate the liquid mixture, it is
impossible to obtain a methacrolein/methanol liquid
mixture having a satisfactorily high methacrolein
contént. The reason therefor resides in that, by the
20 above—mentioned method ﬁsing a distillation tower, on;y
an azeotropic mixture of methacrolein and methanol
(azeotropic point: 58.0 -°C; methacrolein/methanol
weight ratio: 72.2/27.7) is obtained, so that it is
impossible to obtain a methacrolein/methanol liquid

25 mixture having a methaqrolein content higher than that



12 of the above-nentioned azeotropic m xture. Further,

this method i's di sadvant ageous not only in that a distillation
tower is additionally needed, but also in that there is a danger
that a polynerization of netha- 5 crolein occurs in the distillation
tower, so that the resul tant polynerized product causes troubles
in the production systemfor netHh@ nethacrylate, leading to a
difficulty in stable production of nethyl nethacrylate.

Further, in this Unexam ned Japanese Patent Appli-_ 10 catiaon ~

Lai d- Open SpeC|Pfcﬁpﬁoﬁbﬂﬁe‘HGHGiQBGd pREOSFAPiC mixture; o Further,, met hyl
met hacryl at e by the direc ce cted using an
excessi ve anounthdf methoa lsnggﬁgHAP“tﬁﬁFEHs 8°¥ ﬁgrégr%£ﬁ§hathat -

T LRIV St R P T
that a ConS|der%P %E%%%ﬁi%fanaﬁggaglth%tngep8§yharaggtlon of me'thd-

precedi ng steps ating a gas contain gaseous
met hacr 0%9' n andrghedm becardeivdihkl @lskeM@btion towerdNéof YhatOSPlebi ng

t he gasebus nethacrolein in an ab- 20 sorption tower. Due to the use
of the excessiVveesi#dht polymerigeddirbadel causes feoaplesy inhahed | arge
anount of unreact ed nmet hanol be 'separated fromthe reaction

m xt ure (cont ai progudddione gyssiehy [foremexhy/ll abdhaclrylate, leadiamignds lay t he
direct M--to-MVA synthesis reaction and

difficulty in stable production of methyl methacrylate.

. - Further, in this‘Unexamined Japaneée Patent Appli-

10 cation Laid-Open Specification No. 56-87530, the syn-
thesis of methyl methacrylate by the direct ML-to-MMA
procéss is conducted using an excessive amount of
methanol, which is far larger than that consumed in the
direct ML-to-MMA synthesis reaction. The reason for

15 the use of an excessive amount of methanol resides in
that a considerable amount of methanol is needed in the
two preceding steps for dehydrating a gas containing a
gaseous methacrolein énd steam in a dehydration tower
and for absorbing the gaseous methacrolein in an ab-

20 sorption tower. Due to the use of the excessive amount
of methanol, it is necessary that a large amounf of
unreacted methanol be separated from the reaction
mixture (containing désired methyl methacrylate) ob-

tained by the direct ML-to-MMA synthesis reaction and

25 that the separated methanol be recycled. Such a sepa-



25 that the separated nethanol be recycled. Such a sepa-

13 ) fation operation and a recycling operation consune a

di sadvant ageously | arge anount of energy. On the other hand, it is
noted that, when the anmount of nethanol used in the direct

M.-to- MMA process is small, both the 5 conversi on of methacrolein and
the selectivity for met hyl nethack3late in the direct M-to- MVA
process tend to | ower. Wth respect to the nethod
for separating nethanol fromthe reaction m xture obtained by the
direct M.-to- ¥@tion opgprat}pnhasdsar E2EVFdANgRRErEGION FPNWSs &ar at ed
nmet hanol to the_dehydration tower _and the absorption ower, the
fol | owi ng nethoﬁésﬁéV§nEé€ﬁ°HF&§o§§JQe amount of eneggys; Ong QS i n
Unexam ned Japapese Patent Appl ication Lai d-Open. Speci.fi cation
(Japanese Kokai an%S it isngoted. TRa%40WhERe RS SmPHQ%ﬁOQ qﬁﬁﬁl or
separating a used inI ltﬂg' QQ:‘ éttuhi—%grl@nh%cle's%u'i% 'Engﬁ.l rﬁ?:t'éﬁa(i:rﬂél at e
and unreacted | rqurd et SnoT-From a react | of moxtuar e  “(Ccontaini ng

met hyl t hacry r ' Sl ) tai ned by
t he diretCt NL-t%gb%ﬁrgéhghg?nﬁggﬁgegba??g'ngkf?ghgggSpecP?$§gﬁ%£3tfﬂs

nmet hod conpri sefmethyl methaliiyadde A6 the RISIOMITvE-MMA Prcidwd by the
di rect M.-to- MVA synthesis reaction into a distillation tower
to thereby obtaitend ltoqliottesi.xt ure containing liquid met hyl
met hacryl ate and unreacted |iquid methanol from
With respect to the method for separating methano1
from the reaction mixture obtained by the direct ML-to-

10 MMA synthesis reactién, and recycling the separated
methanol to the dehydration tower and the absorption
toweé, the following methods have been proposed.

First, as described in Unexamined Japanese Patent
Application Laid-Open Specification (Japanese Kokai)

15 No. 58-157740, there is known a method for separating a
liquid mixture containing liquid methyl methacrylate
and unreacted liquid methanol from a reaction mixture
(containing methyl methacrylate, water, methacrolein
and methanol) obtained by the direct ML-to-MMA synthé-

20 | sis reaction. Specifically, this method comprises
introducing the reaction mixture obtained by the direct
ML—to—MMA~synthésis reaction into a distillation tower
to thereby obtain a liquid mixture containing liquid

methyl methacrylate and unreacted liquid methanol from

25 the bottom of the tower, and a liquid mixture contain—



25 t he botton1of the tower, and a liquid m xture contai n-

14 : *ing unreacted I|qU|d nmet hacrol ein and unreacted liquid

nmet hanol fromthe top of or an upper portion of the tower. In this
met hod, the nethacrol ei n/ met hanol liquid m xture obtained fromthe
top of or an upper 5 portion of the tower is recycled to a reactor
for the direct M.-to- MMA synt hesi¥4reaction. On the
ot her hand, there is also a known net hod for separating met hanol

from the above-nentioned |i quid m xt.ure (conta|n| ui d .net hyl
net hacryl at e and.ng]_@lnreacim%( ‘h'ld’ mefharTndeian e ar?gi?‘ioﬁ' &
separati on fromthe re |on ture roduced b the direct M-to-
MVA synthesis r 8&&hage IE Gﬁé aWE Ttiol %? % Pat ent
Application Lai en S C|f|cat| ﬁghgb? s. 57-9739
(corresponding t q:(?% Qﬁr}ﬁﬂ I@‘e E‘e&%%%%@')se%n di scl ose

the foll
mat(:ahyf) ng}tl\?lacr yl étqe angn unreact e}%i;{é&??&;{"ﬂ{%&%p‘?% Ul dd t roduced

into a first di gd-d:d Y¥ t%rtov;éigq@"ezrecycled to Y ideattldr 'féig 3 ur at ed

hydr ocarBon, to"thereby dis- till "substantially all of the

nmet hanol in the JigdrgB1OML- to_MMAEﬁyﬁﬁﬁggﬂgnﬁéhdﬂﬁﬁﬁue thereof with the C6 -

C8 saturat - ed hydrocarbon fromthe top of the tower. The obtained

azeotropi c m xture i On Rtheodhtlesr ihdrad 2 {Hease isepEdisto a known methmd vessel

to thereby separate the mxture into an 25 upper |ayer conposed
mainly of C6 - @brsasepa;tmﬁg/dmthanol from the above—ment:.oned liquid

mixture (containing liquid methyl methacrylate and

10 unreacted liquid methanol) obtained by the separation
from the reaction mixture'produced by the direct ML-to-
MMA éynthesis reaction. For example, Unexamined Ja-
panese Patent Applicafion Laid~-Open Specifiéation
(Japaneée Kokai) Nos..57-9739 (corresponding to U.S.

15 Patent No. 4,518,462) and 57-9740 disclose the follow-
ing method. The liquid mixture containing liquid .
methyl methacrylate and unreacted ligquid methanol is
introduced into a first distillation tower, together
with a Cg - Cg saturated hyérocarbon, to thereby.dis-

20 till substantially all of the methanol in the form of
an azeotropic mixture thereof with the Cgz - Cg saturat-
ed hydrocarbon from the top of the tower. The obtained
azeotropic mixture is introduced into a phase separa-
tion vessel to thereby separate the mixture into an

25 upper layer composed mainly of Cg - Cg saturated hydro¥



car bon and a |lower | ayer conposed mainly of nethanol. The obt ai ned

Cerr] C efr] saturated hydrocarbon of the upper | ayer is
recycled to the first distillation tower, and t he obt ai ned

met hanol of the lower |ayer is subjected to adistillation in a
second distillation tower, wherein nethanol is withdrawn fromthe
bottom of the second distillationt3ower and recycled to the
dehydr a- tion tower and the absorption tower. Fromthe top of

the second distillation tower, the C6 - ([err] saturated 10
hydrocarbon is GRSPPR 88di @ LRWEroLAYSKE &ﬁ@?&@@r ggialy of methanql-e

iggggff mnth nftganELtdwhlggpgswaggyghggr gYSF : Fﬁgie sepa;atlon
at en i catLon _Lai Ci an

b onh0 T ombRREE L, TRRY TR 5 %Ef?% aagtrlidtiom roner g
Appli cation Lai dnOpeReanael 'ftlg%%mf dower dabal/ 44 Wufifedid g onduct

a continuous production thy acry I on

process ?econesto a disthu§%ﬂﬁ%ﬂhﬁg%QgﬁEﬁnﬁp@@éﬁ%ﬁfﬁ%fﬂﬂLﬁﬁﬁﬁps'Ve

because this process needs not only a phase separation ‘opera-

tion and dlStl|hﬁbr@ﬂnpﬁﬁﬂ@kﬁ@ﬂﬁ1@§Mﬂ&hﬁ&%@%<¥ﬁﬂh|ﬁﬁt bottom of ttHY
towers, but also includes a plurality of recycling st eps.

Furt her, the abSEEOmHtﬂm&triyﬂtimdwanMQge@ma|necjaied to tirsd dedtyeird-he
liquid ntxture contai ning a C6-C8 satu-
tion tower and the absorption tower. From the top of
the second distillation tower, the CGI- Ca.saturated
10 hydrocarbon is distilled in the form of an azeotropic
mixture thereof with methanol, which is recycled to the
phase separation vessel.
However, when this method of Unexamined Japanese
Patent Application Laid-Open Specification Nos. 57-9739
15 and 57-9740 is combined with the method of Unexamined
Japanese Patent Application Laid-open Specification No.
58-157740 so as to conduct a continuous production of |
methyl methacrylate, the production process becomes
disadvantageously complicated and extensive, because
20 this process needs not only a phase separation opera-
tion and distillation operations using three distilla-
tion towers, but also includes a plurality of récycling
steps.

Further, the above method is disadvantageous in

25 that, when the liquid mixture containing a Cgz-Cg satu-

]



16 rated hydrocarbon, liquid nmethyl nethacrylate and
liquid fret hahol is introduced into the first distilla- tion tower,
it is necessary to control the anmount of t he saturated hydrocarbon
present in the tower, the 5 anount of the liquid m xture to be

I ntroduced, the operation tenperature of the distillation tower,

t he thermal input for heating andlé he anbunts of products

wi t hdrawn fromthe top and bottom of the tower so that

substantially all of the introduced saturated hydrocar - bon s
mai nt ai ned at arptedt hydrphcgrnbeny hénqalsl &feé'hml methacrYMt@haPﬁe liquid

m xture is introduced into the towe part o al I, q%}the

sat urated hydr otdaBdd mgthanol is §P§§QﬁP°&F &nﬁeprﬁoﬁ rske Aistdd L2l at e
at which the g g mxture i s |ntroduce gt% t he Epmqh fth
water 15 EﬁﬂPaFﬂgﬁ r n+thdS| PETRFSATYt Pe SPIY F@ bg AP HE

fi t distill t t { | {

W th the saturabBl REYPGRRPRORYARGRARRIR, rddtftilss® che M‘EF ot s the

separated and I gagughedeRhIaNluta m coreStd B8 i et of the

separ at €¥ and recov- anol exceeds 3 % by melg - Wen
the net hanol 1P gratliﬁw Rempeti thrd q& WaleP 13160 a Rk ot HRhieRdUaag i nt o
dehy

t he ration tower and the absorption tower, the wat er
content of a |i gHe¢mBlXinpat( et Hcditigd isid d:H@fdﬂ@unts of produmts n and

l'iquid nmethanol) obtained fromthe absorp- 25 tion tower is
i ncreased, rendetichgrale |frem dhe xiopr @and bottom of the tower so that
substantially all of the introduced saturated hydrocar-
10 bon is maintained at a position higher than a plate at
which the liquid mixture is introduced into the tower.
When"a part or all of the saturated hydrocarbon is
present at a position lower than a plate at which the
liguid ﬁixture is introduced into the tower, the water
15 contained in the liquid mixture introduced into the
first distillation towet'diéadvantageously undergoes
azeotropy with the saturated hydrocarbon and, hence,
the water enters the separated and recovered methanol,
so that the water content of thé separated and recov-
20 ered methanol exceeds 3 % by weight. When the methanol
| having such a high water content is introduced into the
dehydration tower and the absorption tower, the water
content of a'liquia mixture (containing liquid metha-
crolein and liquid methanol) obtained from the absorp-

25 tion tower is increased, rendering the liquid mixture -



17 unsui tabl e for use as a f eedstock for the direct M-to-

MVA synthesi$ reaction. In addition, the above nethod has

al so the foll ow i ng di sadvant age. Wen t he operation conditions of
the 5 first distillation tower are changed or when the opera-

tion of the first distillation tower is started or stopped, the
operation conditions of the tower becone 17 unst eady, thus causing

t he above-nentioned saturated - hydrocarbon in the introduced liquid
m xture to flow 10 down inside the tower toward the bottom.t hereof

t hr ough uaspliiteblet fouf usears Befieedstork: Kort sher digefrte Mirdo-
saturated hydrocarbon is a poor solvent for the pro- duced

pol yners and t hMMBy synghesds seegvies.- present in the i ntroduced

liquid mxture, a dep03|t|on of t hese

|
a clogging of the pl dPegddition, the 6PB¥§ 8Ptpﬁ§ %@Fés OCC J%ﬁgﬁhpgm;?
foc MY g, 1 EREvaREAdR -0 Wt % Arerasitn Rolis 5 °tn§:/\e@r%0§:% e
Mor eover  t he a*%avgt”%&@%qag% [ Wols! B UHgedd or yndd' thifogkras

plurallt§ of azéd roplc Sys tropi c point

each other are Ctz'l%"i‘td\befn%e‘}‘i?s\(: distn.llat:fi‘?fr{%vdé} ds Ytalrtdddldon tover

which is used for sepa- rating nethanol froma reaction mxture
(cont ai ni ng stoppe®! e BYdIAYIYMIcnAItns B R Acvier aestom hanol )
25 obt ai ned by the direct M.-to- MMA synthesis reaction,

unsteady,  thus causing the above-mentioned saturated
hydrocarbon in the introduced liquid mixture to flow
10 down inside the toﬁer toward the bottom thereof through
.a plurality of plate regions of the tower.. Since the
satu;éted hydrocarbon is a poor solvent for the pro-
duced polymers and the by-produced polymers present in
-the introduced liquid mixture, a deposition of these
15 polymers occurs, leading to a clogging of the plates
- and pipes of the first distillation tower. Ffequently,
this clogging is so serious as to make it impossible to
continue the operation of the first distillation tower.
Moreover, the above method has a further problem
20 in that a plurality of azeotropic systems having azeo-
tropic points close to each other are disadvantageously
formed in a distillation tower which is used for sepa-
rating methahoi from a reaction mixture (containing
methyl'methacrylate, water, methacrolein and methanol)

.25 obtained by the direct ML-to-MMA synthesis reaction,



18 wherein the resultant separated nethanol is intended to

be used’for ‘dehydrating a gas containi ng nethacrol ein gas and steam
and for absorbing nethacrol ei.n gas. Due to the formati on of such
plurality of azeotropic sys- 5 tems, it becones difficult to stably
operate such distillation tower. In one exanple, a plurality of
azeotropic systens are formed in the distilgation tower used for
separating and obtaining a liquid m xture cont ai ni ng unreacted

i quid nethacrol ein and unreacted 10 liquid nethanol fromthe =
above- ment i onedwhezetinothe resultankt se@amta%né@tb\)aqq% i dadended dawva

synt hesi s reaction, which distillation tower is described.in
Unexami ned Japabesuspdt §pr AshyOzatisg Baid@sOsomtgiadng methacrolgin, ;o
(Japanese Kokai) No. 58-157740. In another

15 exanmpl.e, a-plurality of
azeotropi c syst GRf FnE gtegm and f°rfEhﬁﬁfqﬁquﬂ?WHQQﬁAQ%ﬁP:gﬁé;uiﬁae
distillation towers_ used I n the t had .of exam Jap se
Patent Appl i cat t6nhthe formaté‘éﬁndpé)ér‘l‘cgpé%e%agﬁﬁyor?L{fazgeargr#e}go}Jlf‘gk ~ Nos.
57-9739 nd 27- 97 r jf4d I woned 20

5 85 peboned faEls W eatllf SRS

azeotropPc syst&

_ & above-rmentioned - “distillation
tower used (for g5 %&Qﬁ%&@%w&mﬁ' Y Grie example, |d Plivkdl 2E¢ISE
cont ai ni ng unreacte I'qui d met hacrol ein and unreacted |iquid
met hanol') in the i are formed NEf thapanesei Padeivn tower
Application Laid-Open Specifica- 25 - tion (Japanese Kokai) No.

58- 157740 (the w@EfRitisparating and obtaining a liquid mixture

containing uﬁreacted liquid methacrolein and unreacted

10 liquid methanol froﬁ the above-mentioned reaction
mixture obtained by the direct ML-to-MMA synthesis
reac%ion, which distillation tower is described in
Unexamined Japanese Patent Application Laid-Open Speci-
fication (Japanese Kokai) No. 58-157740. In another

15 example, a plurality of azeotropic systems are also
formed in the first and second distillation towers used
in the method of Unexamined Japanese Patent Applicatioﬁ
Laid-Open Specification (dapanese Kokai) Nos. 57-9739
and 57-9740. More speéifically, the below-mentioned

20 azeotropic systems are formed in the above-mentioned
distillation tower used (for separating and obtaining a
liquid mixture containing unreacted liquid methacrolein
and unreacted liquid methanol).in the method of Unexam-
ined Japanese Patent Application Laid-Open Specifica-

25 tion (Japanese Kokai) No. 58—157740 (the temperatures



19 I n parentheses show azeotropic points).

met hanol’/ acefone (55.5 [err]C), mat hacr ol ei n/ nmet hanol (58.0
O, wat er/ net hacrolein (63.6 [err]C), 5 met hyl

met hacryl at e/ net hanol (64.5 [err]C), met hyl _

met hacryl ate/water (83.0 C), and met hacrylic acid/ water (99.3
0. Further, when n-hexanel9s used as the saturated 10
hydrocarbon in the method of Unexam ned Japanese Patent Application

Lai d- Open Specification Japaneig Kok%b% . No§.
the bel ow nent | SReBaxeBEPeses show azegtropde PRIPASd +f or med bet ween t he

mai n conponent s of ' étur in the first distillation

the |iqui '
tower (the 15 F&ﬁﬁ@P&%dFE?tP epgﬁghthes $ show azeotropic points).
n- hexane/ met hanol (4%a%hggkgpgkn ethanol (58_dmabqr/n-hexane (61.6
TN

[err] O, acryl ate/ nethanol”“(64.5 [err]C),
met hyl net hacryl at e/ yaiek /metnddreiei®) (6316 °&0, met hacrylic
acid/ water (99.3 O). I'n addition, in the nmethod of

Unexaningd Japanese methyl meftdaitylAtel/methamdll isd-.Goeix)Speci fication
(Japanes Kokai) Nos. 57-9739 and 57-9740, the bel ow nenti oned

azeotropi c systens amethglmme theicrydateyaatexn (B31001C), and
20 _ '

- methacrylic acid/water (99.3 °C).

Further, when n-hexane is used as the saturated
10 hydrocarbon in the method of Unexamined Japanese Patent
Application Laid-Open Specification (Japanese Kokai)
Nos.h57-9739_and 57-9740, the below-mentioned azeotro-
pic systems are formed between the main components of
the liqﬁid mixture in the first distillation tower (the
15 temperatures in parentheses show azeotropic points).
n-hexane/methanol (49.9 °C),
water/n-hexane (61.6 °C),
methyl methacrylate/methanol (64.5 °C),
methyl methacrylate/water (83.0 °C),_and

20 methacrylic acid/water (99.3 °C).

In addition, in the method of Unexamined Japanese
Patent Application Laid-Open Specification (Japanese
Kokai) Nos. 57-9739 and 57-9740, the below-mentioned

25 azeotropic systems are formed between the main compon-

57-9739 and 57=9740,

25



ents of the above-mentioned upper nethanol |ayer in the second

distillation"tower (the tenperatures in paren- - t heses show
azeotropic points). n- hexane/ met hanol (49.9 [err]C), and 5
wat er/ n- hexane (61.6 [err]C). Also, it is possible that the
bel -ow nent i oned azeotropic systens are fornmed between trace

subst ances (such as by-products) 20h each of the above-nenti oned

10 distillation towers (the tenperatures in parentheses show
azeotropi c points). mat hacr ol ei n/ n- hexane (56.1 ;enr]%ﬁ

wat er /i sobut yl :enesyed F@g @b?@ermgytloned upper methanol laye e

met hanol /i sobut yl al deh gle (62.7. [err] [ met hacr ol ei.n

(63.6 [err]C), Second Stll?m:h?v F%ﬁ’at QFBFeFﬁ’BPﬁEﬁEPrE&lB BfreRid

wat er / net hyl |sobut%rate t% ' Therefore, due to the
formation of thER 8P az%@ opic PRitS)ans, when the conditions in

the distillation us tg eRang e.g. when the |nternal
tenperature of . the dns?ef%8¥? gndl Qg 2 Eﬁ Snd

omer anges sever al
centigrades, the conpgéét Rnhggaﬁge(gisglkbqte ~ changes, so that .t
becones %lfflcult to sta (y operate the distillation tower.
Further, trace substances, 21

Also, it is possible that the below;mentiéned
azeotropic systeﬁs are formed between trace substances
(such as by-pfoducts) in each of the above-mentioned
10 distillation towers (the temperafures in parentheses
shbw azeotropic points). |
"mathacrolein/n-hexane'(56.1 °C),
.water/isobutylaldehyde (64.3 °C),
mefhanol/isobutylaldehyde (62.7 °C),
15 - - - water/methacrolein (63.6 °C),
‘ _methyl isobutyrate/methanol (64.0 °C), and

‘'water/methyl isobutyrate (77.7 °C).

Therefore, due to'the.formation of these azeotro-
20 '~ pic systems, when the donditions in the distillation
tower are caused to change, e.g. when the internal
temperature of the distillation tower changes b¥_
several centigrades, the composition of the distillate
changes, so that it becomes difficult to stably operate

25 the ‘distillation tower. Further, trace substances,



such as by-products, enter and are accunmulated in the recycl ed

syst em by azeotropy between the main conpon- ents of the
distillate, so that the conposition of the distillate is caused to
change, leading to an increased 5 difficulty in stable operation of
the distillation tower. For exanple, in the nmethod of Unexam ned
Ja- panese Patent Application La|31Cpen Speci fication

(Japanese Kokai) Nos. 57-9739 and 57-9740, when a trace anDunt of

met hacrolein in the first distjl!lation tomer 10 nder otro
with n- hex:';meI aﬁél‘ctl'ht?lsr u'ml gducts, en tep, And ec afﬁ‘i}#’ﬁﬁ@‘%{f i
subsequent separatlo essel 0 at the
corrp03| (r)lﬁsd i ﬁih \% ?z‘?mg‘[ r‘;j q i qU| }%H"?%oméﬁéébaé&

liquid obtained en’l:s{ hac rﬁéﬁh" el s R ighd ké‘ﬂé/ écﬁ}?d'él.tlo &Pagge, but

also in that the eih accumil &t es separation vesse

so that the Cha'&%ﬂl’li‘é’lﬁa is qausetf%@%ﬁiafﬂ#&‘s .’Egac'h YD &n | A% @feééf]é&“ d

and the | ower layer litquidis a 'ed with the |apse of t

oper a- dil fFL 1Sy iremeabm ¢§eﬂ£ﬁbzdldf I tHd tatsc st pdtooper- 20
ate the &istillation tower. As is apparent fromthe above, in
t he conventi onaltower. Fonraistamisle n ivi e Ispehcd eif Mridwamined Iwsed for
dehy- drating a gas containing nethacrolein gas and steam and

for absorbi ng mudnEse|RatenAppl icateton chabl-pem SpEcificatiemid nixture
(containing Iiquid nmethacrol ei n and

22 | i quitreRReRMITgkah) AfoResST MY anrd RET V4 n WpR ehrtrace

amount of methacrolein in the first distillation tower
10 undergoes azeotropy with n-hexane aﬁd the resultant
azeotropic mixture enters the subsequent separation
vessél, problems arise not only in that the composi-
tions of the upper layer liquid and_the_lower layer
liquid 6btained in'the separation vessel are likely to

change, but also in that the methacrolein accumulates

15
in the séparation vessel, so.thaf the change in the
compositions of the upper layer liquid and the lower
layer liquid is amplified with the lapse of the opera-
tion time, rendering it very difficult to stably oper-
20 ate the distillation tower.

As is apparent from the above, in the conventional
methods in which separated methanol is used for dehy-
drating a gas cohtaining methacrolein gas and steam and
for absorbing methacrolein gas in order to obtain a

25 _ liquid mixture (containing liquid methacrolein and



and a low water content and hence is suitable for use as a
feedstock for the direct M.-to-MVA synthesis reaction, problens
arise not only inthat a large 5 anount of nethanol is necessary, but
also in that the production process for nethyl nethacryl ate
becones conplicated and extensive, and the stable operation of

a production plant for methyl nethacryl ate2Becones difficult.
Thus, it has conventionally been difficult 10 to coomercially carry
out the direct M,-tq-MVA SUMVARY. OF~ THE

| NVENTI ON Tiquid methanqly shigh hae auhigh Sethachol Sl SOReEhi ch

i ses: treat] taini t | ei, : t
by st ng.a denyBPaL FOLPbRBEEY S M, perde {b Hinable for ke O AT
absorption t owerﬁs .tao fterépdrs%ék f_o:i C}:he R{1GRULE Nﬁ:.-q% %@[ (gﬁ‘l'lﬁ{ ganol

liquid m xture having a w wat er content; and 1'ntroducing the
met hacr ol ei n/ ; tHidlend Ybikdn lhlvtih adhfXigdatd

esterifica- 20reaCtltoir{dm;1 reactetgr{ré '?40*l %#enrdegbﬂ; &B‘elr%]or m t he di rec%@eIVL- t o- MVA
synt hesi g react iggidbunit) @£ MRSMENS NN e dBuisy Maslee also in thd€enshee and
I ntensi vé studies with a view toward - devel opi ng an i nprovenent in
whi ch a net hacr greidiiction procesd Bowlmdthpli dnethdareldize ibecomds only a

| ow wat er 25 content but also a high nmethacrol ein content can be

23 obtcmimpdd,cased eatd tentetessivend ansd Hshe mtakile Wparation of

be produced with high efficiency and high stability.
a production plant for methyl methacrylate becomes

difficult. Thus, it has conventionally been difficult

10 to commercially carry out the direct ML-to-MMA process.

SUMMARY OF THE INVENTION

In this situation, with respect to a method which
comprisés: treating gas (a) containing methacrolein gas
15 and steam by using a dehydration tower, followed by a
treatment by using an absorption tower, to thereby
prepare a methacrolein/methanol liquid mixture having a
low water content; and introducing the methacrolein/
methanol liquid mixture into an oxidative esterifica-
20 tion reactor to thereby perform the direct ML-to-MMA
synthesis reaction, the present inventors have made
extensive and intensive studies with a view toward
developing an improvement in which a methacrolein/
methanol liquid mixture having not only a low water

25 content but also a high methacrolein content can be



As a result, it has unexpectedly been found that, by using a

met hod Conprising: introducing the above-men- 5 tioned gas (a) and a
liquid mxture (I) containing ~liquid nmethacrolein and Iiquid

met hanol into a dehydra- tion tower at a | ower portion thereof and
at an upper portion thereof, respectively, thereby allow ng the
liquid mxture (lI) to flom/domnmardly and 23ntact 10 countercurrently
with the gas (a), to thereby obtain a dehydrated gas m xture (b)
cont ai ni ng net hacrol ein gas and net hanol gas; and |ntrodUC|ng t he
dehydr at ed gas obtained,nisa dhay l#}‘eatﬂfsé-HQ%m%hﬁ Mgy Lats (R ng
liquid nmet hacrolein and | UId nmet hanol |nt?1 qlabs {ijon
tower at a | owePepBrodneach diddy AEHCIfNRY gyt high sta %ﬁYIhereof
respectively, sq that thg_nethag{oleln as which

are contained i ':fa?slqu;ﬁ%ﬂ (I.PC(%}E& r%'%%s %ed by
t he | d t t t ha-
20e ! qUIcr ol ei n)“ﬁé‘f’ﬁ?n)(;lm iqul 5‘) péiﬁ&{"%&oﬁﬁ%r%a ﬁ\eoréﬁfd&’& ﬁ?el{re nl 3 a
| 'ow wat er conteqy ity ‘aég)Géﬂ‘éﬂhrgﬂﬂiﬁﬁfﬁ‘ﬁikture (1) éﬁK%éiﬂln@“d that

therefor®, by introducing the ITquid m xture (I'l'l') into a r eact or

to performthe @ﬂdﬁﬂd|Hethacroleintéh&mﬂidﬁﬁﬁrﬁéﬂﬁhﬂdﬁ“iﬁﬁ&‘arﬁiﬁyara- _
nmet hacryl ate can be produced in high efficiency. Further, it has

al so tion tower at a lower portion theieof and athmX@ppéﬁdly
been found that, by recycling a liquid m xture (IV) containing-
i qui d net hacr olpeirtisnd thepeaf, respectietdignol tiesdehsh akloeing athel from
the reaction mxture
liquid mixture (I) to flow downwardly and contact
10 countercurrently with the gas (a), to theréby obtain a
dehydrated gas mixture (b) contaihing methacrolein gas
and ﬁethanol gas; and introducing the dehydrated gas
mixture (b) and a.liquid mixture (II) containing liquid
methacrélein and liquid methanol into an absorption
15 tower at a lower portion thereof and at an upper por-
tion thereof, respectively, so that the methacrolein
gas and methanol gas which are contained in the de-
hydrated gas mixture (b) is absorbed by the liquid
mixture (II), it becomes possible to provide a metha-
20 crolein/methanol liquid mixture (III) which has not
only a low water content but also a high methacrolein
content, and that, therefore, by introducing the liquid
mixture (III) intq.a reactor to perform the direct ML-

to-MMA synthesis reaction, methyl methacrylate can be

25 produced in high efficiency. Further, it has also



obtai ned by the direct M-to-MVA synthesis reaction) as 5 the liquid

m xture$ (1) and/or (l11), the production of met hyl nmet hacryl ate
can be performed wi thout using " apparatuses for the separation of
and recycling of met hanol al one, which are necessarily used in the
conventional nmethods. This is advantageous in that the 10 I mpr oved
production nethod is free fromthe troubl es 24 caused by the use of

t he above-nenti oned appar at uses for the separation of and
recycling of methanol alone, so that the desired nethyl, . =

net hacryl ate can 4&?§F%GM@GHY been found bhat, ThE EFE?E&F“Hn?eiPﬂHﬁdhas
been nmade, based on ese novel findi

Accordingly, it |@§%F$F?nﬁFV)oﬁ?@E?iB+n9héiﬁPéaeﬂFthacroleiniﬁ@gn}ﬁﬁﬁﬁﬁ)

d thod fo t h
rovi de a ot hacrBPERRRS tﬁzﬁ%?ﬁe-’-sysemr?tad SR Ehel wRaBthl LA
M.-t o- MVA th | AV
Vow vater e bBgafieg by, HARCHA8en L RoLb EyRCHELIS BRacH] S’“C’na’éé
whi ch, theref Ore1tﬁé”19&ui‘ﬁvﬁﬂk€£l§8§5k!)Uéﬁé/iﬁr (119, the prod¥icdti®n of

M.-t o- MVA3synt hesi's reaction, so that sired nethyl

nmet hacryl ate can ﬁ@tﬁ&@dﬂéeﬂaékﬁmhfeaaénlBe performed G thicute Uity
25 The foregoing objects, features and advant ages of

the present invenigpparathbebefappthenkepasatiba bd lamd recycling iofy
detail ed description and appended clains taken in : connection wth
the acconpanyi ng slethangd. alone, which are necessarily used in the
conventional methods. This is advantageous iﬁ that the
10 improved production method is_freg from the:troubles
caused by the use of the above-mentioned apparatuses
for %he separation of and recycling of methanol alone,
so that the desired methyl methacrylate can be produced
stably.' The present invention has been made, based on
15 these novel findings.

Accordingly, it is a primary object of the present
invention to provide a method for producing methyl
methacrylate, which can provide a methacrolein/methanol
liquid mixture for the direct ML-to-MMA synthesis

20 reaction, which liquid mixture has not only a low water
content but also a high methacrolein content, and
which, therefore, can be advantageoﬁsly used for the
direct ML-to-MMA synthesis reaction, so that the def
sired methyl methacrylate can be produced stably and in

25 high efficiency.



5 BRI EF DESCRI PTI ON OF THE DRAW NGS In the draw ngs:

Fig. 1 i's a diagram showi ng an exanple of a system for practicing
t he met hod of the present invention; 10 Fig. 2 is a diagram
showi ng an exanple of a system used in the conventional nethods for
conti nuously performng the direct M-to-MVA synthesis reaction
wherein methanol is separated and recovere2Sfromthe reaction

m xture obtained by the direct M.-to-MVA 15 synt hesi s reaction; and
Fig. 3 is a diagramshow ng an exanple of a sepa- ration tower
usabl e i n the nmethodThe tHeregcdsehobjertis, features @ngh gdhraniaasstehg

met hacrol ein and_net hanol fromthe . reaction mxture obtaiqgg by
the direct M-t&heveRresgnt invephiansivwillehe aRpamenthdma® B FA Y7 qui d

m Xt ure B

| V). o Description of Reference Nunerals .
A Quenchi ng lig\ge,de'bgg.led degcri Fé’t‘f apqed}%& claims taken in

26 C Absor.ntion .t I D . Dytect. M-to-MVA synthesis
react or cI?nneclﬁTOé'hﬁletg‘V\%el}% R RRR r?a r% o Loner F
Unreacteg nmet hanol separation tower 5 G Phase separation vessel

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings: |

Fig. 1 is a diagram showing an eiample of a system
for practicing thé.method of fhe present invention;

10 ' Fig. 2 is a diagram showing an example of a system
used in the conventional methods for continuously
perférming the direct ML-to-MMA synthesis reaction,
whérein methanol is separated and recovered from the
reactioﬁ mixture obtained by the direct ML-to-MMA

15 synthesis reaction; and

Fig. 3 is a diagram showing an example of a sepa-
ration tower usable in the method of the present inven-
tion for separating methacrolein and methanol from the
reaction mixture obtained by the direct ML-to-MMA

20 . synthesis reaction to thereby obtain a liquid mixture

(IV).

Description of Reference Numerals
A Quenching tower

25 B Dehydration tower



H Unreact ed nmet hanol recovering tower J Separation tower for
separati'ng a liquid mxture containing liquid nethacrol ein and

| i qui d nmet hanol from a reaction mxture obtained by the direct
M.-to- MVA 10 synt hesi s reaction -1 Gas [gas (a)] containing
met hacrol ein and steam 2,2' Quenching water 3 Wast e
wat er 4 Partially dehydrated g26 containing nethacrolein 15
and steam which has been cool ed and partially de- hydrated in
guenching tower A 5 Liquid m xture (I) containing liquid =

met hacrolein C Abserptiem dowerhanol [which may be a liquid mixture

(v (containing liquid nethacrolein and liquid nethanol) 20
obt ai ned by sep&ati %%@_—r%mfbﬁym%@ (ﬁﬁaﬁ‘ﬂﬁj by the
direct M-to- synthesi s reacti.on . 6 Separ d water
7  Dehydrated das rﬁ@ﬁﬁﬁﬂ$ﬁﬁ§?Wﬁﬁh%ﬁﬁﬂ%ﬁ}ﬂnﬁﬁ%ﬁﬁﬁﬁ%§ﬁ1égé%r gas and
nmet hanol gas 2 | Ul ), X1.Ur, . I ng |iquid nethacro-
27 I-ei%n an qle€ﬁ%%%§£ﬁ%\%%é4%1%bmj&%d to the - -
direct M.-to- MV Syntiesis JBalldin vessel 9 Liquid mxture (I1)
and

cpntainiﬁg i quid nmethacrol ern o nd |iquid methanol [which may be a
liquid mxture V) tUnreactdd A @dHIWY ddsbiel iy Neswerr ein and liquid

met hanol ) ~obtained by separation froma reaction m xture obtained
J Separation tower for separating a liquid mixture
containinglliquid methacrolein and liquid methanol from
a reaction mixture obtained by the direct ML-to-MMA
10 synthesis reaction

1 Gas [gas (a)] containing methacrolein and steam

2,2'"Quenching water

3 Waste water
4 Partially dehydrated gas containing methacrolein '
15 and steam, which has been cooled and partially de-

hydrated in quenching tower A
5 Liquid mixture (I) containing liquid methacrolein
and 1iquid methanol [which may be a liquid mixture (IV)
(containing 1iquid methacrolein and liquid methanol)

20 obtained by separation from a reaction mixture obtained
by the direct ML-to-MMA synthesis reaction]
6 -Seﬁarated water
7 . Dehydrated gas mixture (b) containing methacrolein
gas and methanol gas |

25 8  Liquid mixture (III) containing liquid methacro-



by the direct M-to-MVA synthesis reactlon] 10 Vent-gas

11 Mol'ecul ar oxygen (which may be nol ecul ar oxygen 10 itself or a
nol ecul ar oxygen- cont ai ni ng gas) 12 Vent-gas 13

Reaction m xture obtained by the direct M-to-MVA synt hesi s
reaction 14 Liquid m xture containing |iquid nethyl netha- 15
crylate and |liquid nethanol - 15 [2wv boi l i ng poi nt by-products

16 Liquid m xture containing recovered |iquid metha- crolein and
| i qui d net hanol ' 17 Crude nethyl nmethacrylate 20 18 =
Azeot r opi ¢ ni xtlednoandelbgubd methanch- C8h§§buis subjectedatted thedr ocar bon
19 C6- C8 saturated hydrocarbon Recxcled | i qui d conposed

mai nly of C6- Cﬁd%E%GF kgto-MMA SYnﬁ?&FbEaFGGﬁti ch is the upper layer in
phase separ a- I Qn vess

28 21 €1 qui ELEBHBORLACHRRN( § 131 CRBEALASAS Mt ethecrolein
I I 22 R d h
23" Azeot s opi ¢ rRREUTLIGRanReRARBP Lok ko ey bey & 1iguid nipEs 1Y)

%r ocarbon  (contaffihhi¥ifulh¥hitRabeBidiR Bhd 19dld e RHanEl)N-

ocbtained by separation from a reaction mixture obtained
by the direct ML-to-MMA synthesis reéction]
10 Vent-gas | |
11 Molecular oxygen (which may be molecular oxygen

10 itself or a molecular'oxygen-contéining gas)
12 Vent-gas
13 "Reaction mixture obtained by the direct ML-to-MMA
synthesis reaction |
14 Liquid mixture containing liquid methyl metha-

15 crylate and liquid methanol
15 Low boiling point by-products
16 Liquid mixture containing recovered liquid metha-
crolein and ligquid methanol
17 Crude methyl methacrylate

20 18 Azeotropic mixture of methanol and a Cg-Cg satu-
rated hydrocarbon _
19 Ce-Csg saﬁurated hydrocarbon .
20 Recycled liquid composed mainly of Cg-Cg saturated
hydrocarbon, which is the upper layer in phase separa-"

25 tion vessel G



25 Liquid mxture (IV) containing |iquid nethacrolein and liquid
met hanol” 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
According to the present invention, there is provi ded a nethod for
produci ng et hyl met hacryl ate, whi ch conprises: 15 (1)
subj ecting at |east one starting nmateri al sel ected fromthe group
consi sting of isobutylene and t erd8 put anol to a gas phase

catal ytic oxidation reac- tion with nolecul ar oxygen in the

PLEReee o ST nagysa,cobShalomb IR BB WRLehOTy R

dei e gas

(a) and a quwgower EaYan}B 8h8§% %F Qt% hngesggﬂ'& nethacroleln and

| i qui d net hanol omer a | ower portion

t hereof and Rgé?@grg p gtBQPFion thereof ‘respectively, thereby 25
allowing the I|i qU|d m X om1domnmard|y I n

29 t hgadehydeati-8pi EORR ktaRe Qenh@%aa@untaﬁac ar r:%nt:i Y sl
the gas (a) in the dehydration tower, so that the uid m xture

(1) is gaS|f|edrgeeahgyahﬁcggaghate a ©gas mxture (I') cont ai ni ng
met hacrof ei n gas and net ha- nol gas while causing the steam

contai ned in the4gasLiquid mixfayret ecobtadmisgndddutid meshelly metbdirce wat er,
wherein the produced water is discharged froma bottom portion of
t he dehydrat|oncrwﬂetet@nﬂh®a¢bf

25 Liquid mixture (IV) containing liquid methacrolein

and liquid methanol

10 :
DETAILED DESCRIPTION OF THE INVENTION

"According fo the present invention, there is
provided a method for producing methyl methacrylate,
which cémprises:

15 (1) subjecting at least one starting material
selected from the group consisting of isobutylene and
tert-butanol to a gas phase'catalytic oxidation reac-
tion with molecular oxygen in the presence of a cata-
lyst to thereby obtain gas'(a) cohtaining methacroleip

20 gas and steam; |

(2) introducing the gas (a) and a liquid mixture
(I) containing liquid methacrolein énd liquid methanol
into a dehydration tower at a lower po;tion thereof and
at an upper portion thereof, respectively, thereby

25 allowing the liquid mixture (I) to flow downwardly in



dehydrate the gas (a), while withdrawing the resultant 10 dehydr at ed
gas (a') containing the nethacrol ein gas, together with the gas

m xture (I'), from an uppernost portion of the dehydration tower
in the formof a dehydrat ed gas m xture (b) containing

met hacr ol ei n gas ' and net hanol gas; 15 - (3) introducing

t he dehydrated gas m xture (b) and 2% liquid mxture (11) containing
| i qui d nmet hacrol ein and liquid nmethanol into an absorption tower
at a | ower ~ portion thereof and at an upper portion thereof, re- .
spectively, thetbeydehydwatdonh&owesu aadrrpmmast( counterouyrently [whih
downwardl y and contact countercurrently with dehydr at ed gas

m xture (b) in the @BSolpDi 4R ﬁbﬁeﬂehYdrati°n\M%M%thﬁﬂﬂ?hqanQFrnxture
(I'l) is introduced in an anbunt sufficient to absorb substantial ly

all of the llq“1ﬁePH§EP6Fbﬁﬁ)g&§ Hﬁ%%b SRy 9¢ ft ai ned
25 in the dehyd ur.e Lua sub _
30 oL gne B P‘&um ' Feraahibe, mathsTo1eth BK, ang e
of the dehydratg gbtafggE#H§tﬁ%ﬁbﬁgkmp%6ﬂyélned ﬁﬂ|ﬁ3ér§%,|qUid

m xture $11), m xt ure tai ni ng

i qui d_met hacro'(ﬁ')nt@:n‘il)é Biidbnsba to REIprddldatkdy, v thdraval o

the liquid mxture (rrr) froma botton1port|on of the absorptlon
tower; and ywherein the pricdluded hftied NG tdisond i@ Wrdm i d

m xture (I11) into an oxidative esterification reactor and :
subj ecting 'bottom portion of the dehydration tower to thereby

dehydrate the gas (a), while w1thdraw1ng the resultant

10 dehydrated gas (a') contalning the methacrolein gas,

| together with the gas mixture (I'), from an uppermost

portion of thé.dehydration_tower in the form of a
dehydrated gas mixture (b) cohtaining methacrolein gas
and metbanol gas; | | N

15 (3) introdﬁcing.the dehydrated gas mixture (b) and
a liquid mixture (II) containing liquid methacrolein
and liquid methanol into an absorption tower at a lower
portion thereof and at an upper portioﬁ thereof, re-
spectively, thereby allowing the liquid mixture (II) to

20 flow downwardly and contact countercurrently with the
dehydrated gas mixture (b) in the absorption tower,
wherein the liquid mixture (II).is introduced in an
amount sufficient to absorb substantially all of the
methacrolein gas and methanol gas which are contained. i

25 in the dehydrated gas mixture (b), thus‘causing sub-



10 .the nethacrolein and net hanol, which are contained in t he
liquid mxture (I11), to an oxidative esterifica- tion reaction in
the reactor in the presence of nolecu- | ar oxygen and in the
presence of a palladium catalyst, to thereby produce nethyl

nmet hacrylate in the formof a 15 - reaction m xture containing nethyl
net hacryl ate, water, net hacr ol ei n 3fhd met hanol . _ For
easy understanding of the present invention, t he essentia

enurer at ed bel onFanti8TEP aTT 6% Phel 8 craprpraant oaY sechEHRERRE i
whi ch ' ; . j ect SRA 4
stgfting naterié?ngéésaghydggFggtgasfpéﬁF%%g Sﬁgtgghgﬁgfg%PLg ofl(?ﬁﬁJ

i sobutyl ene andghe 1iquid mizture (II), to thereby obtain a3liquid
tert-butanol to a gas phase catal ytic oxidation réeac- lon with

nol ecul ar oxygegikeukBe (Rreyeaeftainingalidguid methadrtileiind dn@enakyuie@t ai n
gas (a) containing nethacrolein gas and steam 5 (2)

i ntroduci ng themgghahoa)l,afdlaowequbg wiithdrawal of the( Diqudmd aiindtuyd i quid
met hacrol.ein and |iquid nethanol into a dehydration tower at a
| ower portion thELEN £zpm a bottom goridomppeds ther ebserpitdicgnftower;
respectively, thereby allowing the liquid mxture (1) to flow
downwardly in @pd t he dehydration tower and contact countercurrently
wth - . _
(4) introducing the withdrawn liquid mixture (III)_
into an oxidative esterification'reactor and subjecting .
10 the methacrolein and methanol, which are contained in
the liquid mixture (III), to an oxidative esterifica-
tion reaction in the reactor in the presence of molecu-
lar oxygen and in the presence 6f a palladium catalet,
to thereby produce methyl methacrylate in the form of a
15 reaction mixture containing methyl methacrylate, water,

methacrolein and methanol.

For easy understanding of the present invention,
the essential features and wvarious embodiments of the

20 present invention is enumerated belowm

1. A method for producing methyl methacrylate, which
comprises:
(1) subjecting at least one starting material

25 selected from the group consisting of isobutylene and -



the gas (a) i,n the dehydration tower, so that the liquid m xture
(I') is gasified to thereby generate a gas m xture (1') containing
nmet hacr ol ei n gas and net ha- nol gas while causing the steam
contained in the gas 15 (a) to be condensed to thereby produce water,
wherein the produced water is discharged froma bottom portion of
t he dehydration tower to thereby 3Ilehydrate the gas (a), while

wi t hdrawi ng the resultant dehydrated gas (a') containing the

met hacrol ein gas, = 20 - together with the-gas mxture (1'), from an
upper nost tertpbutanal otot Acgashpbaaei eatadusici axidationmrers
dehydrated gas m xture (b) containing nethacrolein gas and

met hanol gas; tion with molegulag: pEYgERndnt kBedBRPERRCEICGad Mure (b)

and 25 aliquid mxture (1] ontaini,ng liquid nethacrolein, .

3 andLYPhuFa FAeHaRE OPhabRaaatns Bl pPPieLonBD Be RerRdein
portion thereof_and a% aﬁ upper portion thereof, re- spectivel y,
t her eby allomﬁn%a§h3n ia Pa i xture (Ir) to : fl ow downwardly and

cont act éountercurrepéByiﬂ&%Q?g?%n?hghﬁiaageyggrghadag?ﬁ?gﬁétmwi in the

absor ptibn tower, urd m'xture ( I'ntroduced in

an ,a”DUUi)SEEBESiﬁEﬁ?tQi&ﬁi@?ﬂe&ﬁﬁ&&é&hkﬁ!Eﬁdah&qﬁﬁdtm%thanol
met hacr ol ei n gas and met hanol' gas which are contail ned in the

dehydrated gas ghibuaedéhydrhRidnCButeR0atul- lower portiadf! ihidrecd lard the
met hacr ol ei n gas and net hanol gas of the dehydrated gas m xture (b)
to be absorbed astan upper portion thereof, respectively, thereby

.allowing the liquid mixture (I) to flow downwardly in.

10 the dehydration tower and contact countercurrently with
the gas (a) in the dehydration tower, so that the
liquid mixture (I) is gasified to thereby generate a
gas mixture (I') containing methacrolein gas and metha-
dol gas-while causing the steam contained in the gas

15 (a) to be condensed to thereby produce water,

L wherein the produced water is discharged from a
bottom portion of the dehydration tower to thereby
dehydrate the gas (a), while withdrawing the resultant
dehydrated gas (a') containing the methacrolein gas,

20 together with the gas mixture (I'), from an uppermost
portion of the dehydration tower in the form gf a
dehydrated gas mixture (b) containing methacrolein gas
and methanol gas;

(3) introducing the dehydrated gas mixture (b) and

25 a liquid mixture (II) containing liquid methacrolein



the liquid mxture (Il), to thereby obtain a liquid mxture (I11)

containing liquid nethacrolein and liquid nmet hanol , foll owed by

wi t hdrawal of the liquid mxture 15 (111) froma bottom portion of

t he absorption tower; and (4) introducing the
withdrawn liquid m xture (I11) into an oxidative esterification
reactor and subjecting the met had®l ein and met hanol , which are
contained in 20 the liquid mxture (I'11), to an oxidative esterifica-

tion reaction in

of N
and in the pres@f e ﬁugﬁtﬂ?F ﬁPﬂﬂ1é§%§? Cgb orgekgﬁutoweﬁe Peby 6?% gﬁggen
met hyl ”Ethacf§+8%€lbﬂ §R8r£8§”£8& gt a?hagyereﬁéﬁEkgﬂ Ehikibe, capLai ning

nethyl'nethacr n and net hanol

33 eéhgvaeyhOéhafaeydamﬂoaengteﬁéllaaqxa,mwheneen<qu) to
| east one I|qU|d m xture” Sel ected” fromthe group con- sisting of

the Iiquid m xtegreq &bwnaaddily! andsconkhéyi Bountercurrently’ witthV)ithe
~containing liquid methacrolein and liquid 5 nmet hanol , wherein the

l'i quid q%xture dehydratelit gaseslixture (b)binstperabsomptuomlwaemeactlon
m xt ure Obtai ned by the ' oxi dative esterification reaction.

3. The net hodwhereddi thet diguéd migtuzealfdia, iﬁhén@rnduggd in amhe
contact of the liquid mxture (1) with the gas (a)

dehydration towamopstcsufficienkt te abspebasuybs antlallY’éﬂlfﬁgmtﬁ?to 60

[err] C under a pressure_of fromO0.2 to 3.0
methacrolein gas and methanol gas which are contained

in the dehydrated gas mixture (b), thus causing sub-

10 stantialiy al; of'the methacrolein gas and methanol gas
of the dehydrated gas mixture (b) to be absorbed into
the liquid mixture (II), to thereby obtain a liquid
mixture (IILI) containing liquid methacrolein and liquid
methanoi, followed by withdrawal of the liquid mixture

15 ~ (I1I) from a bottom portion of the absorption tower:;
and | _

(4) introducing the withdrawn liquid m;xture (III)
into an oxidative esterification reactor and subjecting
the methacrolein and methanolr which are contained in

20 - the liquid mixture (III), to an oxidative esterifica-

| tion reaction in the reactor in the presence of molecu-
lar oxygen and in the pfesence.of a palladium catalyst,
to thereby produce methyl methacrylate in the form of a
. reaction mixturé containing méthyl_methacrylate, water,

25 methacrolein and methanol.



kg/cnferr] . 15 4. The nethod according to any one of itens 1 to 3
above, wherein the contact of the liquid mxture (I1) with the
dehydrated gas m xture (b) in the absorption tower is conducted at
a tenperature of from-25to 10 [err] C under a pressure of from
0.2 to 3.0 kg/cn{err] 20 5. The net hod according to any one of
itemrs 1 to 4 above, wherein the 1B8uid mxture (1) is introduced
into the dehydration tower in an amount of from 10 to - 500 g per
Nnf err] (mhereln the N8 neans nB8 as neasured 25 under the norma
conditions, i.eZ2. at Thg eetiodmigording to item 1 above, wherein at

34 atn1) of the gas (a). The met hod according to

any one of itens€PgYH ape liquid Qﬂﬁﬁﬂ?e\ﬂﬂ%QQ??qfﬁ?qm(ﬁhﬁigﬁg&Qw%P?Tl) i s
nt r oduced nto h orptjon, tower i of fromb50,to0
I1000 guper N8 I etiﬁgsirfﬂg?ré‘?f‘é‘ °Tﬁ3| «ﬁi’a‘{m(%) 1S/ q‘f:h‘i
' | dit 0] G { t R
ot S b e ok oo oy o
of itens 1 to 6 thanol . 33& é”fié?%?’ éJyél %g 4!) and.
3 L Ie|n and | B

(rn) pendent 'y conjtaln Hacr o
by separation from the reaction mixture obtained by the

oxidative esterification reaction.

3. The method-éccording to item 1 or 2 above, wherein
10 the contact of.thedliquid mixture (I) with the gas (a)

in the dehydration tower is conducted at a temperature

of.f;om 10 to 60 °C under a pressure of from 0.2 to 3.0

kg/cmz.

15 4. The method according to any one of items 1 to 3
above, wherein.the contact of the liquid mixture (II)
with the dehydrated gas mixture (b) in the absorption
tower is conducted at a temperature of from -25 to
10 °C under a preésure of from 0.2 to 3.0 kg/cmz.

20
5. The method according tp any one of items 1 to 4
~above, wherein the liquid mixture (I) is introduced
into the dehydration tower in an amount of from 10 to
500 g per Nm3 (wherein the Nm3 means m3 as measured

25 under the normal conditions, i.e., at 0 °C under 1



met hanol in anmounts of 5 to 60 % by weight and 40 to 95 % by

wei ght, respectively, based on the respective 15 wei ght of the liquid
m xtures (1) and (I1). : 8. The net hod according to any one of
items 2 to 7 above, wherein the liquid mxture (1V) further

cont ai ns met hyl nethacrylate in an anount not exceeding 25 % by
20 wei ght, based on the weight of th4iquid mxture (1V).

9. The net hod according to any one of itens 1 to 8 . above,
wherein the content_of the liquid pethacrolein inthe liquid
mxture (111) iRt bneHsthe %@596%§ 25 wei ght, based on the weight of
the liquid mxture 35

(rrr), and the meight ratio of the liquid nethacrolein to the

liquid methanolgin t@ﬁe'ﬁ&EﬁQd”&é&&f&**&'%& éﬁy one of 19eﬁ§ 10¢8- 5 >

Her ei nbel ow, the present Tnventron w cribed iIn deta|

The defi ni ti onsyphyd heyhepuid Ehétﬂigé élﬁlxéﬁfé (II) is lnéfbﬂhcéad ('V)

are given bel ow. Liquid mxture (I): liquid mxture

containing 10 jpto th8UaBs6BHBH6HOLEWEraLd hnqamduﬁetbﬂnﬁkomMBOCho in the
met hod the present invention, is |ntroduced into a dehydrati on

tower at an uppeoo@oO§t pen Nh%rewﬁefein the Nm° melansrafi ag geas(apd
cont ai ni ng et hacrol ein and st eam
under the normal conditions, i.e., at O °C under 1

atm.) of the dehydratéd gas mixture (b).

10 7. The method according to any one of items 1 to 6
above, wherein each of the liquid mixtures (I) and (II)
indeﬁendently confains liquid methacrolein and liquid
methanol in amounts of 5 to 60 % by weight and 40 to
g5 % by.weight, respectively, based on the respective

15 weight of the liquid mixtures (I) and (II).

8. The method according to any one of items 2 to 7
above, wherein the liquid mixture (IV) further contains
methyl methacrylate in an amount not exceeding 25 % by

20 weight, based on the weight of the liquid mixture (IV).

9. The method according to any one of items 1 to 8
above, wherein the content of the liquid methacrolein
in the liquid mixture (III) is from 25 to 69 % by

25 weight, based on the weight of the liquid mixture



This liquid mxture (1) may be the bel ownentioned 15 liquid m xture

(rvy. Liqguid mxture (I1): aliquid m xture containing

| i quid nethacrolein and |iquid nethanol, which, in the nmet hod of
the present invention, is introduced into an absorption tower at
an upper portion thereof for ab- 20 sorbing the nethacrol ein gas and
met hanol gas which are cont ai ned i3b dehydrated gas m xture (b)

cont ai ni ng nmet hacrol ein gas and nmethanol gas. This liquid mxture

(1) may be the bel ownentioned |liquid m xture glv&u .. Ligui d
mxture (111): 6ITFyui andi tharweightaratidg ofsthe ligudd RefPacXolSidi n and
| iquid methanol, which, in the . . .

36 met B@athe LhguiteBekhapAlcini She tiddmizFusse LHTdw. is

ing the above-nﬁnﬁ%ogedzkéquid m xture (I1) (containing - liquid

net hacrol ei n ang* PP qtiPd thanol) to absorb the nmet hacr ol ei n gas
and net hanol gas which are contai ned in dehydrated gas mixture (b)
in the absorption tower, wherein this liquid mxture (I11) is

withdrawn fromthe poresnpBPbLOMAR biralefl HRGARIMPIWIAN bAEfe- and

then, uskd as a %gggstock Pgr t he above-nentioned oxi dative ester-
ification reactggpibbfeidi geehil,-t o- MVA synthesis 10 reaction).
Liquid mxture (I1V): a liquid mxture containing liquid
met hacrol ein and | i quhd gefhaieionshoEh then ltilgmid mixturemei(lod dfIlhe
present invention, is obtained by separa- tion froma reaction
m xture (contai QCLEJ)mandy IN9t bre given below. :
Liguid mixture (I): a liquid mixture containing
10 liquid methacrolein and liquid methanol, which, in the
method of the preseﬁt invention, is introduced into a
dehyération tower at an upper portion thereof for
dehydrating gas (a) containing methacrolein and steam.
This liquid mixture (I) may be the below-mentioned
15 liquid mixture (IV).
- Liquid'mixture (IX): a liquid mixture containing
liquid methacrolein and liquid methanol, which, in the
method of the present invention, is introduced into an
absorption tower at an upper portion thereof for ab-
20 sorbing the methacrolein gas and methanol gas which are
contained in dehydrated gas mixture (b) containing
methacrolein gas and methanol gas. This liquid mixture
(II) may be the below-mentioned liquid mixture (IV).

Liquid mixture (III): a liquid mixture containing

25 liquid methacrolein and liquid methanol, which, in the



15 crylate, water, methacrolein and nmethanol) produced by t he

above- nenti oned oxidative esterification reaction (the direct
M.-t o- MVA synt hesis reaction). This liquid m xture (1V) can be
recycled and introduced into the dehydration tower at an upper
portion thereof as the 20 above-nmentioned liquid mxture (1) and/or
into the absorption tower at an updler portion thereof as the
above-nmentioned liquid mxture (I1). In the nmethod of the

present invention, first, at Jeast one startin terial .sel~ected
from the group mgthod °chﬁ§i§FPﬁ§“§f1P§@HGF§PEnésaégthFEEbgpéﬁ&lqﬂf

subj ect ed . _ . . 37 t gas
phase catal yti ciBgi ¥he Grovesmenkiones, Ligudd mixture (Rﬁ%u(%%aﬁﬁiﬁan t he
presence of a catal yst tq.thereb . ' (@) el

met hacr ol ei n gagi_%‘é%sf"? adZolélin a%_ﬁqrug'?:)g&%}%%%t]ﬁe)ﬁq I(yt}}sst%rrgit %’ee

et hod for prepgile diein oIS ) mAhAR Y¥d Wl FPLRU BSOS e
from VAT 0US TComventd onal et hods Next, the

obt ai ned_gas (a)a-t AR dNgdd il dtire (b) in tHYEHJUiiddiWdher,
met hacrorfei n an 8 I qurd net hanol are I ntroduced into a dehydratlon

tower at a | owekynRidiidRthikd 1iquid hfeRiraaNd 1) as Wittidgawr | fron hetteeof
respectively, ‘thereby all owng=t1quid mxture (1) to flow
downwar dl y ' bottonn gdrecidah i athieo rakismmpt iaond toovem,c targd urttesr,c wsasht | y
with the gas (a) in the dehydration tower, so that the l'iquid
mxture (1) is gesid ifepdsradierfsny Yenatavwe-mentioned oxidative ester-
ification reaction (the direct ML-to-MMA synthesis
10 reaction). | |
_ Ligquid mixture (IV): a liquid mixture containing
liquid.methacrolein and liquid methanol, which, in the
-method of the present invention, is obtained by separa-
tion frém a reaction mixture (containing methyl metha-
15 © - crylate, water, methacrolein and methanol) produced by
the abdve—mentiOned oxidative esterification reaction
(the direct ML-to-MMA synfhesis reaction). This liquid
mixture (IV) can be recycled and introduced into the
dehydration tower at an upper portion thereof as the
20 above-mentioned liquid mixture (I) and/or into the
absorption tower at an upper portion thereof as the
above-mentioned liquid mixture (II).
In the method of the present invention, first, at

least one starting material selected from the group

25 consisting of isobutylene and tert-butanol is subjected .



15 ,gas mxture (1') containing nethacrolein gas and netha- nol

gas. \Wen the above gasification occurs, the steam : contained in
the gas (a) is deprived of the |atent heat of vaporization, so
that the steamis condensed and - separated fromthe gas (a). The
resultant water flows 20 downwardly in the dehydration tower and is
W t hdr awn fromthe bottomof the d&hydration tower as a separated
water. As a result, the gas (a) is dehydrated to t hereby obtain a
dehydrated gas (a') containing the nmet hacr ol ei.n gas,, ,\uhi. '

ch is
wi t hdr awn t oget Ifer anges phasepgatalytdgs oxidafion repg S Hp efisst
portion of the

3
dehydration t owdlaFn OENgeRo iR She, preselcs &f gsatalyst tomqin%ﬁeebif b)
t ai ni h l,ei d | . : Th
contal 1 0 el e TRISIR, wcnaceoilEh g o,

used in the net of _t e ' | ﬁégg/ I onal
distillation to&gs:,h reslg’%&r %Z’u%%leagléuaté{dﬂ%%mﬁ%i% OVJ\EIF&, can
be used. Velan APMARAIERE Mildida Wiy Wb ichddid ogtsed into

t he dehyﬁrationgﬁggg%9'iénhn easFF?'poLynerizag¥%? 10 conmpound, it is
preferred to usgadilitelcdtdritdchal methodsstructure such that the clogging
with the pol ynerized products does. not occur or a structure such

t hat, even weatt ! vhe lodggiingdridas t(ee) mrid/ rerquiet] np:oduos s( Dxcur s,

the polynerized products can be easily renoved. Spe- 15 cific
exanpl es of dehyxretdioving ddrgpiiidhalathacrqiledre and liquid methanol are

introduced into a dehydration tower at a iower portion
10 thereof and at an upper portion thereof, respectively,
thereby allowing liquid mixture (I) to flow downwardly
in tﬁe dehydration tower and contact countercurrently
with the gas (a) in the dehydration tower, so that the
liquid mixture (I) is gasified to thereby generate a
15 gas mixture (I') containing methacrolein.gas and metha-
. nol gas. When the above gasifiéation occurs, the steam
contained in the gas (a) is deprived of the latent heat
of vaporization, so that the steam is condensed and
separated from the gas (a). The resultant water flows
20 downwardly in the dehydration tower and is withdrawn .
from the bottom of the dehydration tower as a separated
ﬁater. As a resuit, the gas (a) is dehydrated to
thereby obtain a_dehydrated gas (a') containing the
methacrdleih gas, which is withdrawn together with the

25 '~ gas mixture (I') from an uppermost portion of the



tower prpvided with a sieve tray, a cascade tray, a turbogrid
tray, aripple tray or the like, and a packed tower which is
regul arly packed with packing materials, such as Mel | apak and

Sul zer packing (each manufactured 20 and sold by Sum tono Heavy

| ndustries, Ltd., Japan). In the nethod of thé present

I nvention, it is preferred that tB88 contact of the liquid mxture
() with the gas (a) in the dehydration tower is conducted

at a tenperature of from10 to 60 [err]C, nore advan- 25 tageously
from 10 to 40 [ delydratider towesrsurtheffdrmymf a dehydrated gas

39 0.2 to 3.0 kg/cnferr] , nore advantageously fromO0.5 to 2.0
kg/ cnferr]. Vhemilaigeriknktcoritaining pethagselgin (ggs and methapek the
gas (a) is conducted under the above- nentloned conditions, there
can be obt ai ned ¥%ret hacrol ei n/ net ha- nol - cont ai ni ng dehydrated gas

et hacr ol ey ks %&o#ﬁﬁ%ﬁér?“%#&%ﬁ%&éem e
I d ' t t.he, de t t
|!sqglonduét ed at a’is}enpera%%r%g&e%%ee%ecgaf%oa%err?%“gdnd?%y&%l(# Oenseg%\ﬁder a
pressure exceedig Qﬂr&&&g/ qﬁ&rédy é%&g@&;ﬁ tillatiorf b conduct ed

using a dehydratlon t ower’ havi ng size;, however, the
unf avorabl e pol yeRsH Zaad 'é’rbﬁte tower oFB fl?&él&é&'fbvﬂ&ﬁuréard%‘et@sé&le hi gh
tenperature in the dehydration tower, thereby causing

~ di sadvant ageous However, ﬁl&ﬁ@rmmﬁlfdiﬂ.ém,t Wwh s i sl el mbt edusednined the
et ha- the dehydration tower,.ls an easily polymerizable
10 compound, it is preferred to use a tower having a
structure such that the clogging with the polymerized
proddcts does not occur or a structure such that, eveﬁ
when the:clogging with the polymerized products occﬁrs,
the polymerized products can be easily removed. Spe-
15 cific examples of dehydration towers include a plate
tower provided with a sieve tray, a cascade tray, a
turbogrid tray, a ripple tray or the like, and a packed
tower which is regularly packed with packing materials,
such as Mellapak and Sulzer packing (each manuf;ctured
20 and sold by Sumitomo Heavy Industries, Ltd., Japan).
In the method of the present invention, it is
preferred that the contact of the liquid mixture (I1).
with the gas (a) in the dehydration tower is conducted

at a temperature of from 10 to 60 °C, more advan-

25 tageously from 10 to 40 °C, under a pressure of from



crolein is consuned in the polynerization, and that the producti on
equi pnent is clogged with the pol ynerized pr oduct .

In the nmethod of the present invention, a reactor 20 used for the

met hacrol ein synthesis reaction and the dehydrati on tower may be
connected to each other by a pi peline so that the gas (a) obtained
I n the reactor can be directly ar® continuously introduced into a
| ower portion of the dehydration tower. \Wen the gas 25 (a) obtained
in the reactor is directly and gontinuous- n

40 | yOk At todde 8dKOAEB %y hmogen pdvantagec sy, frem 9-5; &0 2-0
ferred that the counger current  cont act in th%thggdra- )on t ower

, t
i s performed unl8/c® pr c¥hER: the sontagt: F quﬁ%’“1Xturﬁl§%kﬂs case,

€ss.
when the pressure_ for, perfaorm. i t Yo liner @it in
t he dehydration"’t"iﬂ"&ef’:hI?e gas rz’}'-“)e%cseé: sndé’l.:% lggp?%glrjr jaert%he selectivity for
met hacrol ein-in - h hf%feh Ohfdl BELAINRES a5 meAMd Y1 dih Anidias t o
| ower . condlq5$nﬁ%eqbt erq%ghéﬁgmhen the contact of tﬁé liquid

m xtur erré)l ) Wi thchhegAnaitihd BdmiAaaiag@ld qb)t eeRingl hethacrdleianduct ed
at a temperature of less than 10 [err] C and/ or under a pressure of

less than 0.2 kahCHigM lratidq10@CWo 4.9 in terman@E dfhe e thdqmuraizet i on
of the nmethacrolein is suppressed, so that the methacrol ein

content of the gathanol weight mmitianes IWhgn theweosrtadt afcdmed imbidsary
to use 15 a dehydration tower having a di sadvantageously |arge
size, thereby i mimdagiend Bheriuche gasdd) i@ dfpmdghydration tower

is conducted at a temperature exceeding 60 °C and/or

10 under a pressure exceeding 3.0 kg/cmz, the dehydration
can be conducted using a dehydration tower having a
smali size; however, the unfavbrable polymerization of
methacrolein occﬁrs due to the high temperature in the
dehydrafion tower, thereby causing disadvantageous

15 - phenomena such that a considerable amount of the metha-
crolein is consumed in the polymerization, and that the
production equipment is clogged with the polymerized
product.

In the method of the present invention, a reactor

20 used for the methacrolein synthesis reaction and the
dehfdration tower may be connected to each other by a
pipeline so that the gas (a) obtained in the reactor
can be directly and continﬁously introduced into a
lower portion of the dehydration tower. When the gas

25 (a) obtained in the reactor is directly and continuous-



tus used for lowering the tenperature of the dehydra- tion tower.
In the nethod of the present invention, it is 20 preferred that the
contents of the liquid nethacrolein and the liquid nmethanol in the
liquid m xture (I) are 5 to 60 % by weight and 40 to 95 % by

wei ght, respective- |y, nore advantageously, 10 to 50 % by wei ght
and 40 to 75 % by wei ght, respect49ely, based on the weight of 25
the liquid mxture (l1). 1In the nethod of the present

41 i nvention, as the I|qU|d nlxtur which is, intro-.

duced into the éKh}BFﬁPﬁHﬁeﬁo%@F° Qﬁ;ﬁ?(ﬁDW?r' 1t 1s Rﬁﬁund

m xture (I cont ai ni_n I I
whi ch 1i ((quzj m ¥eaFeY( %V)a qgﬁ"&) €8 %rr%é&lren tﬁ?nsteaﬁétr an oén rom Jhano
reacti on m xtur contai nin ter 2
met hacr ol ei n an% ??\5‘[ ﬁgﬁ'lglrl) 1 perform al ne(f byt‘{}ﬁeg%'llzraée&f \I@'(folf%\%\“ .
synthesis react 0N qgs, &gh;%mgidé§et'whéd<%ﬂﬁiﬂgé§éufé(éaé PEYE -

recycled to the ation tower as lquid mxture (1). 10

In the npthod ofi nhenal eRMtdrid@Hdrid) cdritddt in the dEISfEFd€ibh hedwdhe

wat er content of the liquid n1xture (1) is as | ow as possible.
Specifically, ilexicedds£3.0 kg/cm? f%@%éﬂﬁti&&yﬂ& methadto Déih hin
liquid mxture (I) is 0.5 %by weight or |ess, nore advantageously
0.2 % 15 hhevaietiiacrolledss . syrittes tsherdaaiah rﬁs<tlli:1€e-‘(§r\190|lb0wer-

used as the liquid mxture (1), the water content of liquid
m xt ur e (IV) can be &4} thee@them hand| whemithe contact of the llQUld

mixture (I) with the gas (a) in the dehydration tower

10 is conducted at a temperature of less than 10 °C and/or
under a pressure of less than 0.2 kg/cmz, the occur-
rence of the polymerization of the methacrolein is
suppressed, so thaf the methacrolein content of the gas
(b) becémés high; however, it becomes necessary to use

15 a dehydration tower having a disadvantageously large
size, thereby increasing the load of a cooling appara-
tus used for lowering the_temperature of the dehydra-
tion tower. |

In the method of the present invention, it is

20 preferred that the contents of the liquid methacrolein
and the liquid methanol in the liquid mixture (I) are 5
to 60 % by weight and 40 to 95 % by weight, respective-
ly, more advantageously, 10 to 50 % by weight and 40 to
75 % by weight, respectively, based on the weight of

25 the liquid mixture (I). In the method of the present



t he above-nentioned range by a nmethod in which a reac- tion

m xture (containing nmethyl nethacrylate, water, 20 nmet hacrol ein and
met hanol ) obtained by the direct M- to- MVA synthesis reaction is

i ntroduced into a distil- - | ation tower (as shown in Fig. 3 annexed
heret o and descri bed bel ow), and subjected to a conventi onal
distillation operation 25 : Furt@&r, the liquid mxture (1) may
contain com 42 pounds
ot her than nethacroleln and net hanol as_long a conpounds do
not adversely afins@antiandigsgheligiid mixture NviY s‘%“&‘ﬂésﬁ‘% f‘gg’E‘?l on. For

I he | d - | |
amount & of by- ;)g,d;cedg*zm mtdsewf T P e R (SRR AR e <

t h
renction. o i R 0, LS s b aciBiel b
the vrauid m Xt urgrddd) &?{Eﬁg{i HECe] A ffutd mixtur '(‘I\?‘S’dié'aﬂt&f?né&e

above- nmenti oned "By=pro ducts acro el n synthesis

reaction). 1 to 33 %dlyaMettH fﬁom the reé@%i&ﬁ hetfass Vi sbetatdi sgal |

anount s by- product’s formed in the direct M--to- MVA synthesis

reaction. metiEP RSEd Gy Vet S X e, GhethadfSleh Sandi métAaRoLpN-
tained in each of the liquid mxtures (I) and (1V) 15 i ncl ude
acetone, nethyl distairied bettlye diedat Mbitb-MMA syntieesis weagtios, The
presence of these by-products in the liquid mxtures (1) and (I1V)
only slightly |oveat is, the 11¢m&@cm#$¢mseoﬁI%tt@@mrb@e?ﬂcﬁﬁheﬁeFﬁaﬁBP

contained in
dehydration tower as the liquid mixture (I).

10 In the method of the present invention, it is
preferred that the water content of the liquid mixture
(1) ls as low as possible. Specifically, it is pre-
ferred that the water content of the liquid mixture (I)
is 0.5 % by weight or less, more advantageously 0.2 %

15 by weight or less. When the liquid mixture (IV) is
used as the liquid mixture (I), the water content of
lidﬁid mixture (IV) can be adjusted to a level within
the above-mentioned range by a method in which a reac-
tion mixture (containing methyl methacrylate, water,

20 methacrolein and methanol) obtained by the direct ML-
to-MMA synthesis reaction is introduced into a distil-
lation tower (as shown in Fig. 3 annexed hereto and
described below), and subjected to a conventional
distillation operation.

25 Further, the liquid mixture (I) may contain com-



the liquyid m,xture (111) which is subjected to the 20 di rect

M.-t o- MVA synt hesis reaction, and does not adversely affect the
direct M.-to- MVA synt hesis reac- tion. In the

nmet hod of the present invention, for sup- . pressing the -
pol yneri zation of nethacrolein (which is 25 an easily polynerizable
conpound). contained in the 42 43
liquid mxture (lI) to thereby prevent the pol ynerized product from
cl ogging and fouling the heat exchangers, i pes.and the.liké, a

pol yneri zati on Pﬂ“ﬂaﬁtBFPe§uEhaBsmet a°r°leﬁ9dPB&UWEBE@Poia?Sb OR§dEF to a
i quid phase in the ehydration tower. . _In this case, .it. i
preferred that the c°mp°PﬂgscgﬂcéﬂFrQﬁVﬁﬁsﬁigtﬁngSFyﬁégi§ e5 hﬁﬁ%&?(ﬂ

. he |iaui d ph e inth T
o ey IO RS (el Bkl A MoPHIMa e
| ndependent | y '@hE%F?g? ap?&gréﬂigdggﬁ@gﬁkboQmaig amount@VeE By - fﬁgper

portion thereof.” At n appropriate amount "o

pol ynerization j3RkRi #8kmBBY in the metBAc28dedn! eyhit@esiuirdadvion.e (1),
and intrbduced Into the dehydration tower together with the |iquid
m xture with) respect to the lhguibeminthee qIvihewhrietemiayi Deention,
t he anmount of the liquid mxture (1) to be introduced into the
dehydrati on t owenhtyreduesddépendithe dehylderaddlopditatiesn as the ligudidi ti ons
in the dehydration tower in which the con- tact of the liquid

mxture (1) witmigkurgadI)a) the liquid mixture (IV) generally contains
(in addition to the aboﬁe-mentibned by-products of the

10 methacrolein synthésis reaction) 1 to 25 % by weight of
methyl methacrylate ahd_small amounts of by-products
fofméd in the direct ML-to-MMA synthesis reaction.
Representative examplés of by-products which are con-
tained in each of the liquid mixtures (I) and (1IV)

15 include acetone, methyl formate, methyl acetate and
methyl acrylate. .The presence of these by-products in
the liquid mixtures (I) and (IV) only slightly lowers
the contents of methacrolein and methanol contained in
the liquid mixture (III) which is subjected to the

20 direct ML-to-MMA synthesis reaction, and does not
adversely affect the direct ML-to-MMA synthesis reac-
tion.

In the method of the presént invention, for sup-
pressing the polymerization of methacrolein (which is

25 an easily polymerizable compound) contained in the



20 conducted [such as the tenperature and pressure in the

dehydration tower, the water content of the gas (a), and t he
anount of the gas (a) introduced into the dehydration tower].
However, it is preferred that the amount of the liquid mxture (1)
I ntroduced to the 25 dehydration tower be such that substantially al
of the 43 44 - liquid

m xture (I) introduced can be gasified. For this purpose, it is
preferred that the anpunt of the liquid mxture (1), is from=10 to

500 g, nore adviiquid mixturga§ddudpy thesebyorrevesd Fhep®olymerdizsd the

gas (a), 5 wherein NnB neans nferr] as asured_under_ the nornal
condi tions, i.eProgucy FEPW]ElﬁﬁHéPglaQFLF°Mﬂgﬁgtﬁ eaﬁﬁi% exchangersy e

liquid mxture () is I nt ai at _a_level . . W L. e

abg;/e- rren]E i ?Eedg’f"gﬁﬁe?:‘_ ti‘glngﬁ'bPe_pPg'\ilmer:zatmgbflﬁ’ﬁ!y#Ptg{]ﬁ an cﬁlpp?esz g;)st
ortion o e de rati s, r re

Eont ai ni ng wat e?‘yg;égqulng:ﬂr? 'aﬂlﬁgwbre ahﬁ\g% asttq (;%W(ig'?b gdg?%%ts%ag.rg‘(%f elun terns

of he a . : . . _

met hacrotein i ndgﬁklagﬁ%?%?ﬁ gb?%?'ﬂi \gyﬁ{ g%tilsr %ta!ts?ﬁagdii%o%ﬂ%dt (;:rhr?st of

- the nethacrol ei phEetbaseht¥ditdbhn 3 the pdiSmerization titthidiisy i9f the
liquid mxture (lI) exceeds 500 g per 1 Nmferr] of the gas (a), the

wat er content ofthehaid@id phase ishyah aihed rgamyeriof Wron( 10 Ippeerkyy however,
di sadvant ages are likely to be caused such that a part of each of:
t he mewedghdl d&ion 1add biyh everigihitan o IThenpcdlymend zadritan dathiiitq _
the liquid mxture (1), flows down to the bottom of the dehydrati on

tower and i s wi medr den independentdit dmtgioduced into the dehydration

10 tower at an upper portion thereof. Alternatively, an
appropriate amount of the polymerization inhibitor may
be aéded to the liquid mixture (I), and introduced into
the dehydration tower together with the liquid mixture
(1).

15 In the method of the present invention, the amount
of the liquid mixture (I) to be introduced into the
dehydration toﬁer'varies depending on the dehydration
conditions in the dehydration tower in which the con-
tact of the liquid mixture (I) with the gas (a) is

20 conducted [such as the.temperature and pressure in the
dehydration tower, the water content of the gas (a),
and the amount of the gas (a) introduced into the
dehydration tower]. However, it is preferred that the
amount of the liquid mixture (I) introduced to the

25 dehydration tower be such that substantially all of the



t he dehydrati,on tower, together with the separated wat er, thereby

necessitating an operation for recover- I ng the nmethacrolein and
nmet hanol fromthe separated 25 water. On the other hand, when the
amount of the 45

liquid mxture (1) is less than 10 g per 1 Nnferr] of the gas (a),
the water content of the dehydrated gas ni44 ture (b) is likely to
beconme di sadvant ageously hi gh. Further, in the nmethod of the
present invention, 5 it is preferred that tgg gas,&a) contai_ni g

met hacr o- liquid; pigtyre: 3t Aatrrdreed: Comang FPSHEES | v F&%ol ed

prior to the introduction of the gas i nto.th e r,ati on

tower. In this EBLE PUEDPSEy, dite e@r%%gfred that tPﬁbagﬁﬁuka?M$§§5%0|ed to

a tenperature of .from 3Q.to_ 1 0 [ enr d Yy from 40
E.:.ﬁg&?_ mg).xture Ql}r)e &SV\A%%?L“r 10] C&’o e [0 lgﬁe“%ralts?a%a

to 50 [err]C, a éspect to aving a

pressure of Fﬁgeou&l& Ig%omzﬂ% Zlor@ ggow} hhemPas %eccagsai(rgs)dhi gh

boi | - poin p diftron to nethacrol’ein an

steam the cool | Rg Al MaWakad) fosd no¥stdd urid® tHe normdl gh boi ling
by-produ%ts and nost of the steam from bei ng i ntroduced into the
dehydrati on t owgonddhgridlei.e., at WaT (ders Iiatart | WHent ridi Geuburntt 0

t he. dehydrati on tower w thout being cooled prior to the

introducti on  of the dndpcichirdottacrec (UNX drsc maderitdined tat tehdlavejui d

m xture 20 (1), a large anmount. - of the liquid mxture (l) is needed

for dehydr at i ngwilhigashen)abasre-mentidnedmanas,olidi is possible g ent of
the liquid mxture (111) (which is subjected - ,
: obtain, from an uppermost portion of the dehydration
10 - tower, the dehydrated gas mixture (b) containing water
in a low rétio (as Low as 0.001 to 0.003 in terms of
the Gater/methacrolein'weight ratio)'and containing
methacrolein.in a high ratio (as high as 1.0 to 4.9 in
terms of the methacrolein/ﬁethanol weight ratio). When
15 ~ the amount of the liquid mixture (I) exceeds 500 g per
| 1 Nm3 of the gas (a), the.water content of the de-
hydrated gas mixfure (b) lowers; however, disadvantages
are likely to be caused such that a part of each of the
methacroiein and the methanol, which are contéined in
20 the liquid mixture (I), flows down to the bottom of the
dehydration tower and is withdrawn from the bottom of
the dehydrationltower, together with the separated
water, thereby necessitating an operation for recover-

ing the methacrolein and methanol from_the separated

25. water. On the other hand, when the amount of the



to the direct M.-to- MVA synthesis reaction) contai.ning “liquid
nmet hacrolein and |iquid nethanol |owers. 25

46 An illustrative exanple of a method for quenching

the gas (a) is described below The gas (a) is intro- duced into a
guenchi ng tower (which has two quenchi ng water inlets at an upper
portion thereof and at a lower 5 por4d on thereof) at a bottom portion
t hereof and con- tacted with a quenching water supplied into the
quench-

tower at the | ower portion_thereof, .thegeb nch-
ing the gas (a)llﬂﬁgﬁ BFXFHEESKEdnﬁéoﬁ?é?n@&apn b NG 8% %&f

condensed into water, .and.then the conden-

t d
to a botton1por9?5n(89'tﬁge water ¢ 8&§ﬁ8ﬁ|85 %Bﬁeﬁeh¥ﬁ tg%dghsakégﬁatgrni
di schar ged

h
out side of the aﬁﬁﬁcﬂpﬁgl§y§§gﬁh %%oﬁg aﬂshﬁgaﬁ%ggggh%ﬁyt%H%{OESCESG
(exampt s o L3N, POELi-AfeRo! ih & %ep;ng%s oflthe preldfitidavilaimsol ubl e

organi ¢ acid, such as ne acid, acrylic acid, acetic acid,
mal ei ¢ ﬁf'd “h'EQ iéepreferred Qﬁa&rQﬂﬂ@@@szabh%oﬁQhﬂﬁghglﬁé%ﬁ&ﬂﬁ&mSlS
reactiom - and furfural and terephthalic acid and the |ike which
are pr gdieednlly stpamo disTEndidectlyobndyerh dipeetise dowigan- 20
ic acids or the synthesized nmethacrolein) are also dis- char ged
fromthe bottonppibk o dhe! Hatyoduition bfwshe gas (a) tHatch&hsut si de of

t he quenching system together with t he condensate water. The
mater produced dehydaoatdop tower. In this case, it is preferred that

hg per’' 1

the gas (a) is cooled to a temperature of from 30 to

1.0 60 °C, more advantageously from 40 to 50 °C, as meas-
ured with respect to the gas (a) having a pressure of
1.0_ﬁg/cm2). Although the gas (a) contains high boil-
ing point by-products in addifion to methacrolein and
steam, éhe cooling of the gas (a) easily prevents the

15 high boiling by-products and most of the steam from
being introduced into the dehydration tower. When the
gas (a) is directly introduced into the dehydration
tower without being cooled prior to the introduction
and contacted countercurrently with the liquid mixture

20 (I), a large amount of the liquid mixture (I) is needed
for dehydrating the gas (a), so that the methacrolein
content of the liquid mixture (III) (which is spbjected
to the direct ML-to-MMA synthesis reaction) containing

liquid methacrolein and liquid methanol lowers.

25



cled as ,a quenching water after it is cooled in a 25 cool i ng
heat - exchanger, or the |like. However, the high '

47 boi l i ng point by-products contained in the water causes
fouling of the internal cooling portion of the heat exchanger. In
an extrene case, the heat exchanger is cl ogged with the high
boiling point products. For 5 prevendbng the cloggi ng of the heat
exchanger, for exanple, in the case of recycling the water
produced by condensati on as quenching water, it is preferred-that

the supply of quenchPRglldustredive eHARRLR AF @oMgthad for quenchjfgct ed
Thoreof . and t nEPEoREENd Ve LiadePaiiad beiow. ' theqad G Ts HitHE
Cover porti on ofiareg 1hee” & afibning, poumi Wi A R i ag ' o or
From the mi dal o¥Bler SRLEH RY ol i UGN MRS Jt THcEe 15

quenchi ng vat er AN RferBRIF L &t & Bottom portiieeHdrubs NEndeddn-
exchange contlﬁuously for conmer - clal practice, it is preferred

to use flushingaeiteld With a quendHifthgd iWefte® AfppXid® LIPS atlsd | @ldmghof
deposition and 20 renove stuck substances. For conducting the

operation ingeasiwer, att the drefer nesctie thexrdmf f orheoely cguehchhe
guenching tower is designed so as to have a enpty structure or a
vessel structurdng ttheutgas (laXe Mast of the steamitortairediimr®deng the
efficiency of gas-liquid

gas (a) is condensed into water, and then the conden-

10 sate water flows down to a bottém portion of the
quenching tower. The condensate water is discharged
from“the bottom portion of the quenching tower to the
outside of the quenching system. High boiling point
by—prodﬁcts (examples of high boiling point by-products

15 include water-soluble orggnic acid, such as methacrylic
acid, acrylic acid, acetic acid, maleic acid which are
by-produced by the methacrolein synthesis reaction; and
furfural and terephthalic acid and the like which are
produced by cyclodimerization of the by-produced organ-

20 ic acids or the synthesized methacrolein) are also dis-
charged from the bottom portion of the quenching tower
to the outside of the quenching system, together with
the condensate water. The water produced can be recy-

cled as a quenching water after it is cooled in a

25 cooling heat-exchanger, or the like. However, the high



25 contact. In this case, the gas-liquid contact is

48 conducted by directly spraying the quenchi ng water

(introduced into a quenching tower at the | ower portion thereof) to
the gas (a). Further, it is preferred that the water withdrawn from
a bottom portion of the above- 5 menti oned dehydration tower is

enpl oyed as quenchi ng wat er and t#&t nethanol, nethacrolein and
met hyl net ha- crylate, which are contained in the water in small
quantities, are gasified into the gas (ég to thﬁrggy, decreast ng
the loss of theboiddng ipgint byrproducts confaipedin, e JRNRH GRSes
conducted at the bqttom . orti,on of, the quenchi ng.t I e gas
(a) is rapidy fouling %ﬁue%e‘d“{%’%?]t &ﬂf@rﬂf%rpgoﬁlequer%fm@y%fh%ér%m room
tenperature to 95 nore preferabl {59 o] [ . SO0 that
the gas (a) is ﬁﬁ%ﬁ}qar'dehlirﬂraé} eedé./t eénn%%eé’ 1%95 1%&[11[ (%r?pcet}ag% e J|'$s

hi gher than 95 i gat f o oili vt Al ogedks. On the
ot her hand, vvhen%]'tcl%él%ﬁenr%r"rﬁ'.Lzﬂaél{EI tﬁgpe:lgot urlenqsp?ower t han room t enperature,

high boiLing  preventiHdlithy -dX & 0B Utke Afed CTORMAIYdF, Ao, are
| i kely to deposit on the Tnner wall surfaces of the 20 bottom portion

of the quenchi n@gimgle Anth ttiee b46s.of recycling tHéevat=Enghwsiugsd thal |y
dehydrat ed gas (a) ascends toward the uppernost portion of the
quenchi ng t ower ,condensatiamds duemching wsbtendi iy, is lprefaried Yt act s
coun- tercurrently with the quenching water. The gas (a) is
the supply of quenching water to the quenching tower is
conductedISeparafely at an upper portion thereof and at
10 a lower portion thereof, and the condénsate water which
is withdrawn from the bottom of the quenching tower and
recyéled is supplied only to the lower portion of the
quenching tower, while supplying to the upper portion
of the éuenching tower the condensate water withdrawn
15 from the middle portion of the guenching tower and/or
| supplying quenching water from other sources. For
operating the heat exchanger continuously for dommer-
cial practice, it is preferred to use flushing water or
the like so as to reduce a sticking of deposition and
20 remove stuck substances. For conducting the operation
easily, it is preferred tﬁat the bottom portion of the
quenching tower is designed so as to have a empty
structure or a vessel structure without a plate and a

packing, for improving the efficiency of gas-liquid

25 contact. In this case, the gas-liquid contact is



25 Jurther quenched so that the tenperature of the upper-

49 nost portion of the quenching tower becones preferably
.from30 to 60 C, nore preferably from40 to 50 [err]C ' under a
pressure of 1.0 kg/cnierr]. The gas (a) is then wi t hdrawn fromthe
uppernost portion of the quenching 5 tower, and introduced into the
dehydration tower at a | ower portd®n thereof. There
is nolimtation on the type of the quench- ing tower at its
region in which the partially de- hydrated gas _(a) contacts =
count er cur r ent | gonduptedebyldirectlyusprayigondher AURRENERET WAJEHf t he
conventi onal distillation tower, such as a plate tower or a packed

tower, can be uééﬂtrﬂéﬂéﬁér1“§Ph@eqN§Pﬁ§é &ower,fit;ffhe lower pqortio

i ntrod d toth hi t I

compound. and. dEHBSEERIN 01 e 388 Y- - PrEher, ir is prcRi R ©
pt her hi gh boili Rg e,m nt %ﬁthidtrawn fIpro%u%t %tt(oﬁlug)%taﬁto Befomﬁgalégo‘?ézl d)

is likely to oFr &F wer  having a struc-

ture such that glaﬁtsogga' By 1{]1%% R Sheflfed as quendiible and

ot her deposits does not occu aving a tructure such that,
even when the C'wQQ:Q&-nQnW l?ﬂi‘xat*l:h?matl-xanol R CHERIH ARA P 26 GrieSe e e -

deposits occurs, pol ymeri zed products and ot her eposits can
be easily cry l"a%@v%ic'ip%&lé icorpeanddE I rofe eridndid asweasL i ncl ude
a plate tower prOV|ded with a sieve tray, a cascade 25 tray, a

turbogrid tray, gupantiplies,r areorgadicfiedkentandthe gas (a) to thereby
decreasing the loés"of these materials.

10 In the step of quenching conducted at the bottom
portion of the quenching tower, the gas (a) is rapidly
quenéhed to a temperature preferably of from room
temperature to 95 °C, more preferably from 30 to 80 °C,
so that the gas (a) is partially dehydrated. When the

15 temperature is higher than 95 °C, polymerization of the
methacrolein occurs; On the other hand, when the tem-
perature is lower than room temperature, high boiling
point by-products, such as terephthalic acid, are
likely to depbsit on the inner wall_surfaces of the

20 bottom portién of the quenching tower and the pipes.

The quenched, partially dehydrated gas (a) ascends
toward the uppermost portion of the quenching tower,
and, during the ascending, the gas (a) contacté coun-
tercurrently with the quenching water. The gas (a) is

25 further quenched so that the temperature of the upper-



50 . .a packed tower which is regularly packed wi th packing

mat erials, such as Mel |l apak and Sul zer packing (each manuf act ur ed
and sold by Sumitono Heavy I ndustries, Ltd., Japan). 5

As descri bed above, the gas (a), if desired, is guenched in the
guenching tower, and then dehydrated in t he dehydration tower, to
t hereby obtain a dehydrated gas rﬁ%ture (b) cont ai ni ng

nmet hacr ol ei n gas and net ha- nol gas Mor eover,

hould b ted that t bI d
25 3 dehydrat| cROSE POTEL0RoRE, the queBGBLAg.LErSR ?:ﬁs%g%%e}%f%qré%ge?”
t th f t I d
i xture (b) (cofFamnPHg thePRa: C- 'g%%ey prsfarablygaf§°a“n?‘fﬁam' s 0
wi t hdrawn from fhg upge “breseue PR30 b R/ Ofrrid\galetafl ald Othdiduer

and a liquid arning liquid nethacroleln and

liquid FehR2Agh #rem heldppaemodito pir talkiOIdH 'tczné lfisictng

| ower portion twereof and at an upper portion thereof

respectively, thewgRy andowntgodvicdd iigitod thexidehydddbion tower tax fd ow
downwar 'y and contact countercurrently with the dehydrated gas

m xture (b) in sawerapeetionofthereof. tower, wherein the liquid mxture
(I') is introduced in an amount sufficient to absorb substantial ly
all of the 25 fbelrec s @ion ldas tatdomedmridie dapevaf ithe cuenshar ned

ing tower at its region in which the partially de-
hydrated gas (a) contacts-countercurrently with the

10 quenching water, and any type of the conventional
distillation tower, such as a plate tower or a packed
towei, can be used. However, since methacrolein, which
is introduced into the quenching tower, is an easily
polymerizable compound, and deposition of the polymer-

15 ized methacrolein and other high boiling point by-
products (such as terephthalic acid) is likely to
occur, it is preferred to use a tower having a struc-
ture such that the dlogging with the polymerized pro-
ducts and other deposits does not occur or having a

20 structure such that, even when the clogging with the
polymerized products and other deposits occurs, the
polymerized products and other deposits can be easily
removed. Specific examples of quenching towers include
a plate tower provided with a sieve tray, a cascade

25 tray, a turbogrid tray, a ripple tray or the like, and



51 . . n the dehydrated gas m xture (b), to thereby obtain a

liquid mxture (I11) containing liquid nethacrolein and liquid

nmet hanol . The obtained liquid mxture (111) is then withdrawn from
the bottom portion of the absorp- tion tower. There
Is nolimtation with respect to the type of t he absorption tower
used in the nethod of the present 5Pnvention, and any conventi onal
distillation tower,: such as a plate tower or a packed tower, can

be used. 10 - However, since nethacrolein, which

i s, introduced. i nt
Che bsdrston SoleEYts SpeesefYRodd RS it U SHHE 1 1
rUC- re. s
(I?I ogging with t H‘@%ﬁ(ﬂ%i z*é‘&hgra&- ﬂelliapak ad’l?ctssul perg Pﬁ@éﬁiﬂ‘ﬁ%&hau ng
a structure such ol e ang SR HPBLIGALOULARY Wididha gpl yreri 2ed

products occurs, t ymeri zed pro be easi 'y rehoved.
Speci fic exanpl gg.40f tion towers include a plate t ower
provided with a sieve tray, a cascade tray, a turbogrid tray, a
ripple tray or the |iNe dedtdidbdidRfre,2&he gad QEY, WE GedSrdIUr |y
packed WPt h packi ng materi al s, such as Mel | apak and Sul zer packing
(each manuf act ukgénched in tArd ARntHihdSuoweanD diehvwhdmdistiydsted tin,
Japan) . It is preferred that the contact of liquid mxture (I1)

with the dehydr aihed dpdydriadtiione t{dwern ,n tdechebxahptolraig® dehydxakedi s
conducted at a tenperature of from-25to '
: gas mixture (b) containing methacrolein gas and metha-
nol gas. _
10 Moreovér, it should be noted that one tower is
workable as a quenching tower and as a dehydration
'ﬁowei at a lower portion thereof and aﬁ a upper portionl
thereof, respectively.
‘'The dehydrated gas mixture (b) (containing metha-
15 croleih gas and methénol gas) withdrawn from the upper-
most portion of the dehydration tower, and.a liquid
mixtufe (II) containing liquid methadrolein and liquid
methanol are introduced into an absorption tower at a
lower portion thereof and at an upper portion thereof,
20 respectively, théreb& allowing said liquid mixture (II)
to flow downwafdly and contact countercurrently with
the dehydrated gas mixture (b) in said absorption
tower, wherein thé liquid mixture (II) is introduced in

an amount sufficient to absorb substantially all of the

25 methacrolein gas and methanol gas which are contained



52 . .10 C under a pressure of from0.2 to 3.0 kg/cnferr].

In the nethod of the present invention, it is . preferred that the
contents of the liquid nethacrolein and the liquid nmethanol in the
liquid mxture (I1) are 5 5to 60 % by weight and 40 to 95 % by

wei ght, respec- tively, nore advantageously, 10 to 50 % by wei ght
and ' 40 to 75 % by wei ght, respect®¥ely, based on the wei ght

of the liquid mxture (I1). In the nmethod of the pr esent

invention, as the liquid mxture (1) which is i ntrod cedirilngo t he

10
absorption towein §he GghygEaredegas mixtuge {h).q5y theqehe 943
t ai ni i qui t.h | ei d.liquid h | ' l i guid
mxtaro (D) s 2dauia" RigER (a3, conshintng i MR Raetlsh 4l ¢

tai ni t byl th | , t | ej :
(contar i’ eyt B s, YAy TSR sbSens, RO LGS
liquid mxture i), Qﬁxzh??'ﬁwn from tHeC ¥t RGP TY RN BESWES- as the

liquid m xture ) I'n"the nmethod of the present
invention, it igioA0tower.preferred that the water content of the liquid .’

m xture (I'l) is as low as possible. Specifically, it is pre-
ferred that the wat errhesd 6 nef il dationd wiitH Wespeict to the tiype %Dy
wei ght or |ess, nore advantageously 0.2 % by wei ght or |ess. Wen

the liquid m xtthe @bgprptimsectovwtir used dn tihe Inehhiall mftthe gregenthe
wat er content of the _
invention, and any conventional distillation tower,
such aé a plate tower or a packed tower, can be used.
10 However, since methacrolein, which is introduced into
the absorption tower, is an easily polymerizable com-
poun&, it is preferred to use a tower having a struc-.
ture such that the clogging with the polymerized pro-
ducts dées ﬂot occur or having a structure such that,
15 even when the clogging_with'the polymerized products
occurs, the polymerized products can be easily removed.
Specificlexamples of absorption towers include a plate
tower provided with a sieve tray, a cascade tray, a
turbogrid tray, a ripple tray or the like, and a packed
20 tower which is regularly packed with packing materials,
such as Mellapak and Sulzer packing (each manufactured
and sold by Sumitomo Heavy Industries, Ltd., Japan). |
It is preferred that the contact of liquid mixture (II)

with the dehydrated gas mixture (b) in the absorption

25 tower is conducted at a temperature of from -25 to



53 . Jiquid mxture (1V) always falls within the above-

nment i oned desirable range by a nethod in which a reac- tion

m xture (containing nethyl methacrylate, water, met hacr ol ei n and
met hanol ) obtained by the direct M- to- MVA synthesis reaction is
I ntroduced into a distil- | ation tower which is shown in Fig. 3,

foll owed by a conventional distilB&tion operation.

Further, the liquid mxture (I1) may contain conpounds other t han
nethacroleln and net hanol as |ong as the conpounds

adversel y af f ectlQ he&€ gindex EA/Lln’-'es~""ﬂ-“-‘e Ofofm Qyht PR P O rkace rl‘on For

exanple, the liquid ener a cont al ns anount s
of by- pr od Ut stl?%r%*ﬁ“?‘ﬁ ?f] lsgtﬁ’é J% :?'/l“ {”n‘é‘§1 st %\%t i on.

absor ption {overPSRETHED |G Ths dratHEs Sfchhs | B nehabPEain ng,
i n addi tion to tfe aﬁgcry@p{a%&&mol in the Jrfggﬁac.afxugr%o( 26, %1

wei ght of et hyl a Snal nount s y- products

formed in the d'éeecg 50 % by wdlahe- AH8 &d“{:@%ss%fﬁf tRepggpgaLati ve

exanples product s 1 ncl ude acetone ormat e, net hyl
acetate and met hﬁ’iv?ﬁ*g"xﬂéﬁe ddPaRte§656E819] 1bess Hy- % by weighfradacts in

the liquid mxture only causes the contents of nethacrolein
and net hanol of 4tetdi7Hi¥ by weight|n xéspectively, vasadi snstheewedghto
the direct.M-to- 25 MVA synt hesis reaction, to be slightly | ower ed
and does of the liquid mixture (II). In the method of the

present invention, as the liquid mixture (II) which is

10 introduced into the absorption tower, use can be made
of a liquid mixture (IV) containing liquid methacrolein
and iiquid ﬁethanol, which liquid mixture (IV) is
obtained by separation from the reaction mixture
(containing methyl methacrylate, wafer, methacrolein

15 and methanol) obtained by the direct ML-to-MMA synthe-
sis reaction, that is, the liquid mixture (IV) may be
recycled to the absorption_tower as the liquid mixture
(11).

In the method of the present invention, it is

20 preferred that the water content of the liquid mixture
(II) is as low as possible. Specifically, it is pre-
ferred that the water content of the liquid mixture is
0.5 % by weight or less, more advantageously 0.2 % by
weight or less. When the liquid mixture (IV) is used

25 as the liquid mixture (II), the water content of the



54 . .substantially not adversely affect the direct M-to- MVA

synt hesi s reaction. As nmentioned | ater, when the content of
nmet hacr o- leinin the liquid mxture (I1l1) is too high, not only
5 is the catalytic activity of the palladi um catal yst

| owered, but also the selectivity for nethyl nethac- rylate in the
direct M-to-MVA synthesi's becones | ow. 53 Therefore, when the
content of methacrolein in the liquid mxture (I11) produced by

i ntroducing the liquid 10 “mxture (Il) into the absorption tower.is
too high, it liguidimigteter ( V)t Abvayet fabdbs withidetheoabbweli qui d

m xture (Il1) and then introduced into the absorption t ower,

i nstead of the |memttonedtdesitable rangeuby a methodcipewhichi a ﬁﬁéperred
that the content of the nethacro- lein in the liquid mxture (I11)
i s not |ower thafieRemixture (CGE§¢iEHn9eW€FhY6rmFﬁBaGFYéEFeWLWPGeWNA |
synt hesi s reac- n the

. . €. nt ,of _t t hgcr ol [
liquid mxture (W?F?3F§°ﬁﬁntEé§ ?ﬁﬁhaﬁgixb §taéP§ﬂth the 'dixe gégﬁ‘on t he
wei ght of the i I Xt u % [ a 22 ? t| t he
net hacrol%in to tRe tﬁ%ﬁ%ﬁe % +eadfon g ﬁP%FB §C%§I ?%° nggsl 445 than
0.33). ‘ l?ﬁio*ntgn c"Ghigd ¢ % S?Rr ﬁe?E '”ﬁenkbiﬁowBEEb@fg.
ferred anount of qU| m xt ure e |n ro- duCed into

e 1 tion eratio
the absorption tguRyertibfs1dapsedingdt28n & wari ous absorption
conditions in the absorption tower
Further, the liquid mixture (II) may contain
compounds other than methacroleih and methanol as long
10 as the compounds do not adversely affect the direct ML-
to-MMA synthesis reaction. For example, the liquid
mixture (IV) generally contains small amounts of by-
products formed in the methacrolein synthesis reaction.
The liquid mixture (IV), which may be introduced into
15 the absorption tower as the liquid mixture (II), gener-
ally_contains, in addition to the above-mentioned by-
products, 1 to 25 % by weight of methyl methacrylate
and small amounts of by-products formed in the direct
ML-to-MMA synthesis reaction. Representative examples
20 of by-products include acetone, methyl formate, methyl
acetate and methyl acrylate. The presence of these by-
products in the liquid mixture (II) only causes the
contents of methacrolein and methanol of the liquid

mixture (III), which is subjected to the direct ML-tof" T

25 . MMA ‘synthesis reaction, to be slightly lowered and does



55 . «in which the contact of the liquid mxture (Il) with

nmet hanol containing gas i s conducted [such as the t enperature and
pressure in the absorption tower and t he amount of gas (b)

i ntroduced into the absorption 5 tower]. However, it is preferred
that the anmount of the liquid mxture (11) is from50 to 1000 g,
nor e advant ageously 100 to 500 g,sger NnB of the dehydrated

gas mxture (b). By subjecting the nethacrol ein and net hanol
which 10 are contained in the liquid mxture (l111) obtained in

t he above- nent i Snegtanhhallyt notinadxpuaelycaéfecti theadirect ML-tpi-MMA
reaction (the direct M-to-MVA synthesis reaction) I n the presence
of nol ecul ar ox§HRhraFLS| FepREipResence of a pall adi um cat al yst,
met hyl nethacryl ate duced in the formof a reaction m xture

| -, 15
cont ai ni ng né%h@%gﬁé?ﬂﬁgr}?ﬁFE{ Wheer thRePARERBE.PE BRFNASERaNO! .
The wat er Conteféiﬂfiﬁhgp IﬂghgigTéagégrglk&&IBE§Sm§98hPiQBEFg§%?gl y|2|%by

wei ght or |ess, nore prerera

rore prel o bl Vol Bh Bieafliic, ekl Bk LASSpprbbalubagaiigter el

t hat the’ content 0 thacrol e I'qu

% by Web@Ete@! BRECa1380thBesuRbaRl iRy @ogf mg%hg}i%gl:@hei 0

met hanol in the liquid mxture (I1Il) is 0.33 or”nor € upper
limt of the cosykateoinnehbadiobetnMLAtbbRMA2EyntheshkdBieeomest Ubg.(111)

I s an anount corresponding to the _ _
56 Therefore, when the content of methacrolein in the
liquid mixture (III) produced by introducing the liquid
10 mixture (II) into the absorption tower is too high, it
.is preferred that methanol is added to the liquid
mixture (II) and then introduced into the absorption
tower, instead of the liquid mixture (II). 1In tﬁis
case, it is preferred that the content of the methacro-
15 lein in the liquid mixture (III) is not lower than the
desired level for the direct ML-to-MMA synthesis reac-
tion (i.e. the content of the methacrolein in the
liquid mixture (III) is not less than 25 % by weight,
based on the-ﬁeight of the liquid mixture (IXII), and
.20 the weight ratio of the methacrolein to the methanol in
the mixture (III) is not less than 0.33).
In the method of the present invention, the pre-
ferred amount of the liquid mixture (II) to be intro-

duced into the absorption tower varies depending on

25 various absorption conditions in the absorption tower



stoichiqnetric ratio of nmethacrolein to nethanol in the di rect
M.-t o- MMA synt hesis reaction. However, too high a content of

met hacrolein in the liquid mxture (I11) bri ngs about not only a

| owering of the activity of the 5 pal | adi um cat al yst but also a

| owering of the selectiv- 5 ity for methyl methacrylate. |In general,
it is pre- ferred that the contenfSof nethacrolein in the liquid
m xture (I1l) is 69 %by weight or |ess, and the wei ght rati o of
nmet hacrol ein to nmethanol in the liquid mxture 10 . I%alEéﬁls 2.2 or

| ess. Thereforén Wﬁéﬁhtﬁbq comtgct of thepligyid FPH 4

cont ent of nethacroleln i is desir the |i |d nlxture
(111) is dilute@ethanol coﬁtﬁﬁrﬁﬁ‘ghm i85 cz?nlab“tf&e&h s*’tcﬁ‘r@ cont=ai ni ng

th I djjust _th t f th t 15
ot har ol ei nf o ARG SRA-Gn £k PSS Fa b °a#%%r Aol Y Gld'®
above- nentlonedtheggomgg o&n%%é (Hﬂ(l troduce d“%ﬂgxégéy QﬁPeS'Z'ng

nmet hyl net hacrylate ative e er| | catl on reaction (the

direct M-to-  ¢ouery. N%Wesil AL DR YN AHY Ao

sel ecte 20 from known met’hods di scl osed, for exanple, in Exanined

Japanese Pat ent tf\gpliieiiic0 miRtures tion 1(g) BWABETD to 1000 dsokdetd Nos.
57- 035856, 57-035857, 57-035859, 62-007902 and 5-069813 (Japanese

Pat ent Appl i cat im@vaRitaigezaislyn 100 to 500Nes. ek 0GEBEE ik CRIBAT sl
57- 035859 correspond to 25 U S. Patent No. 4,249,019. Japanese
Pat ent Applicat igas mixture (b). 57
By subjecting the methacrolein and methanol, which
10 are contained in the liquid mixture (III) obtained in
the above-mentioned manner, to an oxidative esterifica-
tionhreaction (the'direct-ML-tofMMA synthesis reaction)
in the presence 6f molecular oxygen and in the presence
of a pailadium catalyst, methyl methacrylgte is pro-
15 duced in the form of a reaction mixture containing
methyl methacrylate, water, methacrolein and methanol.
The water content of the liquid mixture (III) is
preferably 2 % by weight or less, more preferably 1.5 %
by weight or 1ess, still more preferably-l.o % by
20 weight or less. It is also preferred fhat the content
of methacrolein in the liquid mixture (III) is 25 % by
weight or more, and the weight ratio of methacrolein to
methanol in the liquid mixture (III) is 0.33 or more.

The upper limit of the content of methacrolein in the

25 "1liquid mixture (III) is an amount corresponding to the



Publ i cat.i on No. 62-007902 corresponds to Australian Pat ent No. 518

930.). As the palladiumcatalyst to be used in the nethod
of the present invention, a carrier-supported catalyst 5 can be used
whi ch conprises pall adi um and | ead. In addition to palladium
and | ead, the palladium catal yst may al so contain a heteroel enent,
for exanple, mercury, thallium Bésnuth, telluriumor the like. It
is preferred that the catal yst contains 5 % by weight 10 or |ess,

nore advant ageously 1 % by wei ght or |ess, of t he heteroeleﬂag.
Further, the p&teirhioretrigsratig of sBethacgphein to methanpl,dp &
conpound sel ected fromthe group consi st - ing of an aIkaI%. ta
conpound and arfEreGF i e~ ERr ggnthesigerarctifBountdowerery s thPefdBhed
that the catal yst ontains 0.01 to 30 % wei;gh nor.e

advant ageous| y @ °°ntent09%lm?gﬁgc5gﬁﬁiﬁe?ﬁtheo?XgPlFeﬂéthﬁg {&t3dund

sel ect - ed fr t he o] onsh St f _an kald s

pound and anzﬂ?ﬁﬁ?%% %g%?ﬁ %gﬁaﬁg%gn%o%éﬁépgﬁé P%ngg 2551@§E§|8%$a %on of

the alkali netal,£pog dcé@QiQ%gtﬂﬁtaéiéa a lowerihhN8re2hkh s@8k@tiv-

conpoun@ into the catalyst can performed by a nmethod in which
such a conmpound; t$ Adfefethyl methhergl8ebuti @A genbabli, Ngta igdlgradi um

conpound or a | ead conpound, and a carrier is treated with the
solution, 25 ferrédethdy tHaocbhigner ofdhethagrbleial Hal itheetldlquddhpound
58 and/ or the alkaline earth netal conpound onto the

mixture (III) is 69 % by weight or less, and the weight
ratio of methacrolein to methanol in the liquid mixture

10 (III) is 2.2 or less. Therefore, when the liquid
mixture (III) has an excess content of methacrolein, it
is désirable that the liquid mixture (III) is diluted
with methanol or a liquid mixture containing methanol
so as to adjust the content of methacrolein and the

15 methacrolein/methanol weight ratio to values within the
above-mentioned preferred ranges.

The method for synthesizing methyl methacrylate by

an oxidative esterification reactibn (the direct ML~-to-
MMA synthesis reaction) may be appropriately selected

20 from known ﬁethods disclosed, for example, in Examined
Japanese Patent Application Publication (Japanese
Kokoku) Nos. 57-035856, 57-035857, 57-035859, 62-007902
and 5-069813 (Japanese Patent Application Publication
Nos. 57-035856, 57-035857 and 57-035859 correspond to

25 U.S. Patent No. 4,249,019. Japanese Pétent Application



carrier, together with the palladi um conpound or the | ead

conpound. Alternatively, a carrier having, sup- ported thereon, an
al kali metal conpound and/or an 5 al kaline earth nmetal conpound can
be used for producing a catalyst. Instead of using a carrier, a
sol ution containing an al kali metal conpound and/or an al kal i ne
earth netal conpound can be added to a red®®ion system of the
direct M.-to- MVA synthesis reaction. 10 The carrier can be

selected froma w de vari et

of materials, such as activated -
carbon, silica, Pubi!lﬁﬁ:ﬁﬁion fo? 62-907902- SOERESRONIS,| 5 2‘,11%:%%

silica-al um na- %§§ and the like. There is no
particul ar |i ni Patest dR- tﬁ afoent o t he pal | adi um supported on

b h |
T IR S 2 W o A T i
SO o 0 cor PR PR AL, B it Livtiie

ported on a carPier e anount 1S ﬁr

vei ght, more preterabl Yxs%d4§1ht:.‘2:r5 comfridses palladiRinffdng basgsl. on the

wei ght of the carrier. The atomc ratio of palladiumto lead is
preferably in the rangeaddition ¥ gdluadihm arid 1¥al,3, thermaYiadvumbl y in
t he range of - from3/0.9 to 3/1.1. 25 The amount of the
catal yst to be ¢eedlyat ey also contain a heteroelement, for examplejp9
dependi ng on the conposition of the feedstock and of t he catal yst,
the reaction comgdircumys, thellissrt ikismuth, tellurium or the like. It

is preferred that the catalyst contains 5 % by weight
10 or less, more advantageously 1 % by weight or less, of
the heteroelemént.

"Further, the palladium catalyst may also contain
at least one compound selected from the group consist-
ing of én alkali metal compound and an alkaline earth

15 metal compound. It is preferred that the catalyst
contains 0.01 td 30 % by weight, more advantageously |
0.01 to 5 % by weight, of at least one compound select-
ed from the group consisting of an alkali metal com-
pound and an alkaline earth metal compound. The incor-

20 poration of the alkali metal compound and/or the alka-
line earth metal compound into the catalyst can be
performed by a method in which such a compound is added
to a solution containing a palladium compound or a lead
compound, and a carrier is treated with the solution,

25 thereby adsorbing or adhering the alkali metal compound



nodes, and the |ike. However, when the catalyst is used in a
slurry form it is preferred to use the 5 catal yst in an anount of
0.04 to 0.5 kg per liter of the reaction system sol ution

The direct M-to-MVA synthesis reaction can be perfornmed by any of
conventional reaction nodes, such ' as gas phase reaction, liquid
phase reaction and trick- 10 | e beds8action. For exanple, when the
direct M-to- MVA synt hesis reaction is conducted by I'i quid phase
reaction, any known reactor, such as a bubble colum reactor- a
draft tube reacami/or tineaglkatine egpth metal compgupdronganthbe enpl oyed.
15 In the direct M-to-MVA synthesis reaction, nolec-

ul ar oxygen i s eaeEienp| tegethebxyyth R Balipdiue compound pg; khgr ap
oxygen gas or a gas mxture_of an oxxgen %gs , ang an inert diluent
gas, such as nitP3efopRRUR. Alternativgiy. qRoRPHEELI§As 2NBP8e uF P oxygen
may be provided 2 e _for t he above

. . in th ﬂkoi'aﬁrta . ggen . :
reaction i s condREred EBRTPRU0LEP KAl me aeF8WP8P39|8H Pt R& pal I adi um
catalysgscan beafﬂg%'n  earth g&?ﬁiegomﬁgﬁﬂadgﬁh'ﬂg EQSdr§%9tb%%§Q§£$§

addi ng ution o ead conhpound to the reactor.

centration of |QagaEQIQES,SOkHEEQHdOBfauEQﬁg,SOEBQEEQr, a solution
60 vari es depending on the conposifion of the feedstock

and of the catatyftaihifigh 8AChILRA1EOMEERLOBSMBBUNBENENd /or an EAXRLieR
nodes. However, by supplying a | ead conpound

earth metal compound can be added to a reaction system

25

of the direct ML-to-MMA synthesis reaction.

10 The carrier can be selected from a wide variety of
materials, such as activated carbon, silica, alumina,
siliéa—alumina, zeolite, magnesia, silica-alumina-
magnesia, and the like.

Thére is no particular limitation on the amount of

15 the palladium supported on a carrier, but the amount is
preferably'o.l to 20 % by weight, more preferably 1 to
10 % by weight, based on the weight of the carrier.
There is no limitation on the amount of the lead sup-
ported on a carrier, but the amount is preferably 0.05

20 to 17 % by weight, more preferably 0.45 to 8.5 % by

| weight, based on the weight of the carrier. The atomic
ratio of palladium to lead is preferably in the range
of from 3/0.7 to 3/1.3, more preferably in the range of
from 3/0.9 to 3/1.1.

25 The amount of the catalyst to be used varies



to the r.eactor in an anount which is selected in accor- 5 dance with
t he oxygen partial pressure of the gas di scharged fromthe gas
outl et of the reactor, the pal | adium |l ead atomic ratio of the

pal | adi um cat al yst can be kept stably in the range of from3/0.7
to 3/1.3 during the reaction. For exanple, the amount of the 10
| ead conmpound to be added can be selected % a net hod I n which the
oxygen partial pressure of the gas dis- charged fromthe gas
outlet of the reactor is set at 0.02 to 0.8 kg/cnferr],_ and the
concentration oflepeading on the compesigiion of ¢heg fleedgtasipAnt 9%
reduced to a mnimum 15 val ue which can maintain the above-nentioned
range of thexggsalysityi hepresskions f@ndd tipnshe thehFeadti3bm 0. 1
to 2,000 ppm by weight. The_ | ower the_set oxygen rti.al, pressure,
the | ower-the cBREES.r 8other likeg However, when the GaWHYSH 42, Wien

the anmpbunt of the |ead 20 ompound_ i,s too J ar di sadvant ages are
caused in that used in @,slurrsy c l150|pr(?é4t<':’(§xi Uity ut%eeqiq‘eead

t ai ned : h f h ¢ o
ST btk s S AL A

omes high an he by-production nmet hyl

formate is i”Cfgﬁéﬁqeﬁﬁﬂﬁxﬂp%§%§%ﬁ9é%ﬂd%idﬁi di sadvant ages, it is

preferred to reduce the anmoun

61 the | eacrHeD HIERE Mt | tBMMMAN Gyt tth B e idril cdt ase

sure at the gas outlet of the reactor to 0.4 kg/cnferr] or | ess,
mor e pref er abl y gor¥dewiea|iss ranyolof exmvditisres], reaction modes t heuaixygen
partial pressure is too snall, problens

as gas phase reaction, liquid phase reaction and trick-

10 le bed reaction. For example, when the direct ML-to-
MMA synthesis reaction is conducted by liquid phase
reac;ion, any known reactor, such as a bubble column
reactor, a draft tube reactor or an agitation type
reactor, can be employed.

15 In the direct ML-to-MMA synthesis reaction, molec-
ular oxygen is used. Molecular oxygen may be in the
form of an oxygen gas or a gas mixture of an oxygen gas
and an inert diluent gas, such as nitrogen gas or
carbon dioxide gas. Molecular oxygen may be provided

20 in the form of air.

When the above reaction is conducted continuously,
deterioration of the palladium catalyst can be sup-
pressed by cbnducting the reaction while adding a
solution of a lead compound to the reactor. The con-

25 centration of lead in the solution of a lead compouqd



5 arise, such as a lowering of the conversion of netha-

crolein and the formation of unfavorabl e by-products. Ther ef or e,

it is preferred to choose an oxygen parti al pressure which can
prevent the above-nentioned probl ens caused by a |l ack of oxygen
The oxygen concentration 10 of the gas discharged fromthe gas outl et
of the reac- tor should be controf®ed to a | evel not exceeding the
explosion limt (8 % by vol une). The reaction pressure can be
selected froma w de range of fromreduced pressures to

super at nospher i varigs depepﬂeggup@sthsupompqﬁéﬁaqa oOF fhemigedsitocky

kg/crmferr] Is preferred to maintain the reactlo stenlat
a pH of 6 to 9 BRA&F ﬁ?@et I‘F@@tl@'s&r F@%F%%ﬁ?ﬁw& nd %& ect ed

fromthe group consisting of an IkaI ne ry an
al kaline earth ﬁ?@ﬁti@&’r%%?&‘ s Y SYPRIYiRg ahyrip%gf;% %{b(yu%d
-car bonat e, carbgx e _and .t _
. %O%IT%? ‘ﬁoﬁ in an amodn'IJ(%:hlcl'xt is selectedwi%n atbé&gar (i ed

concentration o reaction can

out even at at atP q%g_.r tah_a t%%\{ﬁrd§ HdP a
\ ﬁ% h ti t
reaction3t enpera ure 0 g1 O to 1 I's prefe rred and a

reaction tenper g scharged from the gas outlet of the reactor 65Zhe
ture of from60 to 90 f%rr Cis nore preferred. The reaction

time varies dep%ﬁ@ﬂﬁﬁﬁﬂh/ﬂé&ﬁ'dﬁﬁﬁic ratio oftﬁh§1pHHKhdmumucaﬁnHysu
generally in the range of from
can be kept stably in the range of from 3/0.7 to 3/1.3
during the reaction. For example, the amount of the
10 lead compound to be added can be selected by a method
in which the oxygen partial preésure of the gas dis-
charéed from the gas outlet of the reactor is set at
0.02 to 0.8 kg/cmz, and the concentration of lead in
the solﬁtion of a lead compound is reduced to a minimum
15 value which can maintain the above-mentioned range of
oxygen partial pressure and is in the range of from 0.1
to 2,000 ppm by weight. The lower the set oxygen
partial pressure, the lower the concentration of lead
in the solution can be. When the amount of the lead
20 compound is too large, disadvantages are caused in that
the treatment cost for detoxifying the lead contained
in the waste water from the process for methyl metha-
crylate production becomes high and the by-production
of methyl formate is increased. For obviating such

25 disadvantages, it is preferred to reduce the amount of



1 hour to 20 Hhours. 5 By conducting the direct M-to- MVA

synt hesi s reacti on under the above conditions, a reaction m xture
contai ning nmethyl methacrylate as a nain reaction product is
obtained. In addition to nethyl netha- crylate, the obtained
reaction m xture also contains 10 unr eact ed net hacrol ein and

unr eact ed net hanol, and smal | anmmamts of water and nethacrylic
acid as by- products. The reaction mxture further contains trace

anounts of by-products, such as nethyl formate, nethyl -
i sobut yrat e, i sthet }eatldebppoundebiry Lowesiage theeokygen]) partialg@n@sat e and
the |ike. Wien the above-nentioned reaction nixture-obtained
by the direct MUES- AAthengRSsPUtiekcpEofhps regptest &9 0-4 kg/cmpor
distillation by_introducing the reacti.o I Xt Upe into.a
distillation to&EFS<d@9F&n§FSEe£§giYiH-gig§7§?ﬁ 9F less.y; HowaVgd-e portion
t hereof, an azeo#rop m_xt ure crol.ein ang nethan%

(azeotropic poiH 9“5%BFePF?€eQSBLrtial prﬁggg%ggésuﬁggrsﬁﬁ lﬁoﬂﬁﬂb /
i.e., ; . .0..3.45. %/ 54.3
pressur e$ sl e al‘iggg} SSPICP] g& Fr l%&?‘@ﬁ%pé@%ﬂ@c Egh@e?'sti gx 8%59%

nole % om an upper portion o ation 25

tower. In thisciB3E3RCANAMERR 2XTmatiBR! B#N@hfh¥orable by-products.
63 present in the distillation tower, the excesS et hanol

and a part of nphBybfoRbhaghyliat prefeedeaedobyhbdee an oxygedi REftial
M.-t o- MVA synt hesis reaction) forns an azeotro-

pressure which can prevent the above-mentioned problems

ems

caused by a lack of oxygen. The oxygen concentration
10 of the gas discﬁarged from the gas outlet of the reac-
tor should be controlled to a level not exceeding the
explésion limit (8 % by volume).
The reaction pressure can be selected from a wide
range of from reduced pressures to superatmospheric
i5 pféssures, but is generally from 0.5 to 20 kg/cmz.
It is preferred to maintain the reaction system at
a pH of 6 to 9 by adding thereto at least one compound
selected from the group consisting of an alkali metal
compound and/or an alkaline earth metal compound, such
20 as oxide, hydroxide, carbonate, carboxylate and the
like.
When the concentration of methacrolein is high,
the reaction can be carried out even at a temperature
higher than 100 °C. However, a reaction temperatu:e of

25 from 30 to 100 °C is preferred, and a reaction tempera-



pi c m xt.ure (azeotropic point: 64.5 [err]C as neasured 5 under the
normal pressure, i.e., 1 atm; nmet hanol / net hyl nethacrylate = 93.4
nole %/ 6.6 nole % and the forned azeotropic mxture is
distilled together with the above-nenti oned nethacrol ei n/ met hanol
azeotropic m xture. The liquid distilled fromthe 10 upper portion of
the distillation tower is the liquid 62 Mmxture (1V) containing

|l iquid nethacrolein and |iquid nmet hanol . |If desired, the quuid

m xture (IV) can be recycled and introduced into the

above- ment i onectuimhyef from 60 iy 290 ofCtibeswemone preférredd nixture (1)
and/or into the 15 absorption tower as the liquid mxture (11).

In the above- nenti ore dieacticn i bimepeani¢sndepending Onh@ﬁh?ﬁereac'
above- nenti oned azeotropic m xture of methanol and net hy

net hacryl ate i st¥on reenditions qupwat gt geperally in ?W%Or?ﬁgﬁtafnfﬁﬁmlqu|d
met hacrolein and liquid netha- 20 nol) further contains nethyl
methacryl ate. HHRI®¥ oF@ 20 hours. nep the liquid nmixture (1V) further
cont ai ni ng net hyl

he, dehyd
I i kil SRS S M G S e
and/or into the %?9{8& ﬁﬂ?&? eaébﬁq@?uggﬁaie%;lgona 28actiont REkeQkeaS

liquid n1xture f
64 3%9§ﬁniﬂ%tH@th&ﬂuhétﬁhéiyiﬁtélX% hSmhPRVEbabtyon

I ntroduced |nto t he dehydration tower and/or the ab- ~sorption
tower; hO“eVer,pfadﬁcﬁﬂﬂédoﬁﬁélﬁéase #AYaddition to methyl metha-
crylate, the obtained reaction mixture also contains
10 unreacted methacfdlein and unreacted methanol, and
small amounts of water and methacrylic acid as by-
products. The reaction mixture further contains trace
amounts of by-products, such as methyl formate, methyl
isobutyrate, isobutylaldehyde, methyl acetate, methyl
15 acrylate aﬁd the like.
| When the above-mentioned reaction mixture obtained
by the direct ML-to?MMA synthesis reaction is subjected
to distillation by introducing the reaction mixture
into a distillation tower (designated as J in Fig. 3)
20 at a middle portion thereof, an azeotropic mixture of
methacrolein and methanol (azeotropic point: 58 °C as
measured under the normal pressﬁre, i.e., 1 atm.:
methanol/methacrolein = 45.7 mole % / 54.3 mole %) is

distilled from an upper portion of the distillation

25 tower. In this instance, when excess methanol is



serious.probl,em 5 On the other hand, fromthe bottom of the
distil- | ation tower, a liquid m xture containing |iquid nethyl
nmet hacryl ate and water is obtained. This liquid m x- ture is
purified by a conventional nethod to thereby obt ai n met hyl

nmet hacryl ate. For exanple, the purifica- 10 tion for obtaining high
purity nmethyl nethacrylate can be6®onducted by a nethod in which
t he net hyl netha- crylate/water liquid mxture is introduced into
a phase separation vessel, so that the liquid m xture separates
into an upper IpyeseomnﬂaiMhngdistﬁ}ﬂaﬁéPMwﬁqweEbe expess methanQfer

| ayer containing water; and the upper |aye containin t hyl
met hacryl at e i sangt Ro@B&Ed OEnmetRYL methacquﬂﬁq KQFOSHCF%Mé% q%F%er t han

T g o s SRR A

synthesi s reactign H{"(’)‘tg‘:?%:)m?lf?%f{rﬁglgbf%q Iﬂ.n%‘lqul e as easuz%h(grpounds

and Iom/b0|l|ng Py separatlng met

nmet hacryl at e. ra%[ htehﬁ]o%rlylpressurbe, sT&d hagr y@t.e/ water |iquid

m xt ure $urther ains t ove- neﬁtlone t'race amounts of

by- products (SUgR¥ancdYmethylMaidtHadSAakitey/ | Atles . 4 mﬁ@ W & ®*B/%1édret hyl

acet ate
met hyl acryl at e) m@&r@ﬁﬂ@@t&eﬁﬁcﬁﬁ@r@mre is distidrkkd enoved

during the. purification process for nethyl

together with the above-mentioned methacrolein/methanol
azeotropic mixture. The liquid distilled from the

10 upper portion of the distillation tower is the liquid
mixture (IV) containing liquid methacrolein and liquid
meth;nol. If desired, the liquid mixture (IV) can be
recycled and introduced into the above-mentioned dehy-
dration tower as the liquid mixture (I) and/or into the

15 absorption tower as the liquid mixture (II).

In the aboveé-mentioned distillation operation,
when thé above-mentioned azeotropic mixture of methanol
and methyl methacrylate is ‘formed, the'liquid mixture
(1Iv) (containing liquid methacrolein and liquid metha-

20 nol) further contains methyl methacrylate. Therefore,
when the liquid mixture (IV) further containing methyl
methacrylate is introduced into the dehydration tower
at an upper portion thereof as liquid mixture (I)
and/or into the absorption tower at an upper portion

25 thereof as liguid mixture (II), methyl methacrylate



met hacr yl at e. Some of the above-nentioned trace amounts of
by- 5 products are also contained in the above-nenti oned

liquid mxture (IV) containing |iquid nethacrolein and l'iquid
met hanol . Therefore, when the liquid m xture (I'V) is recycled and
I ntroduced into the dehydration tower as the liquid mxture (1)
and/or into the absorp- 10 tion toweé4as the liquid mxture (I11),
trace anmounts of by-products are inevitably introduced into the
dehydr a- tion tower and/or the absorption tower;, however, the
trace anounts otopfagnedudms the ddauldy aHsdure(ide) is inevitably
dehydration operation and the absorpfion gfefation. 15 urther, the
distillation opéPfrogucest indesrthe dehyrration tower apd/Phi ¥hedPTIv) is
not affected by the presence of anopunt s_ of %y-products

the t
in the reacti onS@option tower; tl'i?r"{?vtﬁﬁ'ai%eﬁ'ipr‘falrcfg Y FFURE - Mva

synt hesi s reac- . 1,0 20 In the present invention
wi th respect to%ﬁﬁ%ﬁ%ﬁx?rébléh' of the distillation tower (designated as

Jin Fi 0y 3) on ;l:r?ﬁj.cfﬁ{ex‘)tﬁéﬂd‘,i NErddCehd BbOedth XS £ €né | Yisepd-the

met hyl t hacryl at e/ wa iquid mxture fromthe upper portion

thereof and fromddiemAdwe® ! herefuid 8desure ddntainihg VELYuidh@éehys no
particular limtation, and any

66 coméiHdcifllath Hnd lwitan iovettatned. asThipl biguidweix-
or a packed tower, can be used. However, since netha-
ture is purified by a conventional method to thereby
obtain methyl methacrylate. For example, the purifica-
10 tion for obtaining high purity methyl methacrylate can
be conducted by a method in which the methyl metha-
cryl;te/water liquid mixture is introduced into a phase
separation vessel, so that the liquid mixture separates
into an upper layer containing methyl methacrylate and
i5 a lower layer containing water; and the upper layer
| containing methyl methacrylate is introduced into a
distillation tower (other than the above-mentioned
distillation tower used for the distillation of the
reaction mixture obtained by the direct ML-to-MMA
20 synthesis reaction) to distill off high boiling point
compounds and low boiling point compounds, thereby
separating methyl methacrylate. Although the methyl
methacrylate/water liquid mi#ture further contains the

above-mentioned trace amounts of by-products (such as

25 methyl isobutylate, isobutylaldehyde, methyl acetate



crolein, methyl nethacrylate and nethacrylic acid, whi ch are

I ntroduced into the distillation tower, are 5 easily polynerizabl e
conpounds, it is preferred to use a tower having a structure such
that clogging with the _ pol ynmeri zed products does not occur, or
having a struc- ture such that, even when the clogging with the
pol ym erized products occurs, th&3polynerized products can be 10
easily renoved. Specific exanples of distillation towers incl ude

a plate tower provided with a sieve . tray, cascade tra
turbogrid tray, amd mgiihyk agrylate), thﬁsqIR¥12489“9£ﬁ1§fﬁxﬁﬁR§£ ?é@ﬁ

which is regularly acked mnth ackin terlals such as | apak
and 15 Sulerét emayed %#3&? " ¥
Heavy I ndustri es, %ﬁ(ﬂ 1-a}pan) In the nethod of ‘the present

i nvention, an ap5t fY a priate distillation tenperature in the

distillation £ (G480 AREh R thiddl Rtbedlanii e slergpd ng on

20 t he dlstlllatlon pressur e conposition i qui d

in the d still atpLzQﬂixI Fard 'ﬁ.é’k‘:”%{tﬁnéd a4 the aboveldedt¥ord@tillation

t ower the I wever, 1n order to suppress the generation

of the above e t;@rﬁﬂ mixture (PP} Yo tZExch iy 4 (migthaetbI¢:0m and
met hacr ol ei n, et hyl nmet hacryl ate or methacrylic acid, which are

easily liquid methanol. Therefore, when fhe liquid mlxture
pol ymeri zabl e conpounds) and the generation of high
(IV) is recycled and introduced into the dehydration
tower as the liquid mixture (I) and/or into the absorp-
10 tion tower as the liquid mixture (II), trace amounts of
by-products are inevitably introduced into the dehydra-
tion“tower and/or the absorption tower; however, the
trace amounts of by-products do not adversely affect
the dehydration operation and the absorption operation.
.15 Further, the distillation operation for separating the
liquid mixture (IV)lis not affected by the presence of
the trace aﬁounts of by—pfoducts in the reaction mix-
ture obtained by the direct ML-to-MMA synthesis reac-
tion.
20 In the present invention, with respect to the type
of the distillation tower (designated as J in Fig. 3)
used for obtaining the liquid mixture (IV) and the
methyl methaérylate/water liquid mixture from the upper

portion thereof and from the bottom thereof, respec-

25 tively, there is no particular limitation, and any



boi | i ng .poi nt- conpounds (whi ch causes the | oss of met hacrol ei n
nononmers or nethyl nethacryl ate nononers) to a mnimmlevel, it
is preferred that the distilla- tion tenperature is as |ow as
possi bl e. However, when 5 the distillation tenperature is too |ow,
~di sadvant ages are likely to be caused such that the distillation
pressure al so becones |low, so that it becoggs necessary to use the
distillation tower having a di sadvant ageous- ly large size, and
that it becones necessary to use a 10 cool ant for concentrating the
gas phase at theonppational distiidatipor ttoweref suich disst Idl@tieortawater .
Speci fically, with respect to the distillation conditions, the

di s- t or| at beckednprorarur capr behasednpe HRW@VeTof SINCS MAkhp-

at the bottomportion of the distillation tower_is 15 referably

~within the rangereleipeonmplhyd meshecridpte and methacawddaFid.om 70 to
Fange of 1rom awhich e 1EHORNcEfedsiPe WHE SIS HRNATET T A |
1 Ten ne b e G LM IR 0 s gt 84 080,
obtaining the o oWl Wing o serudeizy GUEPLAR Lidhdidy wiekiEt for
met hacryl at e/ valgf ymé2ized priciitictsNaddd idt FBJUIE 6l&éﬂoefam§ i Dnsthes-eof

and from t he bottom
t hereof, respeciturel yuchaheft)r @ver wheén the clogging with the polym-
erized products occurs, the polymerized products can be
10 easily rsmoved. Specific examples of distillation
towers include a plate tower provided with a sieve
tray: a cascade tray, a turbogrid tray, a ripple tray
or the like, and a packed tower which is regular;y
packed with packing materials, such as Mellapak and
15 ‘ Sulzer packing (each magpfactured and sold by Sumitomo
Heavy Industries, Ltd., Japan).

In the method of the present invention, an appro-
priate distillation temperature in the distillation
tower (designated as J in Fig. 3) varies depending on

20 the distillation pressure, the composition of the
liquid in the distillation tower, the number of trays
in the distillation tower and the like. However, in
order to suppress the generation of the above-mentioned
polymerized products (derived from methacrolein, methyl

25 methacrylate or methacrylic acid, which are easily



preferred that a polynerization inhibitor is added to the liquid
phase in the distillation tower in an anount of from10 to 1000
ppm by weight. Wien the liquid 5 m xture (IV) containing |iquid

met hacrolein and liquid met hanol is recycled and introduced into

t he dehydra- tion tower at an uppg4 portion thereof and/or absorp-
tion tower at an upper portion thereof, the above- nment i oned

pol ymeri zation inhibitor also serves to 10 suppress the

pol ymeri zati on I I, idgﬁéf&%%bﬁ(gfrﬁxgﬁﬂihg t he
liquid m xture ?§6gﬁéﬁﬁuiaﬂr@ %Ebghp gg)ofngbﬁ;ﬁgrlzation i nhi bitors

generally em poiling RloA¥td dotifoudRN Y WHAGH RS EHh awsdiaZi ne.
One enbodi ment of the nethod of the present inven- 15 tion will now

be descri bed w metheleiodeds moongtrs br methyl amcthicrylate monomersis
shown in Fig. 1, at |east one starting materi al selected fromthe
group consi sti ngoofa melolimtup devednd it is prefigmed)that|the didfeklad to a
gas phase catalytic 20 oxi dation reaction with nol ecul ar oxygen in
the pres- tiogndenperatomen issag davh@BPHHiRier a RSy ( Mhen

cont ai ni Ag met hacrol ein gas and steam and the obtained _. as (a)(1)
i s introduced iﬁ?@zﬁqﬁﬁéi%ﬁﬁiﬂﬁi?ﬁFRﬁr%¥ure is t°Qnﬁ9ﬂﬁﬂ4ﬁF??N@Ré%9$éso as

Lo ed te I s%e 1hkely €6 be cauif Wion" e S ML AFL SR

supplied to a | _ _
portion of the %li'eens%rt].{rneg atlosvo\erbéc@meé q%%w,caégl%é hl.'et becomes necessary

to use the distillation tower having a disadvantageous-
1 ly large size, and that it becomes necessary to use a

° coolant for concehtrating the gas phase at the upper-
most portion of the distillation tower. Specifically,
with respect to the distillation conditions, the dis-
tiliation temperature or the temperature of the liquid

1 at the bottom poftion of the distillation tower is

° preferably within the range of from 70 to 100 °C,'more
preferably from 70 to 85 °C, and the distillation
pressure is preferably within the range of from a
reduced pressure of 500 Torr to 2 kg/cmz.

5 As mentioned above, methacrolein, methyl metha-

° crylate and methacrylic acid, which are easily polymer-
izable, are introduced into the distillation tower
(designated as J in Fig. 3) used for obtaining the
liquid mixture (IV) and the methyl methacrylate/water

95 liquid mixture from the upper portion thereof and from

S



steamin the.gas (a)(1) to be condensed to thereby produce water.
The water produced is discharged out of t he gquenchi ng system from
a bottom portion of the 5 guenching tower (A) as waste water (3).

Hi gh boiling poi nt by-products contained in the gas (a)(l) (water-
sol ubl e organi c acids, such as nethacrylic acid, acry- lic acid,
acetic acid and naleic acid which are by- 68 produced in the

nmet hacrol ein synthesis reaction; and 10 furfural and terephthalic
acid and the |ike which are produced by cycl odi merization of-the
by- produced or getme bottom théreaf) dsespgativelyed Bbhenafpoeei Ataig the
like) are al so di scharged out of the quenching s¥sten1together
with the waste preferysd. tisyttapokymerhzagionnhénhibiter 1s addgd ite
rapidly cooled to a tenperature which is grefer-_ ably.in the range
of from room t eipRrhigptdiBhase p e di tlllatﬁBPetﬂWEFeF8b¥9 PRSHPS0 to

ﬁgpginnst port:%ﬁ EFﬁQﬁﬁéggéngﬁ$ﬁ885%wggsfé§&9§?Fgﬂggﬁt%ﬂergégﬂggcting
. W . : . heh f dl
o ey ppFbfe Y L88cBhEha i puta merhoghhln' bkt dguae ol

count ercurrent ﬁg@%%ﬁéﬁ %% fﬁgyCQ%&ha Heﬂﬁekaggﬁﬁheﬁnkg'%hetﬁgh9ﬁ§aLa) i;5

further _ _ extent that, the internal pressure
of the quenCh'HGiéﬂmﬁéwé£0atsaﬁ-Q?bgfcﬁﬁﬁﬁibn therke#randyor absorp-

70 ture of the gas (a) at the uppernost of the quenching
tion tower at an upper portion thereof, the above-
mentioned polymerization inhibitor also serves to

10 suppress the polymerization of methacrolein in the
pipes used for recycling the liquid mixture (IV).
Examéles of polymerization inhibitors generally em-
ployed include hydrogquinone and phenothiazine.

One embodiment of the method of the present inven-

15 tion will now be described with reference to Figs. 1
and 3.

As shown in Fig. 1, at least one starting material
selected from the group consisting of isobutylene and
tert-butanol is subjected to a gas phase catalytic

20 oxidation reaction with molecular oxygen in the pres-
ence of a catalyst to thereby obtain a gas (a)(1l)
containing methacrolein gas and steam, and the obtained
gas (a)(1l) is introduced into a bottom portion of a
quenching tower (A) so as to cool the gas (a)(l) by

25 contact with quenching water (2) supplied to a lower



tower (A) becomes preferably from30 to 60 [err]C, nore preferably
from40 to 50 [err]C. Then, the thus treated gas (a) is introduced
into a | ower portion of the 5 dehydration tower (B) as a partially
dehydrated gas (4) cont ai ni ng net hacrol ein and steam

On the other hand, the liquid mxture (1)(5) containing liquid

nmet hacrolein and |iquid nethanol is 691 ntroduced into an upper
portion of the dehydration 10 tower (B) and allowed to flow
downwardly therein and contact countercurrently with the parttially
dehydr at ed portigas of4 xheBguehehd agnttemenr (@i, ddwsacausinyg tihe gas
(4), substantially all of the liquid mxture (1)(5) is gasified to
t hereby form a g&eami sinuthe( gap dent(di)niteyg bel Sondensest ecrtdienebyas and
met hanol gas. At this tine, the steamin the partially dehydrated
gas (4) is deprPyeguce water.of Thie WeAesnhPuedcest ig dischanasd gt hce

i's caused to be Qondensed to rodu&)& wat er, and t he produced

wat er flows dowiiPRoWREFBILoFYSTeME &é'nfd Sheus tp&ﬁé:r"‘mzd’f the gy and is
di schar ged from t he t o of t deh r
separ at ed wat er 4 ?‘%3‘? ?o %) & Uatiee §AE% the pg} écfﬁ)llng

dehydr at ed gas d,_q.{%/ Sy ( -

contai ning meth cr(r)’l e| gh%cts contalﬁletdo ih CQS \E/kvlqlt)(F:lt )amﬁlgttoegret her

\chfah :)Bgr gas m éb‘ih%le?%rganlc( lachiaas %di‘?mé@ %‘I&ﬁté]ﬁ%rlrﬂd(té&ﬁ ( tﬁc(rrz?s—t from
u -

portion of the delydicid, oradedi’y adild aMd nidleic acid vﬂﬁlﬁtﬂraﬁeed::}g-as
m xture (b)(7) is introduced into a
produced in the methacrolein synthesis reaction; and
10 furfural and terephthalic acid and the like which are
produced by cyclodimerization of the by-produced organ-
ic aéids, synthesized methacrolein and the like) are
also discharged out of the quenching system together
with the waste water (3). By this quenching, the gas
15 (a) is rapidly cooled to a temperature which is prefer-
ably in the range of from room temperature to 95 °C,
more preferably from 30 to 80 °C.
The thus quenched gas (a) ascends toward the
uppermost portion of the quenching tower (A) while
20 contacting countercurrently with quenching water (2')
which flows downwardly from an upper portion of the
gquenching tower (A). By the countercurrent contact
with quenching water (2'), the gas (a) is further
cooled to the extent that, when the internal pressure

25 of the quenching tower (A) is 1.0 kg/cmz, thé tempera-



| ower partiom of the absorption tower (C). The separated
water (6) withdrawn fromthe bottom 5 of the dehydration tower (B)
can be di scharged as such out of the dehydration system However,
it is pre- ferred that the separated water (6) is used as the
guenching water (2). That is, when the separated water (6) is used
as the quenching water (2), nost of the 170 nmet hanol , net hacrol ei n and
met hyl net hacryl ate which ~are contained in small anmounts in the
separ at ed wat er (6) are gasified and t hen eng;q%ped b heggas
(a), t lurebpLekhsl OA§ (Rd Adt FRFoMPPREMPSH SfeiiCa Y

nmet hacryl ate to be regoyered. 15 0, Fi show, anpl e of
a systemfor  ‘Tower gPéc%FEPW&stRgegﬁﬁﬁglghﬁggwhg%%%ﬁ?qgheQ%e?ﬁggfof_the
present inventign, .th e [ Ng At ln( A~ an e delaydrad i on
tower (B) are dgﬁ,égﬁg%bg% s@'cec%gr %Pe%\éeSPo-)c' G}-htef},, \}:lht?ea:htuv?o tomer%

However, it Is V\grlaﬁo(gqsiisbliﬁt%ﬁhc%d 3Rto a UAME" RAiGNGARHYpPer part

of a single to are ‘used as a quenching tower (A) and a

dehydr at |éon t oWgphBration tower §¥PEGEd lpartially dehydratiie giahyds pt ed
gas mxtdre (b)(7) obtained from the uppernost portion of the
dehydrati on t owgbniBlinihg #ethacroldirodmedtadm a | ower portion of the
absorption tower 72

(O . In the absorpti om tuheeother, hamd,gashg idwid mixture {J e to
contact countercurrently with the liquid mxture (11)(9)

cont ai ni ng Iiqub@nhaﬂmingﬂLﬁquiﬂumethacrolein and liguid methanoL is
introduced into an upper portion of the dehydration
10 tower (B) and allowed to flow downwardly therein and
contact countercurrently with the partially dehydrated
gas (4). By the countercurrent contact with the gas
(4), substantially all of the liquid mixture (I)(5) 1is
gasified to thereby form a gas mixture (I') containing
15 methacrolein gas and methanol gas. At this time, the
. steam in the partially dehydrated gas (4) is deprived
of the latent heat of gasification and hence is caused
to be condensed to produce water, and the produced
water flows down to the bottom of the dehydration tower
20 (B) and is discharged from the bottom of the dehydra-
tion tower (B) as separated water (6). By this dehy-
dration, the partially dehydrated gas (4) is converted
to a dehydrafed gas (a') containing methacrolein, and
the gas (a') is withdrawn together wifh the gas mixture

25 (I') as a dehydrated gas mixture (b)(7) from the upper-



| i quid methamol, which is introduced froman upper 5 portion of the
absorption tower (C). By this counter- current contact, the gas
(b) is caused to be absorbed by the liquid mxture (I1)(9) to

t hereby obtain the liquid mxture (I11)(8), which is wthdrawn
fromthe bottom portion of the absorption tower (C. 10

A gas containing a trace anount of nethact”d ein, whi ch has not
been absorbed by the liquid mxture (I1), S discharged as vent
gas (10) fromthe uppernost - ortion of the abs ptiqn gomer (0.
This vent gas most PortemﬂaPﬁsthﬁtﬁ%gﬁﬁraﬁ%9ﬁeﬁ°wﬁ§ 6P EQ& E&Fobon

di oxi de, 15 unreacted i1sobuty Ieng ?gieacted neghacaole%n and the
like. OF these dehpdrmted gassBivRLER £BA tBnyBFFRgUCed 1RTO By (41 hon

di oxi de are conyerted to,it, and bt a ar bon di oxi de
used as a part BPYERePQFFHEH: © ? Fk?hggsorbgggn towﬁac#oﬁeln synihéels 'S

reaction. The l'qu'dTﬂLXE%égra%gd rek! L Fé}éitﬂh& ghaWQOErQ ! Be R om

portion of the orptlon BoWer IS used as a fee stock for the
di rect M- o Mes hgshgaraeebhoR B) can be $i8BhhhgelEhRaGuRhei N
content ®f the qﬁﬁ% ﬁ?x? °Wﬁfe‘(3 c)(8) correspg%ds to an anount
which is |argerougbof thet BaRylikatsbal ehiseemLr | Hoaew&t, iRt tiee piie~ect

M.-t o- MVA synt hesi s
reaction, the negpeedothat thet eepatayedpwater (6) lslusaﬁlpsb¢h@djusted to
a desired level by dilution with nethanol, a liquid m xture of

met hanol and neghenching water (2). That is, when the separated water
(6) is used as the quenching water (2), most of the

10 methanol, methacrolein and methyl methacrylate which
are contained in small amounts in the separated water
(6) ere gasified and then entrained by the gas (a),
thereby enabling the methanol, methacrolein and methyl
methacrflate to be recovered.

15 In Fig. 1 showing an example of a system for
practicing the above embodiment of the method of the
present invention, the quenching tower (A) and the
dehydration tower (B) are depicted as separately pro-
vided two towers. However, it is also possible that a

20 lower part and an upper part of a single tower are used
as a quenching tower.(A) and a dehydration tower (B),
respectively.

The dehydrated gas mixture (b)(7) obtained from
the uppermost portion of the dehydration tower (B) is

25 introduced into a lower portion of the absorption tower



crolein.or a:liquid mxture of nethanol, nethacrolein 5 and net hyl
nmet hacryl ate. The liquid mxture (I111)(8) obtained as

ment i oned above is introduced into an oxidative esterification
reactor (the direct M-to-MVA synthesis reactor) (D). In the direct
M.-t o- MVA synt hesis reactor (D), the 10 i qui d nethacrol ein and

| i quid nmet hanol, which are containgd in the liquid mixture
(rrr)(8), are subjected to an oxidative esterification reaction in

t he presence of nnlecular oxygen and

pal | adi um (C).cal®y Foe abFTRIIEY) YOGy c,(é:rB reseﬂgnsr sat e in the
rylate, vater, SAPHEE: GRo TR SrECHRRS rﬁerﬂectﬂ'ylwi@ g diguiq

d d, h F

6o 165, 55 STOMLLE 83 Catpgo, sl ARG 1

obt ai ned by the,qi t %&ﬁﬁ%
i ntroduced i nt Oﬂ.d{ﬁ% me%:@xaéxoalr aylllhg'n t ower I st ﬁ%at I on towef’igi ’f for
separatipg — portilde dFtt*iéCfa‘ﬂs%ﬂaﬁ% Ry alc ¥ F oy han i asdiriierd X-

ture. That is, |nthe separation tower (distillation tower) (J),

the reaction nm gusrentl Ponucte tHdiRE qb) A causdd b He |duEdrbed and a
liquid mxture (1V)(25) contain-

74 ' I NGy ithie d irptikbarictteire Il ) (Nuitb nelercety okstapint atheed
by separation froman upper portion of the distillation tower. At

the sane tinme, diqujd cipitune o 122)(&on-which is W#Qh¢ﬁ¢KPI5¥RNcFm%thyl

nmet hacryl ate and water is recov-
bottom portion of the absorption tower (C).

10 . A gas contalnlng a trace amount of methacrolein,
which hés not been absorbed by the liquid mixture (II),
is discharged as vent gas (10) from the uppermost
portion of the absorption tower (C). This vent_gas
contains nitrogen, oxygen, by-produced carbon dioxide,

15 unreacted isobutylene, unreacted methacrolein and the
like. Of these compounds, those which can be converted
to carbon dioxide are converted to it, and the obtained
carbon dioxide is used as a part of the diluent for the
methacrolein synthesis reaction. The liquid mixture

20 (III)(8) withdrawn from the bottom portion of the
abéorption tower (C) is used as a feedstock for the
direct ML-to-MMA synthesis reaction. |

When the methacrolein content of the liquid mix-
ture (III)(B) corresponds to an amount which 'is larger

25 than the stoichiometric amount in the direct ML-to-MMA



5 ered fromthe bottomportion of the tower (J), and | ow

boi li ng point by-products (15) are discharged fromthe upper nost
portion of the tower. The thus obtai ned ' liquid mxture (IV) can be
recycled to the dehydration tower (B) and/or the absorption tower
(O, and can be 10 used as the liquid mxture (1) and/or (I1).

Fig. 2 schematically shows an exanple of #3¥ystem used in a
conventional nmethod in which the dehydration of and the absorption
of nethacrol ein are conducted usi ng net hanol to thereby .obtain a
liquid mixture $mth§§is reackiol; r Ehe NEtFBCWA%?nFHQEFE‘tr@é& PBA: the

obt ai ned qui d mxture is subj ected,to.t ct -1 0- MVA
synt hesi s reacthﬂn?Blngﬁlﬁdé“FEﬁétFBn n&??ﬁF@d gﬁﬁe M':ugr‘?faLf)ﬁanol i s

separ at ed fron1“b§30bt?hgﬁ%&ﬁﬁaciégﬂiglmixﬁurﬁhof mg%ﬁg oIhg abﬁﬁ%h et hod

has been constr e conventronal netho s a

Speci ficati on_ SLOTERTos o LiquidoREREaRe Bl ResiRL TR Bl e 5 50

Speci fication

and 57= 3&48 thyl methacr 1aEg the systemshown in Fig. 2, a
reactlcw5n1xtura e ? obtai ned by the direct M-to-MVA synthe5|s

reac- The llquld mixture (III)(8) obtained as mehdidned@\er
| ayer (21) conposed mainly of mnethanol. The obt ai ned upper | ayer

(20) conposed nmabbkg 6k Gatroduced in€bean] oxdidatdied esperdEdcad ons
recycled to the unreacted met hanol separation tower (F). On the
ot her hand, thereactor (the direct ML-to-MMA synthesis reactor)(D)
In the direct ML-to-MMA synthesis reactor (D), the
10 liquid methacrolein and liquid methanol, which are
contained in the liquid mixture (III)(8), are subjected
to aﬁ oxidative esterification reaction in the presence
of molecular oxygen and in the presence of a palladium
catalysf, to thereby produce methyl methacrylate in the
15 form of a reaction mixture cohtaining methyl metha-
| crylate, water, methacrolein and methanol.

Further, if desired, as shown in Fig. 3, a reac-
tion mixtu:e (containing methYl methacrylate, water,
methacrolein and methanol)(13) obtained by the direct

20 ML-to-MMA synthesis reaction may be introduced into a
sepafation tower (distillation tower)(J) for separating
the methacrolein and methanol from the reaction mix-
ture. That is, in the separation tower (distillation

tower)(J), the reaction mixture (13) may be subjected

25 to distillation, and a liquid mixture (IV)(25) contain-



5 lsower :l ayer (21) conposed mainly of nethanol is sub- j ected

to distillation in the unreacted nethanol recov- ering tower (H),
wherei n nmet hanol (22) is recovered fromthe bottom of the
unreact ed nmet hanol recovering tower (H) and recycled to the
dehydration tower and the 10 absorption tower. Fromthe top of the
unr eact ed net ha- nol recovering tfer (H), the C6 - Cerr]

sat urated hydro- carbon is distilled in the formof an azeotropic

m x- ture thereof with methanol, which is recg Ifd,to Lhe -
phase separatlohngeﬁégPl?Gmet#ﬁE§°1?ﬁ§ epfatifpid maghansl is opteipedy of
t he unreacted ng%hanol

present inventiBH, SERBT 3ﬁiggefr°m an uBB?Edpﬂﬁfﬁgﬂo?g %gﬁrgg%ggg%gﬁ%?ﬁ(F)
e maeye 5P fower,  at thhRaNelRihel b 11BG140REAENED FBUYRS

recovering e pfpeli System conn hese 20

appar at uses, ?ggﬂﬂﬁgres ﬂ@d'ﬂeg ?1 &etﬁ%&r??&t@eﬁﬁﬁawater is %@E&v-ThUS

by the nethod o i nvention beconme possible to

short'en and si ngkiaysiba éhéesbttom ortibh- be- M¥B R6REeS$ IN0Or aREOdLE Ng
met hyl t hacryl ate. This effect is very remarkable. Further,

since the 25 poillRghpdint bieppbdactkt i msenhréndﬁsahbegedndtmtned:hu t h-
77 out using the above-nenti oned apparatuses and the

pi pel i ne syst emuppeemosthpdrtfionhhefptheecttbwemrvenThenthus obtadaedbe

advant ageously perforned w t hout suffering troubl es, which

i nevi tably accokpanidt méxtumeckIVongen be recY#éEﬁoﬁoaﬁbewﬁBbNQQﬁﬁHWN t he

st abl e operation of the
tower (B) and/or the absorption tower (C), and can be

10 used as the liquid mixture (I) and/or (II).

Fig. 2 schematically shows an example of a system
usedhin a conventional method in which the dehydration
of and the absorptioh of methacrolein are conducted
using méthanol to thereby obtain a liquid mixture for

15 the direct ML-to-MMA synthesis reaction; the obtained
liquid mixture is subjected to the direct ML-to-MMA
synthesis reaction to obtain a reaction mixture; and
methanol is separated from the obtained reaction mix-
ture. The above method has been constructed by combin-

20 " ing the conventional méthods as described in Unexamined
Japanese Patent Apélication Laid-oﬁen Specification
(Japanese Kokai) Nos. 56-87530, 58-157740, 57-9739 and
57-9740.

In the system shown in Fig. 2, a reéction mixture

25 (13) obtained by the direct ML-to-MMA synthesis reac-



producti-on plrant for nethyl methacrylate, such as the cunber sone

operations using the unreacted nethanol recovering tower (H) in
which a plurality of azeotropic systens are present; the clogging
of the distillation 10 colum, which is caused by the polynerized

pr oduct formed due to the change igsoperation condi tions; and

t he unfavorabl e changes in the conpositions of the phase
separation products, which are caused by the subst ances

accumuiated in hy A iidd Abyss!() Wkibosed mainly G W shal. the

present inventioni1s free fromt difficulties encountered by the

comer ci al scal @yy ¥btained uppdr CEayr t(IBD X Worgdsead akaihleadf Mg t-o- MVA
pr ocess. 20 25 - 78

BEST MODE FCR CARWaNar@fed Hiyd4a¥HdN is recycled to Heheiwmetasted he
present invention is described in nore detail wth reference to

Exanpl es and Comgtihedriode separatiorxtonsres(F Wi On sthellether hrndorthe ued

as limting the 5 scope of the present invention.
5 lower layer (21) composed mainly of methanol is sub-

jected to distillation in the unreacted methanol recov-
ering tower (H), wherein methanol (22) is recovered
from the bottom of the unreacted methanol recovering
tower (H) and recycled to the dehydration tower and the
10 absorption tower. From the top of the unreacted metha-
nol recovering tower (H), the Cg - Cg saturated hydro-
carbon is distilled in the form of an azeotropic mix-
ture thereof with methanol, which is recycled to the
phase sépaiation vessel (G). Thus, the separation and
15 recovery of the unreacted methanol are performed.

In the method of the present invention, the unre-
acted methanol separation tower (F), the phase separa-
tion vessel (G), the unreacted methanol recovering
tower (H) and the pipeline system connecting these

20 apparatuses, which are shown in Fig. 2, are not neces-
sary. Thus, by the method of the present invention, it
has become possible to shorten and simplify the direct
ML-to-MMA process for producing methyl methacrylate.
This effect is very remarkable. Further, since the

25 method of the present invention can be conducted with-



In the Exanplles and Conparative Exanples, various measur enent s
wer e conducted by the foll ow ng nethods. 10 a) Quantitative
anal ysi s of nethacrol ein gas, acetone gas, isobutylene gas and
car bon di oxi de gas cont ai ned I n a gaseous sanpl e by gas

chromat ogr aphy (GO): I\/Easuggrrent was conduct ed under the
following 15 condi tions by means of the bel ow descri bed apparat us.
i) Chromatograph: GC-3BT (nmanufactured and sold by Shi madzu

Cor porati on, Ja%o‘fsdi%%/ the 4ol i dkkd ap%%rat%%g)p&ﬂé Ltiver apak- Q5

(manuf actured an Wat ers Assoc. .

Packing length gf;j (0l M@ sys¥Bm, the method &P| @ pra®enelimeentbol
Carrier gas: helfum 25 Detector: thermal conductivity detector

(TCD) _ can be advantageously performed witfout suffering)
Quantitative analysis of oxygen gas, nitrogen gas and carbon
nonoxi de gas cort@uleles N whiycts einsvistaiply accompany byhé&onvestional
Measur enent was conducted under the foll ow ng condi tions by neans
of the bel ow desuetlxd apdawkich prevent the stable operation of the
production plant for methyl ﬁethacrylate, such as the
cumbersome operations using the unreacted methanol
recovering tower (H) in which a plurality of azeotropic
systems are present; the clogging of the distillation
10 column, which is caused by the polymerized product
formed due to the change in operation conditions; and
the unfavorable changes in the compositions of the
phase separation products, which are caused by the
substances accumulated in the production system. Thus,
15 the method of the present invention is free from the

difficulties encountered by the commercial scale prac-

tice of the conventional direct ML-to-MMA process.

20

25



I ) Chromat ograph: GC-3BT (manufactured and sold by Shi madzu

Cor poration, Japan) 10 1) Colum Support: Mol ecul ar
Si eve 5A (manufactured and sol d by Shimadzu Corporation, Japan)
Packi ng I ength of colum: 3 m Col um tenperature: 70 [err]C
15 Carrier gas: argon Detector: TCD

c) Quantitative analysis of liquid nethachPein, liquid nmet hano
and liquid nmethyl methacrylate contained in a 20 | i quid sanpl e by

cC. VEASHEF AGhE "AOR CCARKEIRE B0GCTHENENBIGBNNG
conditions by nmeans of 1)

Chr omat ogr aph:  GC- 9AHRRAKHRAWY, e%rﬁ'%:&&@hnventlon is described in

80 Shi mnadzu Cor porati on, Japan) ii) Columm
Support: ChronDmeire HakaliTaruftdc refRe-dhcdVaity iBkamples and @ompdrdtdre USA,
and sol d by Shimadzu Corporation, 5 Japan) Packi ng

| engt h of col umBxatples, which should not be construed as limiting the

5 - scope of the present invention.

In the Examples and Comparative Examples, various

measurements were conducted by the following methods.

10 a) Quantitative analysis of methacrolein gas, acetone
gas, isobutylene gas and carbon dioxide gas contained

in a gaseous sample by gas chromatography (GC):

Measurement was conducted under the following

15 conditions by means of the below-described apparatus.

i) Chromatograph: GC-3BT (manufactured and sold by
Shimadzu Corporation, Japan)
ii) Column
20 Support: Porapak-QS (manufactured and sold by
Waters Assoc. Co., USA)
Packing length of column: 5 m
Column temperature: 75 °C
Carrier gas: helium .

25 _ Detector: thermal conductivity detector (TCD)



Col um tenperature: elevated from 120 [err]C to 180 [err]C

Carrier gas: helium Detector: flanme ionization detector (FID)
10 d) Quantitative analysis of liquid nmethacrylic acid

contained in a li-quid sanple by GC Measur enent was
conducted under the followng 15 condi tions by means of the

bel ow descri bed appar at us. i) ChP8nat ogr aph: GC- 4CPTF

(manuf actured and sol d by . Shi madzu Cor poration, Japan)

ii) Colum 20 Packing materials: Stationary liquid phase /

Thastries, Lta ) RUSTECGE W RUVEEE BEoRlosl B8, pivrogen 985,00
Packi ng length(§n§;§é¥35nzhéﬁo%§§?Lﬁﬁs cont&I%&&“iﬁﬁgFgéééHﬁg:f%ﬁéléerr]C

81 rrier gas: ctor: F
e) Water contentppfg@ |iquid sanple 5 The water content of a
liquid sanpl e was deter-.. m ned using a Karl Fischer coulonetric
noi st ure content

5

Measurement was conducted under the following

conditions by means of the below-described apparatus.

i) Chromatograph: GC-3BT (manufactured and sold by

Shimadzu Corporation, Japan)

10
ii) Column
Support: Molecular Sieve 5A (manufactured and
sold by Shimadzu Corporation, Japan)
Packing length of column: 3 m
Column temperature: 70 °C
13 Carrier gas: argon
Detector: TCD
c) Quantitative analysis of liquid methacrolein, liquid
methanol and liquid methyl methacrylate contained in a
20 ligquid sample by GC:
Measurement was conducted under the following
conditions by means of the below-described apparatus.
25

i) Chromatograph: GC-9A (manufactured and sold by



meter, VA-02+(manufactured and sold by Mt subi shi Chem ca

I ndustries, Ltd., Japan). 10 f) Conversion of nethacrolein (%

The conversion of methacrolein (% was cal cul ated by the follow ng
formula: - Conversion of nethacrolein (%9 = nol ar
anount of nethacrolein : contained in the reaction 15

m xture whi ch was wi t hdr awn 80 fromthe oxidative
esterification react or 1 -

x 100 unt hacrol ei n
introducedi|ﬂ()§qﬁpigf%dgn SIS esterification reactor

20 g) Seleciiy %i&&ﬁ nmet hyl nmethacrylate (% The
selectivity for h nethacrylate (% was cal cul ated by the

fol l'owi ng formula: ? ort: é?i-&ﬁéé&ﬁhé?r%ﬂ&ﬁbiécﬁﬁi-éacbiﬂ Bhavite =

82 nol ar~ anount of nethyl nethacryl ate

contai ned in thec¢Lgstaeion] XU$AE and sold by Shiimsdzuasovpbidtasn,from the
oxi dati ve esterification reactor

x 100 5 Japan) anmount of mol ar anount of

nmet hacr ol ei n nmet hacrol ein contai ned 5 i ntroduced into

in the reaction Packinghkengtbavfveolumn: 4 mm xture mhich was
esterification wi thdrawn fromthe reacto

OXIdatlve esterifi catfohumn temperature: elevated from 120 rgagpopeo °C
Carrier gas: helium
Detector: flame ionization detector (FID)
10
d) Quantitative analysis of liquid methacrylic acid

contained in a liquid sample by GC:

Measurement was conducted under the following

15 conditions by means of the below-described apparatus.

i) Chromatograph: GC-4CPTF (manufactured and sold by
Shimadzu Corporation, Japan) |
ii) Column

20 Packing materials: Stationary liquid phase /
support: FFAP20 / Chromosorb W (manufactured by Shinwa
Chemical industries, Ltd., Japan, and sold by Shimadzu
GLC Center, Japan)

Packing length of column: 2 m

25 Column temperature: 145 °C



The fol l.ow ng Exanpl es and Conparative Exanples 10 are described with

reference to Figs. 1, 2 and 3 in the acconpanyi ng draw ngs.
Exanmple 1 | sobut yl ene was subjected to a gas phase catal ytic
15 oxi dation reaction with nol ecul ar oxygen in the pres- ence
of a catalyst in accordance with a conventj onal met hod to thereby
prepare gas (a) (1) containing netha- 81 crolein and steam The
prepared gas (a) (1) was intro- duced into a quenching tower (A)
to renove therefronlﬁ 28 Labgiigartion of the steam and by-produced
hi gh boi | - i WG~ pdPht IB8EHs'aNces and acids, by cooling the gas to a
tenperature of 44 [e e of quenching water (2, 2'), to

t hereby partially deﬁ%ﬁ%g?érfhgagas (a) (1). The resul tant
partially dehydrated gas (4) had the 25 foll ow ng conposition: 4.8
mol e % of nethacrolein, 2.7 83
mol e % of wat er g )9QaderObontent bEt al laguild seggle oxygen, carbon
di oxi de and carbon nonoxi de gases. and unreact ed i sobutyl ene, and
0.2 nol e5% of by- prodhet water contentuof as ldcptichaampier oias tdmter-

H20/ met hacrol ein weight 5 rati o was 0. 14. The partially

dehydr at ed gas fdhedassfied enKerfh&Fischer cousmedimispmeigtune £IBtentage
pl at e dehydrati on tower . L
meter, VA-02 (manufactured and sold by Mitsubishi

Chemical Industries, Ltd., Japan).

10 f) Conversion of methacrolein (%)
The conversion of methacrolein (%) was calculated
by the following formula:
Conversion of methacrolein (%) =

/ N\
molar amount of methacrolein

contained in the reaction

15 mixture which was withdrawn
from the oxidative esterification
reactor
1 - x 100

molar amount of methacrolein
introduced into the oxidative
esterification reactor

N ~

20 g) Selectivity for methyl methacrylate (%)

The selectivity for methyl methacrylate (%) was

calculated by the following formula:

25 Selectivity for methyl methacrylate (%) =



(B) of 10 cmrin inner dianeter and 5 min height pro- vided with
sieve trays at ‘a flowrate of 3.6 NnB/hr, 10 whereas a sol ution
prepared by addi ng 100 ppm by wei ght of hydroqui none to |iquid

m xture (1) (5) containing i quid nethacrolein and |iquid nethanol
was fed into the dehydration tower (B) at the top plate thereof at
a flowrate of 200 g/hr. The conpB3ition of liquid 15

m xture (1) (5) was as follows: 30.0 % by wei ght of met hacrol ei n
and 69. 8 %byw\gei ght of methanol, wherein t he H20/ net hachI ein

wei ght ratio s 0.006. _The ' B) was operated
under conditiqgns goizz. ith%£1ﬂ§£§& .ﬂe;;iiﬁygit%he gas in the

ot tom 20 | port ERRHR IR SRl ST W San e ©. the

t enper ature of| the gg% e 1t MR Fesdcdiy 1 on of t_lhe dehydrati on
tower (B) was |18_[err 5 fhe tenperature of the solution was 260
[err]C, and the pfgg3dke aimdune JHPREr NDSY molar amouddt td®n of the
dehydration tquwey mBkneRtoleinkg/cnierr]/ méthacroldid heoriehyedt i gn t ower

(B), thegstear cpntiaitieduced into in the reaction 84
the partrally |dehydhat ekigatifd) was -cofdemisethrted which was hereby pgfoduce
wat er (6), and t heesaesificatian sepa- withdrawredfxzom thechar ged|from
t he bottom porjti on reactes ehydrlatoxidatise ¢jerificatien)|, a
dehydr at ed gas\ 5 m xture (b)’ (7) corReae®e®y net hacrol ein gay and
nmet ha- nol gas was obtained from an uppernost portion of the

The following Examples and Comparative Examples
10 are described with reference to Figs. 1, 2 and 3 in the

accompanying drawings.

Example 1

Isobutylene was subjected to a gas phase catalytic

15 oxidation reaction with molecular oxygen in the pres-
ence of a catalyst in accordance with a conventional
method to thereby prepare gas (a) (1) containing metha-
crolein and steam. The prepared gas (a) (1) was intro-
duced into a quenching tower (A) to remove therefrom a

20 large portion of the steam, and by-produced high boil-
ing point substances and acids, by cooling the gas to a
temperature of 44 °C by means of quenching water (2,
2'), to thereby partially dehydrate the gas (a) (1).
The resultant partially dehydrated gas (4) had the

25 following composition: 4.8 mole % of methacrolein, 2.7



dehydr ati on tower (B). The dehydrated gas m xture (b) (7) had
a conposi - tion such that the H20/ nethacrol ein weight ratio was

10 0. 015 and the nethacrol ei n/ net hanol wei ght ratio was 4. 3.
The amount of nethacrolein contained in the separated water (6)
was 0.7 * by weight of the anount of met hacrol ein produced by the
gas phase catal ytic : oxi dation red3ion. 15 '

Subsequently, the dehydrated gas m xture (b) (7) obt ai ned above
was fed into the bottom portion g t e adsorption

f 30- . [,
tower (C) of 10™BHPi § PAnwpter, 92.3 B‘P&ﬁef%eﬁ'“al’f&’t%ﬁ%&n%‘%r&%e%r ovi ded
ith si t wh . luti . i b
het ahe 50 - SroRpar AP ELEEPesard FRRRRRC RRREk A Yl A PP bY
[ i id th | ej | i i [ j0t -
Lbaor nt i on tonobRERatita nddbl PINRNOn D 2%l & of by-prddiftes,

900 g/hr. The cQIBASLE gletor), dWrbrein the HYO/UhddioLdiS) wagHyie same

as that of the above- mentioned |iqui®d mxture (1) (5).

absorptign towekatio was 0.14. : 85

(C© was operated under conditions such that the tenper- ature of
the liquid in the botrthempaatiiadlyoiddhydraited gas (4) swasptfieah irowertHel) was
-6 [err]C, the tenperature of the liquid on the top plate was -3
[err] C, the tenpertdiour poxftioh of a 13 stiagee piwitte dedydnstuidrortowayr - 3
[err]C, and the pres- sure in the uppernost portion of the

absor ption towe(B) of 10 cm in inner diameter and 5 m in height pro-
vided with sieve trays at a flow rate of 3.6 Nm3/hr,

10 | whereas a solution prepared by adding 100 ppm by weight-
of hydroquinone to liquid mixture (I) (5) containing
liquid ﬁethacrolein.and liquid methanol was fed into
the dehydration tower (B) at the top plate the:éof at a
flow rate of 200 g/hr. The composition of liquid

15 ‘mixture (I) (5) was as follows: 30.0. % by weight of
methacrolein and 69.8 % by weight of methanol, wherein
the H,0/methacrolein weight ratio was 0.006. The
dehydration tower (B) was operated under conditions
such that the temperature of the gas in the bottom

20 portion of the dehydration tower (B) was 44 °C, the
temperature of the gas in the uppermost portion of the
dehydration tower (B) was 18 °C, the temperature of the
solution was 25 °C, and the pressure in the uppermost
portion of the dehydration tower (B) was 1.5 kg/cmz.

25 In the dehydration tower (B), the steam contained in



(C© was-1.4 kg/cnferr]. In the absorption tower (O, substantial ly

all of the nethacrol ein gas and net hanol gas which were contai ned
in the dehydrated gas m xture 10 (b) (7) was absorbed by liquid

m xture (I1) (9), there- by obtaining liquid mxture (I11) (8)
containing liquid met hacrol ein and |iquid nethanol fromthe bottom
por - tion of the absorption tomer8%(3. Liquid

m xture (I11) (8) had the follow ng conpo- 15 sition: 53.6 % by

wei ght of nethagrolein, . 44.9 9 I,gh da &7 %by
%{’ﬁnﬁaﬁtéa oY éoep&draf)‘?dmgr"‘éﬁ 4§f R"ba%f product s,

wei ght of water, ; s, such as
acet one. thereb §98dac%f wvathd! (391 unneatdley SlatezONB ) Side sepdd i -
ca- al um na- magnesi a CArFier and, supported thereon, 20 pal | adi um ( Pd)

and | ead (Pb); }Qgegdgﬁaraﬁggrhgbb@,w&%m the bottonogdrtwdrgldf attek t he

Pd/Pb atomc ratio was 3/1. was charged into a stainless,

external circul ageh9arb¥ien tower (BiUubbAs eiresultsac aeljrated gp=
volume of 1.2 liters for liquid phase, and the above-obt ai ned
liquid ngxture m2ature (b))l ()7 ) Sontadriieg metthadroladactgas and fétharat e
of 86 450 g/ hr. In
this instance, aodobasi s@sofobdadingd from an uppRMASte RPOFFAIH 6| thed a
solution of |ead acetate in nmet hanol were also fed into the
reactor (D) so gebydzadion tower |(Bjuid in the reactor had a pH val ue of

6.1 and a lead 5 concentration of 20 m by weight.,. .An oxidative
est er - The dehydrated gas ﬁixé)re éﬁ) aéﬁlhad a composi-

tion such that the HZO/methacrolein weight ratio was

10 0.015 and the methacrolein/methanol weight ratio was
4.3. The amount of methacrolein contained in the
separatéd water (6) was 0.7 % by weight of the amount
of methacrolein produced by the gas phase catalytic
oxidation reaction.

15 Subsequently, the dehydrated gas mixture (b) (7)
obtained above was fed into the bottom portion of a 30-
stage plate adsorption tower (C) of 10 cm in inner
diameter and 5 m in height provided with sieve trays,
whereas a solution prepared by adding 100 ppm by weight

20 of hydroquinone to liquid mixture (II) (9) containing
liquid methacrolein and liquid methanol was fed into
the absorption tower (C) at the top plate thereof at a
flow rate of'900 g/hr. The composition of liquid
mixture (II) (9) was the same as that of the above-

25 mentioned liquid mixture (I) (5). The absorption tower



i fication reaction of nethacrolein was conducted at a tenperature

of 80 [err]C under a pressure of 3.0 kg/cnferr], wherei n the
oxygen partial pressure of the exhausted gas (12) flowing out from
the outlet of the reactor (D) 10 was 0.095 kg/cn2. As a result, a
reaction m xture (13) cont ai ni ng hyl met hacryl ate, water,

met hacr ol ein and met hanol was obtdFned fromthe outlet of the

react or (D), and it was found that the conversion of nethacro-

oin veis 5.5 @AY " ARG Unad cORYWIoE Joon Rt the CEahge- vas

production of nethyl

met hacryl at e Wa%:%%dl&‘ft “the ll%uldeﬂu'ﬁhé%ﬁ@é\ﬁ'ﬁéfﬂlélh%ﬁaﬁﬁen@lﬂner as

in Exanmpl e 1, except that the bel ownmentioned liquid mxture (1V)
(25) contai ni ng dor@4ibrRidws Q) wad-4 | quj dtli@t fémperature ofiothewhi ch

was obt ai ned by separation fron1the reaction m xture (13)

cont ai ni ng et hyli g@Eidhast Whd ecop\adlte was -3 °Optther vémparatureedfianocl
obtai ned by an oxidative 25 esterification reaction, was recycled and
i ntroducegd the above-mentioned solution was -3 °Cg7and the presnto the
dehydration tower as the liquid mxture ( 2 (5) and into the
absorption toweﬁuﬂﬁtﬂnaﬂhQnHRPGﬁmQQFePort on of(tm? T@§°rPE%%%CFPV%Fy

The reaction n1xture (13 contal ng met h net h myéaﬁ wat er,
net hacr ol ei n and Get¥Rfh ed Wlthe abs°r35+%?lt%%?5 s fed into

a 45-stage plat%d%sgéAéfglly all of the methacrolein gas and methanol

gas which were contained in the dehydrated gas mixture
10 . (b)) (7) was absorbed by liquid mixture (II) (9), there-
by obtaining liquid mixture (III) (8) containing liquid
" methacrolein and liquid methanol from the bottom por-
tion of the absorption tower (C).
Liquid mixture (III) (8) had the following compo-

15 sition: 53.6 % by weight of methacrolein, 44.9 % by
weight of methéﬁol, 0.7 % by weight of water, and 0.8 %
.bﬁ weight of by—producfs, such as acetone.

300 g of a palladium catalyst [comprising a sili-
ca-alumina-magnesia carrier and, supported thereon,

20 palladium (P3d) and lead (Pb); the Pd/carrier ratio was
5 % by weight and the Pd/Pb atomic ratio was 3/1.03]
was charged into a stainless, external circulation type
bubble column reactor (D) having a volume of 1.2 liters
for liquid phase, and the above-obtained liquid mixture

25 (III) (8) was fed into the reactor at a flow rate of



tion tower (J) of 10 cmin inner dianmeter and 6 min hei ght
provided with sieve trays at a portion thereof which is | ocated at
the thirtieth stage plate counted 10 fromthe top plate, thereby
flowi ng the reaction m x- ture (13) downwardly in the distillation
“tower (J), whi | e addi ng hydroqui ngge to the downwardly flow ng

reaction mxture (13) so that the hydroqui none concen- ‘tration of
the resultant solution becane 100 ppm by 15 wei ght or nore. The

di stillation tovygsg (%)hf\@s PRefRds instance, &8 soTeticRNGEt so@sumuch that
the tenperature in the uppernost portion of the distillation tower
(J) was hydrdeidé Gn thethenPEratdre solutbobodf obepdr acehaté fhe
distillation tower (J) was 82 [err]C, and the pressure in 20 t he
distillation towsstianolasernt nakpbhefed jpnesstihe. reactor (DAssa thatl thea
liquid mxture (1V) (25) containing | i quid nethacrolein and liquid
met hanol was wi thibaidh in the reacteriiyed o bl | vatuenofobel D¢ atlgad '

portion thereof which is |ocated at the fifth stage pl ate counted
from 255 t heonepnpration of o2 dopm xXPYireeigRg - (289 pxidakiveopster-

88 | owm ng conposition; 14.1 % by wei ght of nethacrol ei,n

70.6 %by wei ghtibicREtRaNBraction of petiedrpiain wad coRidEEs et o

e RenbhebSidl s el UAeRY g prpsyralhRichougyees:

HZO/nEthaCrO|6ian@£QEﬁ Eﬁ£i8x¥6én partial Brgggure of the exhausted
gas (12) flowing out from the outlet of the reactor (D)

10 was 0.095 kg/cm2. As a result, a reaction mixture (13)

containing methyl methacrylate, water, methacrolein and
methanol was obtained from the outlet 6f the reactor
(D), and it was found that the conversion of methacro-
lein waé 55.5 % and the selectivity for mefhyl metha-

15 crylate was 86.4 %.

Example 2

The production of methyl methacrylate was conduct-
ed.in substantially the same manner as in Example 1,

20 except that the below-mentioned liquid mixture (IV)
(25) containing liquid methacrolein and ligquid metha-
nol, which was obtained by separation from the reaction
mixture (13) containing methyl methacrylate, water,
methacrolein and methanol obtained by an oxidative

25 esterification reaction, was recycled and introduced



On the other*hand, the partially dehydrated gas (4), which was

obt ai ned by substantially the sane manner as in Exanple 1, was fed
into the sane dehydra- 10 tion tower (B) as used in Exanple 1 in
substantially the sanme manner as in Exanple 1 , whereas a solution
prepared by addi ng 100 ppm by wei ght of hyggoqw none to l'iquid
mxture (1V) (25) was fed into the dehydratlion tower (B) at the
top plate thereof at flowrate of 200 15 g/ hr. The dehydration tower
was oper at ed und.er S t he
gas in the %ﬁ o‘%ﬁ%@ﬁ?toin&%%&a&% é(}‘?%at |%ﬁ’%&dm@g%€é@ﬂ

[err] C, t r s

13 [err]C, the t(eé erl%c?lrlir:}gé %f&{ e so‘%%%%%mﬁla@%%? cnpﬁ‘%“m fhiﬁ{:‘ui{‘@
pressure of the uppg RUgdopi w1y he dehydra- tion tower (B)
was 1.5 kg/cn{err] In t'he dehydrati on tower, the steamcontained in
the partially dehydratis reaction m@istide (ES) codfleateing omébRyEbiephaduce
water (6), and t he produced water (6) was separated and di scharged
25 fgy om t heclyal 4 6a) peditenn méthderobdimrand onetivarnsl ( Blescribed in -

89 As a result, dehydrated gas m xture (b) (7) containing

met hacr ol ei n gadieirail hetvéabow) m fed thtaiaclSfsbaganplate distipparnost
portion of the dehydration tower 3 The dehydrated gas

m xture (b) (7) wtmw@n%wofzsl cm inginpepodiapgkertaad 6 m in
H20/ met hacr ol ei n wei r at |g 0.014 and the

met hacr ol ei n/ met wﬁ?ﬁﬁ% ?%IV%FQ@%leVS trays at a portion thereof

which is located at the thirtieth stage plate counted

10 from the top plate, thereby flowing the reaction mix-
ture (13) downwardly in the distillation tower (J),
while adding hydroquinone to the downwardly flowing
reactiop mixture (13) so that'the hydroquinone concen-
tration of the resultant solution became 100 ppm by

15 weight or more. The distillation tower (J) was operat-
ed under conditions such that the temperature in the
uppermost portion of the distillation tower (J) was
30 °C, the temperature in the bottom portion of the
distillation tower (J) was 82 °C, and the pressure in

20 the distillafion tower (J) was atmospheric pressure.
As a result, a liquid mixture (IV) (25) containing
liquid methacrolein and liquid methanol was withdrawn
from the disfillation tower (J) at a portion thereof
which is located at the fifth stage plate counted from

25 the top plate. Liquid mixture (IV) (25) had the fol-



4.0. The anpunt of nethacrolein contained in the separ ated water
(6) was 0.7 % by wei ght of the anopunt of net hacrol ei n produced by
t he gas phase catalytic 10 oxi dation reaction.

Subsequently, the dehydrated gas m xture (b) (7) obt ai ned above
was fed into the sanme absorption tower (C as used in Exanple 1 in
substantially the sane manner as ?H Exanpl e 1, whereas a solution
prepared by 15 addi ng 100 ppm by wei ght of hydroqui none to liquid

e hane ves | oRbrARE BrapRRanitH:l TEASY YL We it of methadddllidh,

met hanol was fe on ‘towe at the top plate

t hereof at fl o%bgge%pgxg%%ggg/@rgg metha,[ ol,Tha abspmt i gHwes£ Was

oper at ed under conditio at’ the tenperature of the liquid

in the bottom pRbtnyl methaddyddtd, 1316 ALY Mditht erLididasyd C the
t enper a- ture of the liquid on the top plate of the absorption
tower (O was - pioliactlkCsudhe dstusiing e arfd tIe0G @pnt ipn weight ofwas - 10
[err]C, and the pressure of the uppernost portion 25 of the

absor ptign t onwewaf€x, Wwathekredrk ghen{Hy0/metHacndikein weight ratio was

90 absorption tower (C), substantially all of the netha-

crol ein gas andOn@0Offanol gas which were contained in t he

dehydr at ed i xt b) (7 bsor bed b liquid mixture (I
(25) " thr cby obt ai nfoRg Sheydhets hand, rihe (A ety ashedided 8681 qui o

gﬁgg?gr0|6in and(4), whichl#éﬁ”étégagggmgyféur%ééﬁ%f%&i§”%ﬁgrééﬂg of the

manner as in Example 1, was fed into the same dehydra-

10 tion tower (B) as used in Example 1 in substantially
the éame manner as in Example 1 , whereas a solution
preparea by adding 100 ppm by weight of hydroquinone to
liquid mixture (IV) (25) was fed into the dehydration
tower (ﬁ) at the top plate thereof at flow rate of 200

15 g/hr. The dehydration tower was operated under condi-
tions such that the temperature of the gas in the
bottom portion of the dehydration tower (B) was 44 °C,
the temperature of the gas in the uppermost portion was
13 .°C, the temperature of the solution was 20 °C, and

20 the pressure of the uppermost portion of the dehydra-
tion tower (B) was 1.5 kg/cmz. In the dehydration
tower, the steam contained in the partially dehydrated
gas (4) was condensed to thereby produce water (6), and

the produced water (6) was separated and discharged

25 from the bottom portibn of the dehydration tower (B).



tion tower (€. Liquid m xture (111) (8) had the follow ng
conpo- sition: 40.0 % by weight of methacrolein, 48.5 %by 10

wei ght of methanol, 8.6 % by wei ght of nethyl netha- crylate, 0.5
% by wei ght of water, and 2.4 % by wei ght of by-products, such as
acet one. 300 g of a palladiumcatalyst [conmprising a sili-
ca- al um na- magnesi a carrier and, supportede? hereon, 15 pal | adi um ( Pd)
and lead (Pb); the Pd/carrier ratio was %by vvei ght and the

Pd/ Pb atomc ra o was 3/.0. 99 ch d
external circul rtefbﬂ'qt &ehydrabtt?gblggs EEE ¢ %Qﬁﬁ%

C urmreac (D) avi ng

vol ume of 1.2 | h%;g:ﬁ'\sc\crolﬁﬁx} )g%sg)arlvdvag&é'ft% L ?a Rhd *&@ﬁ%@a Ot

liquid m xture e reactor at a flowrate

of 450 WGYoirmdd: Idieildis (A ithe GRHYAHaR DI ().
sodi um hydroxi de"i'n nmet hanol and a sol ution of |ead acetate in

met hanol was al so f edHdtdeHytrdRaTigis Mdxture (b) (SO) tHed tHe foXhow- i n
the reactor had a pH value of 6.1 25 and a | ead concentration of 25

ppnlby wei ght . iy composition: the Hy0/methacrolein weight ratilo was

oxi dative esterification reaction of nethacrol ein was conduct ed at
a tenperature of0.TR4AC andlcvthen metdwmnal edfn/methanol vaidhf ardteke [was wherein
t he oxygen partial pressure of the exhausted gas_(12) flow ng out

from the outl et 40+t h&he amount é?aﬁ:t"!ﬁtl'{@r%lfb aarstadnediidr rfpe As a

result, a reaction m Xt u cot ni n th thacr Iate
wat er separated water (g) ) rga% é&éﬁ% 3% the 'S

of methacrolein produced by the gas phase catalytic
10 oxidation reaction.
Subsequently, the dehydrated gas mixture (b) (7)
obtained above was fed into the same absorption tower
(C) as used in Example 1 in substantially the same
manner as in Example 1, whereas a solution prepared by
15 adding 100 ppm by weight of hydroquinone to liquid
mixture (IV) (25) containing liquid methacrolein and'
liquid methanol was fed into the absorption tower (C)
at the top plate thereof at flow rate of 1100 g/hr.
The absorption tower was operated under conditions such
20 that the temperature of the liquid in the bottom por-
tion of the absorption tower (C) was O °C, the tempera-
ture of the liquid on the top plate of the absorption
tower (C) was -11 °C, the temperature of the solution
was -10 °C, and the pressure of the uppermost portion

25 of the absorption tower (C) was 1.4 kg/cmz. In the



net hacrol ei n*and net hanol was obtained fromthe outl et of the

reactor (D), and it was found that the conver- si on of

nmet hacrol ein was 58.4 % and the selectivity for 10 met hyl

met hacryl ate was 87.8 % Conpar ati ve Exanple 1

| sobut yl ene was subjected to a gas phase cabalytrc oxi dati on
reaction wth nol ecul ar oxygen in the pres®~ 15 ence of a catalyst in
accordance with a conventi onal nmet hod, to thereby prepare gas (a)

(1) containing o rpt JELOAML! G %g{&@ﬂ?]{&tﬁfp@f%aaﬁeéﬁé-(l)

was I ntrodu Into a guenching tower 0 renove there-

froma |arge pordicie@f gdie sieaneciaaibhYgss oducar #es8 caRtainedboh! i ng

poi nt substances and acids, by cooling the gas to a tenperature of
35 [err] C by nmeagte deliptrwtedGadtiwixture (b) (2) was, absoibed eby
partially dehydrate the gas (a) (1). The resultant partially
dehydrated gas (Mquidl mixture (IVE (25) pvihgrebypoistaining4lBqubde % of
met hacrol ein, 25 6.9 nole % of water, 88.7 nole %in total of

ni trogens mixture (III) (8) containing liquid m@Bhacrolein amgdygen
carbon di oxi de and carbon nonoxi de gases and . the unreacted

i sobutyl ene gas,limid metharol, fromothe bottom pogtienof dthe-pPsewers,
such as acetone, wherein the H err] O met hacrol ein weight ratio was
0.39. 5 tiomeowRF t§G)ty dehydrated gas (4) was fed into the

lower portion of a d?ﬂ%&&féiﬁik%£¥§r(£f?)°Is§0h231Lﬂe following compo-

sition: 40.0 % by weight of methacrolein, 48.5 % by

10 weight of methanol, 8.6 % by weight of methyl metha-
crylate, 0.5 % by weight of water, and 2.4 % by weight
of by-products, such as acetone.

300 g of a palladium catalyst [comprising a sili-
ca-alumina-magnesia carrier and, supported thereon,

15 palladium (Pd) and lead (Pb); the Pd/carrier ratio was
5 £ by weight and the P4d/Pb atomic ratio was 3/0.991
was charged into a stainless, external circulation type
bubble column reactor (D) having a volume of 1.2 liters
for liquid phase, and the above-obtained liquid mixture

20 (III) (8) was fed into the reactor af a flow rate of
450 g/hr. 1In this instance, each of a solution of
sodium hydroxide in methanol and a solution of lead
acetate in methanol was also fed into the reactor (D)
so that the liquid in the reactor had a pH value of 6.1

25 and a lead concentration of 25 ppm by weight. An



I nner diraneter and 60 cmin height packed with Raschig ri ngs each
3 mmin outer dianmeter and 4 nmin length as a packing materi al

whi ch | ower portion was not packed 10 wi th any packing material, at a
flowrate of 13 NN/mn [wherein the NI neans liter(s) as neasured
under the normal conditions, | at O [err]Cunder 1 atm]. A
solution of 100 ppm by wei ght of hydrqu|n%%e I n net ha- nol was
fed into the dehydration tower (B) at an upper- 15 nost portion

thereof, which 898&t99&tbgggg§§iggklon r%$ctﬂ3ﬂﬂ8¥jﬂ@ﬁﬂhd%ﬁdéﬁﬂ”ﬁé&J

material, at a flowrate o The dehydration tower (B) was

operated under sonducteaCaitdhl *t%ﬂ\i:e&%%ﬂeh%if e dennfiert W omfsdie gas in
t he ' bottom portion of the dehydration tower (B) was 35 [err]C, 20

and the tenperagupekal/cfe ghsrein RhelRpgigEs tpararidDipressure obfthdie
dehydration tower (B) was 15 [err]C. In the dehy- dration tower

(B), the steam eshbasted igast Ine.zparﬂ.‘l.icaiﬂr;g out from ddie dnstlet g the was
condensed to produce water (6), t he produced water (6) was

separ at egl and dreah&pg'edD)Zsras 0. lﬂ%mm t tAdm P araswkt ofa tyraction
dehydration tower (B). 93

As a result, thmigsmyer 4180 &@?ﬁﬁ#&%ﬂgaWﬁ@hxknﬂQﬁhﬁQEylate water,
met hacr ol ei n gas and nethano as mas oht ai ned from u
portion of the BefPaCHS G\Ng‘r D was °btal’bee£yd$%‘?r%dt@%sg‘%£$€

(SZ%)Sgggeﬁ& ?204 R t% %le%ltc rgé%) )m- )arﬁ* gﬂ'( ?f;éﬁst IPOI?I{G. tl'QQ'l? the conver-

sion of methacrolein was 58.4 % and the selectivity for

10 methyl methacrylate was 87.8 %.

Comparative Example 1

Isobutylene was subjected to a gas phase catalytic
oxidatién reaction with molecular oxygen in the pres-
15 ence of a catalyst in.accordance with a conventional
method, to thereby prepare gas (a) (1) containing
methacrolein and steam. The prepared gas (a) (1) was
introduced into a quenching tower (A) to remove there-
from a large portion of the steam, and by-produced high
20 boiling point substances and acids, by cooling the gas
to a temperature of 35 °C by means of quenching water
(2, 2'), to thereby partially dehydrate the gas (a)
(1). The resultant partially dehydrated gas (4) had
the following composition: 4.3 mole % of methacrolein,

25 6.9 mble % of water, 88.7 mole % in total of nitrogen,



obt ai ned above was fed into the bottom portion of a 30- st age

pl ate A dershaw type absorption tower (C of 32 nmin inner

di anet er, whereas nethanol was fed into the 10 absorption tower (O
at a portion thereof which is | ocated on the top plate of the
absorption tower. The absorption tower (C) was operated under
condi - tions such that the tenper82ure of the liquid in the
bottom portion of the absorption tower (C) was 10 C, 15 t he

e o el bt S 8 Sl nonsian, HBGEPRAED Lover
ressure in the t ' t ' t
?hos I;g/ cnjerr] t&!‘pemﬂnnroe_sacf%eq hiesoa 8 %%4e8%?040’\/\er ?g?sfglg%jé‘?g%t Ial |<§/éa I ngs
e ne rsQl. ed
gfclﬂi\ﬁa“ r%g-}:?%é& ] Z%g&h 025 YhEInIASuRERE BhNERe

in the dehydrat gas™ m Xt i orbed by _ net hanol ,
t her eby obt ai ni @%d/&%&é&ﬁéﬁ& wSlgl© i was 0.39.ing liquid
met hacrol ein and“iquid nethanol fromthe bottom portion of the

?blslor ptign tower (C).Th&@partially ddipdrdted nesk | (4))iwasi fedr £nt8)thad t he
ol | owi ng ' 94

conposition: 8okt pyormeiomtodHia nstpptcdtid8. toweby(B) of 40 mmi ght of

met hacrol ein, 0.13 % by weight of water, and 0.1 %by weight in
total of by-produsier diameter aard 60 cm in helght packed with RagCh#gunt s
of liquid nmethanol and |iquid netha- . crolein contaLneg in the
above_nentiOnedgﬁﬂgﬁéﬁqu 3 mm in outer diameter and 4 mm in length as

a packing material, which lower portion was not packed
10 with any packing material, at a flow rate of 13 Nl/min
[wherein the N1 means liter(s) as measured under the
normal conditions, i.e., at O °C under 1 atm.]. A
solution of 100 ppm by weight of hydrogquinone in metha-
nol was fed into the dehydration tower (B) at an upper-
15 most portion thereof, whiéh upper portion was not
packed with any packing material, at a flow rate of 88
g/hr. The dehydration tower (B) was operated under
conditions such that the teﬁperature of the gas in the
bottom portion of the dehydration tower (B) was 35 °C,
20 and the tempefature of the gas in the uppermost portion
of the dehydration tower (B) was 15 °C. 1In the dehy-
dration tower (B), the steam contained in the partially
dehydrated gas (4) was condensed to produce water (6),
and the produced water (6) was separated and discharged

25 ' from the bottom portion of the dehydration tower (B).



wat er (6) discharged fromthe bottom portion of the dehydrati on
tower (B), were, respectively, 0.6 % by wei ght of the anount of
nmet hanol fed into the dehydra- 10 tion tower (B) at the top plate
thereof, and 0.5 % by wei ght of the anpbunt of nethacrolein
recovered by neans of the absorptégn tower (CO).

Conparative Exanple 2 15 - The redction m xture (13) containing
met hyl net ha- crylate, water, nethacrolein and nmethanol obtai ned

T iy

Exanple 1 was f i nto age p aw type

distillation toyele{RrPfe? J4B idhd MOERIMSITILE RhsqobBhined £HEMLAAN
t hereof which is cxxuﬁg}%u the thirtieth stage pl ate counted from

the top plate ofyddsrmbst ipdPéi®m of the dehpdrat{dn Bbdwerf{BW.rarreof 184
g/ hr, and subjected to di stillation under conditions such that the

t enper at ure dehydidtédegdothDeryos t { D) 0dd tée HHGyméthacooledner (E)
was 25 at 76 [err]C, the tenperature in the uppernost portion of

95 5 t havatightt | t@ationof @O0 E) was 37 [err]C, and the pressure

i n the uppernost portion of the distillation tower (E) was 760
Torr, to thereby obtSybsequeptly ni Wrerdehydyated gas mixgurghf{Adned |iquid
m xture (14) had the following 5 conposjtion;. 24.3 %b ighg of

met hyl net hacrylQRained aboveggag $ed, ik gﬁ‘t‘*eolP°F'F‘a'EliH°ﬁEiLﬂ§n8 , 8138=04 py

wei ght  of staggtgf§£¥|6fdg§égawa gpé'a g%?¥t¥ghgggw8L T@Beéf 32
mm in inner diameter, whereas methanol was fed into the
10 absorption tower (C) at a portion thereof which is
located on the top plate of the absorption tower.

The absorption tower (C) was operated under condi-
tions such that the temperafure of the liquid in the
bottom portion of the absorption tower (C) was 10 °C,

15 the temperature of.the liqﬁid on the top plate of the
absorptioﬁ tower (C) was ~11 °C, the femperature of .
methanol was -10 °C, and the pressure in the uppermost
portion of the absorption tower (C) was 1.03 kg/cmz.

In the absorption tower (C), substantially all of the

20 methacrolein gas and methanol gas which was contained
in the dehydrated gas mixture (7) was absorbed by
methanol, thereby obtaining liqﬁid mixture (8) contain-
ing liquid methacrolein and liquid methanol from the
bottom portion of the absorption tower (C).

25 The obtained liquid mixture (8) had the following



Subsequently; a solution prepared by addi ng 300 ppm by wei ght of

phenot hi azi ne (as a pol ynerization .10 Inhibitor) to the liquid

m xture (14) obtai ned above was fed into a 60-stage plate

A dershaw type distilla- tion tower (F) of 32 mmin inner dianeter
at a portion t hereof which is 1006 ed at the twentieth stage plate
counted fromthe top plate of the distillaffon tower 15 (F) at a flow
rate of 160 g/ hr, and subjected to dis- tillation under conditions

such that the t rat.yr.e in t ' of
distillation toRReeRtiea: 81.7 & _bi"s_"{g’g#i]qlc, R 816 8 By,
upper most porti Qa @ R methacroidiii,i Id.Ald G BPUGidIR dBSudbek, and the

pressure in 20 t he uppernost portion of the distillation tower (F)
Was 520 oTar iy, pANQIAFh - X IVaSE flﬁ{i-ﬂfﬁdhéf@, déedh | 48-ace-

tion tower (F) at a portion thereof which is | ocated at t he
sevent h stage ph@gin.counted fromthe top plate of the distillation
tower (F) so that the anount of n- 25 hexane in the distillation
tower (Fy becane 45 ghearmhounts of liquid methanol and liquid metha- 96
the tenperature of the seventh plate of the distilla- tion tower

(F), to which ndni®ia wontadnedydn gie-above-mentione@dsepasatedrr]C. In
this distillation, when the anount of n-hexane in the _distillation
tower (F) was 4%afer Hd) dischargedSxem e bPreteniPeRF{oRnCE FRGi on of
the distilla- . tion tower (F) which is higher than th event h
ol at e FERHEAGHD KPOT (& b 07 9 RS hes R, 076 8787
However, when the amounte ofy - NEXae d£%dMendl®red into the dehydra-

10 tion tower (B) at the top plate thereof, and 0.5 % by

weight of the amount of methacrolein recovered by means

of the absorption tower (C).

Comparative Example 2

15 The reaction mixture (13) containing methyl metha-
crylate, water; methacrolein and methanol obt;ined f;om
the reactor (D) in substantially the same manner as in
Example 1 was fed into a 50-stage plate Oldérshaw type
distillation tower (E) of 32 mm in inner diameter at a

20 portion thereof which is located at the thirtieth stage
plate counted from the top plate of the distillation
tower (E) at a flow rate of 184 g/hr, and subjected to
distillation under conditions such that the temperature
in the bottom portion of the distillatioh tower (E) was

25 at 76 °C, the temperature in the uppermost portion of



distillation'tower (F) was increased so that the amount 10 of

n- hexane in the distillation tower (F) becane 70 g, ' the pressure
drop of the distillation tower (F) became so large that it becane
I npossi ble to continue the distillation. Wien the distillation
tower (F) was opened and observedgt was found that polyneric
pro- 15 ducts were generated on the plate i medi ately bel ow t he
seventh plate to which n-hexane was fed. 20 25

97 st | 9 he
met hod of the prtehseen%lslﬁi/]éﬁ%%?&%s&Fwﬁ%%ec(gﬁeaggsg?gl Le)rtegg?odfgvi de

a met hacrol ei n/ ni{ ha@! yppermost | péitfofil &t UtRef @i s8N1DAkdoh tower (E)

esterification reac- 5 tion, which has a high nethacrol ein content,
as com wdilI'EsD tToihe t6t therebgi obtapheat 1oguiemixture (14).
met hacr ol ei n/ met hanol |iquid m xtures provided by the conventi onal

met hods. Ther ef ortee ditytaimedrel hpaidfmikture (14) hpdetbat fphdowingn, met hyl
nmet hacryl ate can be produced
5 composition: 24.3 % by weight of methyl methacrylate,
65.7 % by weight of liquid methanol, 1.5 % by weight of
methacrylic acid, and 8.5 % by weight of ﬁater.
Subsequently, a solution prepared by adding 300

ppm by weight of phenothiazine (as a polymerization

10 inhibitor) to the liquid mixture (14) obtained above
was fed into a 60fstage plate Oldershaw type distilla-
tion tower (F) of 32 mm in inner diameter at a portion
thereof which is located at the twentieth stage plate
counted from the top plate of the distillation tower

15 (F) at a flow rate of 160 g/hr, and subjected to dis-
tillation under conditions such that the temperature in
the bbttom portion of the distillation tower (F) was
76 °C, the temperature in the uppermost portion of the
distillation tower (F) was 40 °C, and the pressure in

20 the uppermost portion of the distillation tower (F) was
520 Torr, whereas n-hexane was fed into the distilla-
tion tower (F) at a portion thereof which is located at
the seventh stage plate counted from the top plate of

the distillation tower (F) so that the amount of n-

25 hexane in the distillation tower (F) became 45 g, and



10 ‘wi th*high efficiency. Further, in the nmethod of the

present invention, the amount of nethanol needed for t he
production process for nethyl nethacrylate can be consi der abl y
reduced, as conpared to that in the con- venti onal nethods, and

t he production process for 15 met hyl gethacrylate can be perforned

W t hout using conplicated apparatug s for the separation and
recovery of met hanol , which are necessarily used in the conven-
tional methods. %@Mﬁé&%%&@eﬂfﬂﬁh ighdt@lof the distiErgost for
the production of nmet hacryl ate can be consi derably reduced,
but also in thatti'fd?? wméiuqxr), to whildh-HeEass was ffa®, fwadnmidient r oubl es
caused by the use of the conplicated apparatuses for the
separation tainetht SDVIY dn nedisanhlstil dtizdn t hehele sthie dammiriny |

met hacryl ate can be produced stably. 25

98 of n-hexane in the disiijilgtion tower (H) waaeimqy,fthe
produci ng nmet hyl methacryl ate, which conpri ses: (1)
subj ectipg at | eadexane HaF m#@sm anky in a regl%l%%t@é?fﬁmxhbagr oup
consi sting of isaobutylene and tert-butanol to a gas ghase

catal ytic oxi dat§isn rexer (F) Whichl%ﬁ]@&ﬂbﬁ?ﬁﬁ%ﬁﬁﬂ%ﬂe R plake

presence of a cat J t to thereb obtaln a) containing
met hacr ol ei n fathe g‘%%w% %f’eaifﬁ’ which rn-hexane as éec}.

However, when the amount of n-hexane fed into the
distillation tower (F) was increased so that the amount
10 - of n-hexane in the distillation tower (F) became 70 g,
the pressure drop of the distillation tower (F) became
so largé that it became impossible to contiﬁue the
distillation. When the distillation tower (F) was
opened and observed, it was found that polymeric pro-
15 ducts were generated on the plate immediately below the

seventh plate to which n-hexane was fed.

20

25



(2) introductng said gas (a) and a liquid m xture (I') containing
| i quid nmethacrolein and |iquid nmethanol into a dehydration tower
at a | ower portion thereof and at an upper portion thereof,
respectively, thereby 15 allowing said liquid mxture (1) to flow
downwardly in sai d dehydration tom§9 and contact countercurrently
wth said gas (a) in said dehydration tower, so that said liquid
m xture (I) is gasified to thereby generate a gas mxture (I")

cont ai ni ng met hacrol ein gas and Relapgd3gihi | € causing the
steam contained in said E§§§§Fg%ﬂﬁggggibonégﬁkéﬁbto t her eby produce

bot t o %‘5‘3‘5*% H“é%‘i) rQeuged NedSent SifvéabapaCditr REBA
enyar

bottom portion of sai at1on tower to thereby dehydrate said

gas (a), whilf%\Mé&BHéW§d§hiﬁmére5tﬁféw¢de25 methadebydinymdthanola’)
contai ni ng the nethacrol ei n gas,

99 t ogetdRerd whidteoé dE@ sami ekidet{ve) estenifacatppar reatc-
portion of said dehydration tower in the formof a dehydr at ed gas
m xture gb) contwion ngvmbtihdras| @imigasmethacrolejndcanthntol a§asom- 5
(3) introducing said dehydrated gas mixture (b) and a liquid
mxture (11) corpaged rge | theimetpaepelein content pfj ghgnd |iqui d met hano
into an absorption tower_at a .| ower ggrtion t her eqf ng a%han
upper portion tHegERacrolein/methaapl tiquly MEKEPEHF BFPH%Fﬁa & &°Fi qui d
m xture (I1) 10 to flow downyardl y. and_cont agt n fof et w th
Sai d dehydr at ed GRRVERKLEREL (BFEPA9Sa; (TRBESFREFonDY The hEkhUG’ 82" the
present invention, methyl methacrylate can be produced
10 with high efficiency. Further, in the method of the
present invention; the amount of methanol needed for
the production process for methyl methacrylate can be
considerably reduced, as compared to that in the con-
ventional methods, and the production process for
15 methyl methacrylate can be performed without using '
complicated apparatuses for the separation and recovery
of methanol, which are necessarily used in the conven-
tional methods. This is advantageous not only in that
the cost for the production of methyl methacrylate can
20 be considerably reduced, but also in that the produc-
tion process is free from the troubles caused by the
use of the complicated apparatuses for the separation

and recovery of methanol, so that the desired methyl

methacrylate can be produced stably.

25



tower, wheretn said liquid mxture I n an anount
sufficient to absorb substant | aI I ymI'I'IH’I “l Hllﬂm t he nmet hacrol ein gas and
met hanol gas which are con- st acned M dehydrat ed gas m xture
(b), thus causing : substantlally all of said nethacrolein gas and
met hanol gas of said dehydrated ggg m xture (b) to be absorbed
into said liquid mxture (11), to thereby tain a liquid mxture
(I'11) containing liquid nmethacrolein and 20 | i qui d net hanol, foll owed
by withdrawal of said liquid m shdigms(! 1) froma bottom portion
of said absorption tower; and (4) introducing the
wthdrawn liquid mxture (I111) I nto an oxidative esterification
react or and subjecting 25 t he net hacrol ein and net hanol, which are
contained in 1. A method for producing methyl methadfPlate, whichsaid
liquid mxture (I1l), to an oxidative esterifica- tion reaction in
sai d reactor inddmprirsssence of nol ec- ul ar oxygen and in the
presence of a palladi um cat a- | yst, to thereby produce nethyl

met hacrykate in the (1) SUbJ¢Q#¥ngﬁatilQﬂﬁt|@ﬂen$?§ﬂtén§0ﬁ§§PﬁFﬁé nethyl
met ha- crylate, water., nethacrolein and nmethano

The met hod accoﬁﬁ#ﬁfﬁ%ﬁcﬁ%ﬁﬂn?ﬁevﬁﬁﬁ%ﬂrF%ﬁs+%E§P9 of 1s°bu5¥éePFqEPG

m Xture selected fromthe oup consi stjn of sai.d,lLiquid m xtures
(1) and (I1) Isﬁfq#TRH é)a gas phage catalytlc oxfastion real

tion with molecular oxygen in the presence of a cata-

lyst to thereby obtain gas .(a) containing methacrolein
10 gas and steam;
(2) introducing said gas (a) and a liquid mixture
(1) containing liquid methacrolein and liquid methanol
into a dehydratlon tower at a lower portion thereof and
at an upper portion thereof, respectlvely, thereby
‘15 allowing said liquid mixture (I) to flow downwardly in
said dehydration tower and contact countgrcurrently_
with said gas (a) in said dehydration tower, so that
said liquid mixture (I) is gasified to thereby generate
a gas mixture (I') containing methacrolein gas and
20 methanol gas while causing the steam contained in said
gas ka) to be condensed to thereby produce water,
wherein the produced_water is discharged from a
bottom portion of said dehydration tower to thereby
dehydrate said gas (a), while withdrawing the resultant

25 dehydrated gas (a') containing the methacrolein gas,



ture (IV) corttaining liquid netha m"llm

net hano
wherein said liquid mxture (IV) "ll “l by separation from
said reaction m xture obtained L msald dative esterification

reaction. 15 3. The nethod accordi ng to claiml or 2, wherein

t he contact of said liquid mxture (1) with said gas (a) in

sai d dehydration tower is conducted at a t erature of from1l0 to

60 [err]C under a pressure of from0.2 to 3.0 20 kg/cnjerr].

4. The met hod |ng Lo a f 4 rein the
) FEARHHLR0} 2B BR  pERELES 1149, Pggm, g, uplis

contact of said tire t gas

mxture (b) in S@éﬂtféﬁ%?t 5894 aényarataeweli:oharC@adleﬁaeséo% gel @mperature

of from-25 to.

eC under a presS&éﬁy&faﬁé&”bgszmlﬁtﬁrg KB@CEBQE&knlng methacr@lelﬁTB%

met hod according to any one of clains 1 to wherein said |iquid
mxture (1) is i|i&hdofg€RanoDt gagai d 5 dehydratlon tower in an anount
of from10 to 500 g per Nnferr] (wherein the NnB nmeans nferr] as
measured st 0 [err] C (Bdeintroducinglsatid {iehfzdraitddggas(aixture (b) 6.
The nethod according to any one of clains 1 to 5, 10 wherein said
liquid mixture (3pd asliguidduésguret 6II) containing liquid methacro-

lein and liquid methanol into an absorption tower at a
lower portion thereof and at an upper portion thereof,
respectively; thereby allowing said liquid mixture (II)

10 to flow downwardly and contact counfercurrently with
said dehydrated gas mixture (b) in said absorption
tower, wherein said liquid'mixture (II) is introduced
in an amount sufficient to absorb substantially all of
the methécrolein gas and methanol gas which are con-

15 tained in said dehydrated-gas mixture (b), thus causing
substantially all of said methacrolein gas and methanol
gas of said dehydrated gas mixturé (b) to be absorbed
into said liquid mixture (II), to thereby obtain a
liquid mi#ture (III) containing liguid methacrolein and

20 ligquid méthanol, followed by withdrawal of said liquid
mixture (III) from a bottom portion of said absorption
tower; and

(4) introducing the withdrawn liquid mixture (III)
into an oxidative esterification reactor and subjecting

25 the methacrolein and methanol, which are contained in



sai d absorpti*on tower in an anan t 000 g per
Nmferr] (wherein the NnB neans rT[HI ll ﬂ“l ME at 0 [err]C

under 1 atm) of said dehydrated gas mm xt ume 15 7. The

met hod according to any one of clains 1 to 6, wherein each of said
liquid mxtures (1) and (I1) indeaﬁﬂpently contains liquid

nmet hacrolein and |iquid nmet hanol M amounts of 5 to 60 % by wei ght

and 40 to 95 % by weight, respectively, based on the respective
20 wei ght ogagalgibhgulﬂﬁghﬁggr?§z&bl ¢ & loxidative estedificadle
nmet hod according to anyone of clains 2 to 7, wherein said Iiquid
mxture (1V) furiheh ¢eBERiBA in said reRictdr MR M Yralseride JE awEREH- Not

exceeding 25 % by 25 wei ght, based on the weight of said liquid

m xt ure ular oxygen and in the presence of H)palladium cadtah .

9. The net hod according to any one of clains 1 to 8, wherein the
content of the |igstd ot kthereby produsa tethyl methapunylatextimetHd|1) is
from25 to 69 % by wei ght, based on the weight of said liquid
mxture (§11), aferm of a repgdign glixture cosftaimding methyketnethatein to
t he liquid_nethanol in said liquid mxture (I1l). is 0.33 to

2 2. crylate, water, methacrolein and methanol.

2. The method according to claim 1, wherein at least
one liquid mixture selected from the group consisting
10 of said liquid mixtures (I) and (II) is a liquid mix-
ture (IV) containing ligquid methacrolein and liguid
methanol, wherein said liquid mixture (IV) is obtained
by separation from said reaction mixture obtained by

said oxidative esterification reaction.

15
3. The method according_to claim 1 or 2, wherein the
contacf of said liquid mixture (I) with said gas (a) in
said dehydration tower is conducted at a temperature of
from 10 to 60 °C under a pressure of from 0.2 to 3.0

20 kg/cm?.

4. The method according to any one of claims 1 to 3,
wherein the contact of said ligquid mixture (II) with
said dehydrated gas mixture (b) in said absorption

25 tower is conducted at a temperature of from -25 to 10
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°C under a pressure of from 0.2 to 3.0 kg/cmz.

5. The method according to any one of claims 1 to 4,
wherein said liquid mixture (I) is introduced into said
dehydration tower in an amount of from 10 to 500 g per

3

Nm3 (wherein the Nm3 means m” as measured at 0 °C under

1 atm.) of.said gas (a).

6. ‘'The method according to any one of claims 1 to 5,

wherein said liquid mixture (IX) is introduced into
said absorption tower in an amount of from 50 to 1000 g

3 3

per Nm3"(wherein the Nm” means m” as measured at 0 °C

under 1 atm.) of said dehydrated gas mixture (b).

7. The method according to any one of claims 1 to 6,
wherein each of said liquid mixtures (I) and (II)
independently contains liquid methacrolein and liquid
methanol in amounts of 5 to 60 % by weight and 40 to
95 % by weight, respectively, based on the respective

weight of said liquid mixtures (I) and (II).

8. The method according to any one of claims 2 to 7,
wherein said liguid mixture (IV) further contains
methyl methacrylate in an amount not exceeding 25 % by

weight, based on the weight of said liquid mixture
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(1v).

9. The method according to any one of claims 1 to 8,

wherein the content of the liquid methacrolein in said

'liquid mixture (III) is from 25 to 69 % by weight,

based on the weight of said liquid mixture (Irx), and
the weight ratio of the liquid methacrolein to the
liquid methanol in said liquid mixture (III) is 0.33 to

2.2.



