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Pﬁﬁaﬁgs FOR PRODUCI NG METHYL METHACRYLATE BACKGROUND OF THE | NVENTI ON
This invention relates to a process for produci ng nethyl nethacryl ate
from methacrylic acid and met hanol . More particularly, it relates to an
| mprove- ment of a method for esterifying nethacrylic acid with

nmet hanol using an ion-exchange resin. - 1 - Known net hods for
produci ng nethyl neth- acrylate fromnethacrylic acid and net hanol use
sulfuric acid or a strongly acidic ion-exchange resin as a catalyst.

The met hod using a_stronal aC|d|c |on- exchange resinis lower in
met hacrylic acid cB GMEEH Y sMETHACKYEATEaci d; however,

the former 1is collectively conS|dered to be nore advantageous than the
| atter because the forner requires no process for treating sulfuric acid

i ncor por at edx?A&é’R ié WW grade materials my be _
satisfactoriTy use R ct erlals The production of
e TR v, kel YRS SO 0,
producing methyl methacrylate from methacrylic acid and
methanol. More particularly, it relates to an improve-
ment of a method for esterifying methacrylic acid with
methanol using an ion-exchange resin.

Known methods for producing methyl meth-
acrylate from_methacrylic acid and methanol use sulfuric
acid or a strongly acidic ion-exchange resin as a
catalyst.

The method using a strongly acidic ion-
exchange resin is lower in methacrylic acid conversion
than the method using sulfuric acid; however, the former
is collectively considered to be more advantageous than
the latter because the former requires no process for
treating sulfuric acid incorporated into an oil layer
and low-grade materials may be satisfactorily used as
the reactor materials.

The preduction-of methyl methacrylate using a
strongly acidic ion-exchange resin has heretofore been
carried out in a fixed bed reactor. However, an
equilibrium exists in the esterification reaction, and
hence, when the reaction is effected in a fixed bed
Teactor, it is impossible to achieve the high conversion

of methacrylic acid at the outlet of the reactor. 1In



equilibriumexists in the esterification reaction, and hence, when the
reaction is effected in a fixed bed reactor, it is inpossible to achieve
t he high conversion of nethacrylic acid at the outlet of the reactor. In
-2- order to shift the equilibriumto the product side, wusually the nole
ratio of methanol to nmethacrylic acid _ig increased (see Japanese Patent
Kokoku No. 61-4,378). 1In this case, unreacted nethacrylic acid and

unreacted meaaROlkcARigePahat 8duli i 9BLiNR £62ché OPrJaXELr £188¢ thereafter
recycled to the reactor (see Japanese Patent Kokoku No. 48-1, 369).

In the converishanaly Alenadidsiragia bifxpetheflolr eachethatheli®l &ciati o of
nmet hanol to nethacrylic acid is 1.2-2.0, and the nmethod Is carried out

with a neth- isadnyideasad |seenvepsheseoPaBénfOfokdkerrbor&l-4hare)is a
problemthat it follows that a | arge excess of netha- nol s recovered by
di stillation Iandhisncaskehe vamerggedcorshaprivdhci sciieand Theeactedanot her
problemthat since the inpurities contained in the starting material and
pol yner of nmethenpli ergcis¢paratedpésrmeghet ARACELGRtPHRTHFRt &RE does not
flow uniformy on the whole of the ion-exchange resin |ayer, the catalyst
activity is tHeFEASSEToReRYAE% SRt HIPnAEREROD! (FAE 7OREBXERARBESRE

Kokoku No. 48-1,368).

In the conventional method using a fixed bed

reactor, the mole ratio of methanol to methacrylic acid

is 1.2-2.0, and the method is carried out with a meth-

acrylic acid conversion of 30-90%. Therefore, there is

a problem that it follows that a large excess of metha-

nol is recovered by distillation and hence the energy

consumption is great. There is another problem that

since the impurities contained in the starting material

and polymer of methacrylic acid are deposited, the

reaction mixture does not flow uniformly on the whole of

the ion-exchange resin layer, the catalyst activity is

degraded owing to contamination of the ion-exchange

resin surface, and the catalyst life becomes extremely

short.

In order to solve the above problems, it can

be considered that the fixed bed reactor be replaced

with a stirring type reactor or a fluidized bed reactor

in which the ion-exchange resin is always in the fluid

state. However, this cannot always achieve the high

conversion of methacrylic acid unlike the method using

the fixed bed reactor, and when it is intended to remove



resin’'surface, and the catalyst |life becomes extrenely short.

In order to solve the above problens, it can be considered that the fixed
bed reactor be replaced with a stirring type reactor or a fluidized bed
reactor in which the ion-exchange resinis always in the fluid state.
However, this cannot always achi eve the -high conversion of nethacrylic
acid unlike the nmethod using the fixed bed reactor, and when it is

intended to {gFBY¥€and methyl methacrylat ] souct/@! §fyand net hyl
met hacryl ate, which are pr%ducts, b§y %i%ii?qtﬁﬁcﬁf%WHﬁe‘g%ndhcf¥ng t he

reaction, neghaeehilbtioRr RhelentbRdhyrhstind esbintidp, WRd&aerayse the

boiling point of the azeotropic m xture of nethyl nethacrylate and

net hanol is peweerthanalbatdoétiBléd owdediOkatdlt Ybdsaide itHOSSi ble to
shift the equilibrium to the product side but also dehydration operation
becones i npobsibiagbpoanteof htheli stedtappicoesxtnate fepeertdiyel i nto two
liquid |ayers. SUMMARY OF THE | NVENTI ON Under such

ci rcunst ancesethperpiatenand neehaeels ktvkowemichan diuitveod etattaxh on a

process for - ]
and not only is it impossible to shift the equilibrium

to the product side but also dehydration operation
becomes impossible because the distillate does not

separate into two liguid layers.

SUMMARY OF THE INVENTION

Under suéh circumstances, the present
inventors have made extensive research on a process for
producing methyl methacrylate from methacrylic acid and
methanol using a strongly acidic ion-exchange resin, and
have, as a result, found that methyl methacrylate can be
produced in good efficiency by continuously effecting
reaction-distillation in multistage using an apparatus
comprising a reaction zone having plural reaction
sections connected in series and containing a strongly
acidic ion-exéhange resin and a distillation zone.

An object of this invention is to provide a
process for producing methyl methacrylate from meth-
acrylic acid and methanol using an apparatus comprising
a reaction zone having plural reaction sections
connected in series and containing a strongly acidic
ion-exchange resin and a distillation zone.

Another object of this invention is to provide



produci ng methyl methacrylate frommethacrylic acid and nethanol using a
strongly acidic ion-exchange resin, and have, as a result, found that

met hyl nethacrylate can be produced in good efficiency by continuously
effecting reaction-distillation in nultistage using an appar at us
conprising a reaction zone having plural4 —eaction sections connected in
series and containing a strongly acidic ion-exchange resin and a
distillati onazprecess for produmindjmzthyifl Mdthadmplate dm itsiglo provi de a
process for producing nmethyl nethacrylate fromneth- acrylic acid and
met hanol usi a§faniepprruits kigiprietharril reastidrcaromresrsian ng pl ural
reaction sections connected in series and containing a strongly acidic

i on- exchange resin andOBhelf sePiecks and dvwantages of thifotifererghjarct of

this invention is to provide -4- a
process for BbHuBPREMAERPHITFRE h%%qmt&}ee ﬁq%lmv&ﬁlg SESEGIRTAPW th hi gh
met hacrylic acid conversion d&f and advant ages of
this invention wll b%EB‘ﬁ’éd‘a’b%a?%nﬁh‘fsr d’rﬁ‘ﬁﬁ’é; erﬁ? des AP

According to_this_inveption here I S Arovi cess.d for rodUC|ng
met hyl net ha%r?f%f%s?r ?rfn%? uc’eftgrﬁet@’ygb g‘rﬁf anO‘I Sthi %corrprlses
feeding metDAgEyl | Ca @k da 0 d B ISP ot S AL HPRAIUSH S ARG ST Y
methacrylic acid and methanol to an apparatus comprising
a reaction zone having plural reaction sections con-
nected in series and containing a strongly acidic ion-
exchange resin and a distillation zone, said methacrylic
acid being fed to the first reaction section of the
reaction zone, said methanol being fed to one or more
reaction sections after the first reaction section,
sending the reaction mixture formed in each reaction
section to a reaction section just thereafter, sending
the vapor generated in each reaction section to a reac-
tion section just therebefore, continuously effecting
reaction-distillation in each reaction section, distill-
ing the vapor generated in the first reaction section of
the reaction zone in the distillation zone to separate

the methyl methacrylate produced.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view showing an embodiment of this
invention, Fig. 2 is a view showing another embodiment
of this invention and Fig. 3 is a view showing a further

embodiment of this invention. 1In Fig. 1, 101 refers to



3

a reaction zone having plural reaction sections con- nected in series and
containing a strongly acidic ion- exchange resin and a distillation zone,
said nethacrylic acid being fed to the first reaction section of the
reaction zone, said nethanol being fed to one or nore reaction sections
after the first reaction section, sendiRg-the reaction nixture formed in
each reaction section to a reaction section just thereafter, sending the

vapor gener at®RPFH Prdi Felktd P &R W 4 302 teadebolileF @3 & j ust

t herebefore, continuously, effectin reactign-distillation i ch reaction
section, di stFYIROTITRF ¢ 0% fbre fed ]1%2:‘ 4 s,qgag[atpgac{ljogﬁ ection of

the reaction zone in the distid!|at] ne j.0 . .senparate _the met.hyl

nmet hacryl ate Jiz) ao%%%ra_zoneB%(gF %&Pﬂé oaéﬁ%tﬁﬁg\/\ﬁﬁ@bes’ 1% to g g.
l1is aview ' . ' tyhi nvwenti on,. +Fi gy 2 1.5 .a View
show ng anot ﬁr@%%aﬁ%?%%@%%@%ﬁ@q nl\r}'éf\et'i olg\ba%é’ &g&haé‘%lls%ae e?/illg‘\ﬁ show ng

a further e@f&% mepfy of b{#&eé&%’ A&Lwﬂ'{hdﬁagﬁé tlé'.%e,r a8 $d i1

reaction-disti tion co 102 to reboller, evaporator, 104 to

condenser, 105nd $& sepaESt O;Shas@)ﬁ-v}&hdx.%ﬁ?ﬂgo'lﬁ@le111]30an'1¢¢§in1§@

distillation zones, 109 to
line and 114 to high boiling matter-withdrawing line.
In Fig. 2, 202a and 202b refer to reboilers, 204 to
condenser, 205 to oil-water separator, 206a and 206b to
reaction vessels, 206a’ and 206b’ to agitators, 207 to
distillation zone, 209 to methacrylic acid-feeding line,
210 to methanol-feeding line, 211 to agueous phase-
withdrawing line, 212 to oil phase (ester phase)-
withdrawing line, 215 to reaction mixture-withdrawing
line, 216 to generated vapor-feeding line and 217 to
reaction mixture;withdrawing line. 1In Fig. 3, 304
refers to condenser, 305 to oil-water separatof, 306a-
306d to reaction vessels, 306a’'-306d’ to agitators, 307
to distillation zone, 309 to methacrylic acid-feeding
line, 310 to methanol-feeding line, 311 to agueous
phase-withdrawing line, 312 to oil phase (ester phase)-

withdrawing line and 317 to reaction mixture-withdrawing

line.

DETAILED DESCRIPTION OF THE INVENTION
The strongly acidi; ion-exchange resin used in
this invention is not critical, and any commercially

available strongly acidic ion-exchange resin may be



net hacrylic acid-feeding line, 110 to nethanol-feeding line, 111 to
aqueous phase-withdrawing line; .112 to oil phase (ester phase)-w thdraw ng
line, 113 to recycling line and 114 to high boiling matter-w thdraw ng
line. In Fig. 2, 202a and 202b refer to reboilers, 204 to condenser, 205
to oil-water separator, 206a and 206b-t® -reaction vessels, 206a" and 206b
to agitators, 207 to distillation zone, 209 to nethacrylic acid-feeding
line, 210 tusedbt hdimolvifesedifngtiiength2andt yeagtéonsrphaiseDuonitRdr awi ng
line, 212 to oil phase (ester phase)- wthdrawing |ine, 215 to reaction

m xt ur e- wi t Hdregdisterdd feadelgarys génBphred Hapsn- fedffngPlRB@Nand 217 to
reaction mxture-withdrawing line. In Fig. 3, 304 refers to condenser, 305
to oil-wat er(ZePEtRTRd HH6E mashcatt YitahishoKasedsEPEYC3B6ak- 306d t o

I tat , 307 to distillati , 309 t th ' |.d- di
Tne. 510t SRhalR L Fedg IS FAESIsFE308 BAakofe PBRESS) wiEAdPawi ng |1 ne.
312 t il ph t. h - i_t hd | | d 317 t ti
i xt ur e vi ¢ IRy 4N E e PrBEPAFEED DESCH PTI ON OF THE | NVENTION -
The strongly aci dic | g exchange LeskRusedniha LohsehBNegbhan |s not
Pabre>stPoRg

critical, and any co rCi y aval e y aci di c 1on-exchange
resin may bqlav:;.ng plural reaction sections connected in series and

containing a strongly acidic ion-exchange resin and a
distillation zone used in this invention may be a
reaction-distillation column consisting essentially of a
reaction zone composed of plural plates connected in
series and containing a strongly acidic ion-exchange
resin and a distillation zone, or an apparatus consist-
ing essentially of a multistage successive reactor
composed of 2 to 5 reaction vessels connected in series
and containing a strongly acidic ién-exchange resin and
a distillation column. .

An explanation is made below of the case where
the reaction-~distillation column consisting of a reac-
tion zone composed of plural plates connected in series
and containing a strongly acidic ion-exchange resin and
a distillation zone is used.

In this case, methyl methacrylate is produced
by feeding methacrylic acid onto a plate on the upper
side of the reaction zone, feeding methanol onto a plate
in the lower side of the'react;on zone, heating and
evaporating a part of the bottom liquid in a reboiler

connected to the reaction-distillation column, sending



-6- used. In view of strength and reaction rate, Duolite (registered
trade mark of Rohm & Haas) C-26C, Diaion (registered trade mark of

M t ubi sh- Kasei Kogyo K. K.) SK-1B, Nafion (registered trade nark of
DuPont) NR-50 —and the like are preferred. The appar at us
conpri si ng.. a reaction zone havi ng plurgal_reaction sections connected in
series and "containing a strongly acidic ion-exchange resin and a

di stillati omhzoR@peseddneraitied onveathoplary bata ar paatéopudtstillation
colum consisting essentially of a reaction zone conposed of plural plates

connect ed .i kheserbevegndendingi thegraastionghyxacrdi oni eachxphange resin
and a distillation zone, or an apparatus consist- ing essentially of a
mul ti st age 9@@@e$smd@tmea@§¢rth@@#peéev,oflgld925nge§ ei 8ANvessel s
connected in series and containing_a stron aci di c i on-exchange resin
and a di st exchgnge &sisdmnon each PlateAWléngBHat’PBﬁri §eﬁﬁd§r8@| ow of the
case where the reaction-distill hlon caol um conS|st;ﬁg of a,reac- tion

zone conposé@eopﬁﬂﬁﬁ%ﬂuﬁﬁl§P€§EP@ R¥ct 8GEPATiBp; s4mu n88ﬂfﬁ¥n|ng a
t | di d Ll ati d
fnr?R?sycgg% it %ééﬁﬁﬂgFﬁ# égpgngpoaagb i8§%Fe§§F§§n§éY%%§fgllc acid

o ate’ atef%%cttq%g“ & redlc8od 2h8C418251h8R:88"En hEFPL0Aa4E! NanOl onto

distilling the generated gas from the uppermost plate of
the reaction zone in the distillation zone to distill
out and sepaiate methyl methacrylate from the top of the
reaction-distillation column.

The reaction-distillation column used in this
invention may be a conventional plate column, and when a
sieve tray column or a ripple tray column is used, it is
desirable to lay a net made of stainless steel, teflon
or the like on the tray in order to prevent the strongly
acidic ion-exchange resin from being passed through.

An embodiment of this invention is explained
below referring to Fig. 1. The reaction-distillation
column 101 has plural plates, and this plates portion is
the reaction zone 106. Methacrylic acid is fed onto the
uppermost plate of the reaction zone 106 through the
line 109 and methanol is fed onto a plate on the lower
side of the reaction zone 106 through the line 110.
Methanol and/or methacrylic acid may be fed in the
liquid form or a part or the whole thereof may be
gaseous. A part of the bottom liguid is heated and

vaporized in the reboiler 102 of the reaction-



in the | ower side of the reaction zone, heating and evaporating a part of
the bottomliquid in a reboiler connected to the reaction-distillation
col um, sendi ng -7- the vapor generated
on each plate onto a plate just thereabove, sending the reaction mxture
on each plate onto a plate just therebglaw, fluidizing the ion- exchange
resin on each plate wwth the vapor sent from the plate just therebel ow,
ef fecting sidistahkatbsoy cobant i 101 andedicst idHeatrerhamo ledeledingt e,
successively effecting the reaction and distillation in nultistage,
distilling thesyehenat thle gagadtiom tdvneugid festind gtlarell pllagesedation zone
in the distillation zone to distill out and separate nethyl nethacrylate
fromthe topwbickhe strerglymncidiq |ionienchagiasmyesin is presepieis
reaction-distillation colum used in this invention may be a conventi onal
pl ate col umPreYitdefen a sieve tray colum or a ripple tray colum is
used, it is deS|rabIe to I net .mad of st ai nl ess st %I,.teflon or the
like on the tray in or®R %3}? £ HEHGAPR ZORG) 3 'oﬁ exchange

An _enbaodi_nment S |nvent|on

<" expl ai ned bk o%?fia?%r?ﬁ:aga"%dlﬁ gonr exﬁ?@wgeea&esolﬁl RN col um

101 has plurflqﬁﬁglmLthng éf“éhé”§§§¥%ﬂ%awﬂé¥éff%l and the product
is allowed to flow down through a downcomer {not shown),
while the strongly acidic ion-exchange reSin thereon is
fluidized with a mixed gas of the starting material and
the product rising from a plate just therebelow whereby
reaction and distillation take place simultaneously.
The reaction and the distillation are successively
carried out in multistage. The resulting methyl
methacrylate and water are successively allowed to rise
and are distilled out from the uppermost plate of the
reaction zone 106.

In order to prevent methacrylic acid from
being distilled out from the uppermost plate of the
reaction zone 106, it is preferable to provide a distil-
lation column 107 having a theoretical plate number of
3-10 above the uppermost plate of the reaction zone 106.
Also, in order to prevent the low boiling matter such as
methanol, water and the like sent to the bottom from
being escaped, it is preferable to provide a distilla-
tion zone 108 having a theoretical plate number of 2-4
below the lowermost plate of the reaction zone 106. The

residue of the bottom liquid is evaporated in the



the reaction zone 106. Methacrylic acid is fed onto the
the reaction zone 106 through the |ine 109 and net hanol

and vaporized in the rehoiler 102 of the reaction-

uppernost pl ate of
Is fed onto a
plate on the I ower side of the reaction zone 106 through the |ine 110.

Met hanol and/or nmethacrylic acid nay be fed in the liquid formor a part
or the whole thereof may be gaseous- & part of the bottomliquid is heated

-8- distil¢wmporatet ubdl 19id Belobaheinetmatss fieediaken i tion, the
reaction zone 106 having plural plates in which a strongly acidic

i on- exchangeh¥@xgh tRe plimentl4 whigkeihiedraporizable caRpQtt: plate in the
reaction zone 106 in which a strongly acjdic |on-exchange

present, a SPRFEART AARLBIOL MeR2GFT Hf Al 18 T8I

i i 0 i on- WRHETRT (B rEEn T2 TN OF e T T4 THE

%

esin.is

l.e

ed

S
the strongly
’ﬁ%s of the

starting mafegial and the product rising froma plate just therebel ow

whereby reaction and distillation take place sinultaneously.

The reaction

and the distillation fﬁé’ﬁ%@“ﬁ%ﬁ%i@ﬁéﬁ éﬁgrffghcgﬂeidkggﬂgﬂégfgxa The

resul ting nethyl

column 107 consisting mainly of methyl methacrylate and

water which are the products is condensed in the con-

denser 104, and subjected to cil-water separation in the

oil-water separator 105, and the water separated is then

taken out through the line 111. A part of the oil phase

(ester phase) separated is returned to the top of the

distillation column 107 and the remainder of the o0il

phase is taken out as the product methyl methacrylate

through the line 112. Usually, this is further purified

by distillation or the like to be made a final product.

The larger the plate number of the reaction

zone 6, the shorter the overall ligquid residence time of

the apparatus can be made; however, it cannot always be

said that the larger the plate number the better. The

plate number of more than about 20 is practically

insignificant. This is because the concentration of

either methanol or methacrylic acid in the liquid

becomes sufficiently small and hence the reaction rate

becomes approximately zero. Usually, a plate number of

about 15-20. is used.

The methanol-feeding position is preferably a

plate above the lowermost plate. When the reaction zone



net hacryl ate and water are successively allowed to rise and are distilled
out fromthe uppernost plate of the reaction zone 106. I n order
to prevent nethacrylic acid from being distilled out fromthe uppernost
plate of the reaction zone 106, it is preferable to provide a distil-
| ati on col um 107 having a theoretical 1pl ate nunber of 3-10 above the
uppernost plate of the reaction zone 106. Also, in order to prevent the
| ow boi | i ng108t hes auphage ntmbbanof, 204t &nd abfl mdtchddkel sermcid ihe bottom
from being escaped, It is preferable to provide a distilla- tion zone 108
havi ng- a t heéedebntal theatérstnpéatef (fhd uppéonestheolate) mbttheate of the
reaction zone 106. The residue of the bottomliquid is evaporated in the
-9-  evapor atertlio8 andehi gathanbilngsnpreferakly i@t O MR Rgh the |ine
114 whil e the vaporizabl e conponent. consisting rmainly of nethafrﬁlic aci d
i s recycl edthe LAsh-dpphr pdp8esSof FREeD BRERRRRA ohef e g 2hR 1ine
113. The gas distilled out froglthe distillaé%fn colugn 107
consi sting ﬁﬁ?ﬂ?ytbﬁsﬁePﬁ9FeﬁeFﬁ§cP?F5?%° nSPRvRR BroMt o 3re 1% product s
'S condensed, LN the €80 o9808°heles0pRUPLEH 1l 12000 | k! fhe SePar ati on

plate does not work as a reaction plate. When methanol

is fed onto a plate below the 14th-17th plates, the

reaction rate becomes too small on a plate just above

the feeding plate and the overall reacted amount is

reduced. When the reaction zone 106 has a plate number

of 5 or more, the optimum methanol-feeding plate is

other than the lowermost plate. Methanol may be fed

onto 2 or 3 plates of the reaction zone 106.

An explanation is made below of the case of

use of an apparatus consisting of a multistage succes-

sive reactor having 2-5 reaction vessels and a distil-

lation column.

In this case, methyl methacrylate is produced

by feeding methacrylic acid to the first reaction vessel

and methanol to one or some of the 2nd-5th reaction

vessels, sending the reaction mixture in each reaction

vessel to a reaction vessel just thereafter, sending the

vapor generated in each vessel to a reaction vessel just

therebefore, effecting reaction and distillation in each

reaction vessel, feeding simultaneously therewith the

vapor generated in the first reaction vessel to the

distillation column while circulating the bottom ligquid



oit-mafer separator 105, and the water separated is then taken out through
the line 111. A part of the oil phase (ester phase) separated is returned
to the top of the distillation colum 107 and the remai nder of the oi
phase is taken out as the product nethyl nethacrylate through the |ine
112. Usually, this is further purified ly-distillation or the |like to be
made a final product. ) The larger the plate nunmber of the
reaction zorf ghe esstdiisgionheoduamnaltt thgufdrssskganteoni vessel t he
apparatus can be nmade; however, it cannot always be said that the |arger
the plate nufs SeRansdting methyl preihacryABEr §FompEBet haR @botRe20 is
practically jnsignificant. @A This is because the concentration of either
met hanol or Bt WAL GodUmR -t he 1iquid becomes sufficiently small and
hence the reaction rat becones .approxi mately zero, Usually, a plate
nunber of about 15-20%?§ 5§§&?ﬁla%l°n cg?“?ﬁeuﬁﬁ?héﬂthfﬁeU¢ﬁ§ngb§?tion i s
preferably a | at e .above _t he l.owerngs te. ¥h n,the reaction zone
P Toe rbe me PR Chaver s8I0 Btk PR E e n SR R S IR FC “Toa onto
the first pl he. YRRES Rhatel gf thecohgak! i 8aZONEn1 hapol is
preferably fg%ﬁg%kb 5H§B§Vn2%%g f%t%—lgtﬁ plg?es. V%gnanetﬁ%no igpfed onto
a plate the like and the column type is not critical. The

reaction vessel may be any vessel having a means capable

of fluidizing the strongly acidic ion-exchange resin,

for example, a stirring type reaction vessel, a fluidiz-

ing type reaction vessel or the like, and the vessel

type and form are not critical. 1In the stirring type

reaction vessel, there is preferably used an agitating

blade having smooth edge such as a glass-~lined anchor

blade, a Pfaudler blade or the like in order to minimize

the crushing of strongly acidic ion-exchange resin. The

fluidizing type reaction vessel is of the type that the

ion-exchange resin is fluidized with a rising stream

caused by an inert gas such as nitrogen, air or the

like; methanol vapor; a pump-circulating stream; or the

like, and the type and form are not critical.

Another embodiment of this invention is

explained below referring to Fig. 2. The apparatus of

Fig. 2 is composed of two reaction vessels 206a and 206b

and a distillation column 207, and the reaction vessels

206a and 206b have agitators 206a’ and 206b’, respec-

tively. The distillation column 207 is connected to the

reaction vessel 206a and methacrylic acid is fed to the



above these plates the nethanol content on a plate near the |owernost

pl at e becones approximately zero and the plate does not work as a reaction
pl ate. When nethanol is fed onto a plate below the 14th-17th plates, the
reaction rate becones too snmall on a plate just above the feeding plate
and the overal | reacted amount is reduted, Wen the reaction zone 106 has

| ate nunb f 5 he. opt | thanol - f eedi s oth
Chan the | ouErAEaton) SPese ke Abmcr Tt g e 20 hdaitfod o DL 0T
t] 108, _ PN f f
Use of “an” aphir thstRORRF STRRGE DT aTaiT ot FUn R Y e P EES v ng
2-5 reac“°”M¥€$§§£f.§ﬂ§/8r%§%ﬁé%§yif€ée ﬁ&g&ow%d in the li%\iﬂ:ithl s case,

met hyl net hacry €71 S produce nmet hacrylic acid to the first

reaction vessgly ‘gndy MELBANGL {00 OB SRIFRSH rd PO Gdddousact T

vessel s, sendrng e reaction mxture in each reaction vessel to a

reaction vessglciysh +Besealt 266a Sandli 7@61 heave aporegionermsackeis @ach
vessel to a reaction vessel just therebefore, effecting reaction and

di stillationjhiBkeash20pgaghdi 0p0 ¥ s Sedspéeeiiiely s{mlEapedlis|gxtémieni th t he

vapor generated in the first reaction vessel to the distillation colum

whil e circul nédngrsherboshown)j quhiich heat the reaction mixtures to
the respective desired temperatures to boil and evapo-
rate them. In each of the reaction vessels, there is a
three-phase system of gas-liquid-solid including the
strongly acidic ion-exchange resin, which system is kept
in a mixed fluid state by applying the desired electric
power thereto.

Only the reaction mixture is taken out from

the bottom of the reaction vessel 206a through a filter
(not shown), and sent to the reaction vessel 206b
through the line 215. In this case, the feeding
position may be in the gaseous phase portion or in the
liquid phase portion. On the other hand, the vapor
generated in the reaction vessel 206b is fed in the
gaseous form through the line 216 into the liquid in the
reaction vessel 206a. The above two transfers are
effected simultaneously so that gas-liquid counter-
current contact can be conducted between the two
vessels. The desired withdrawal of the liquid from the
bottom of the reaction vessel 206b is effected via the

line 217 through a filter (not shown). The withdrawn

liquid comprises mainly the starting methacrylic acid



of "'the distillation colum to the first reaction vessel and separating

met hyl nmethacrylate fromthe top of the distillation colum.

The distillation colum used in this invention mnay be any conventi onal
distillation colum such as packed colum, perforated plate colum, plate
colum or the like and the colum typel3s-not critical. The reaction
vessel may be any vessel having a neans capable of fluidizing the strongly
aci di ¢ i on- exaidartde peviduct fmethglamptbacayieterand &ype centains aessel, a
fluidiz- ing type reaction vessel or the like, and the vessel type and
form are not sddighitc @mounitn ofhdighi bpidgngypr-predectsn sesthat there is
preferably used an agitating blade having snpboth edge such as a .

gl ass-1i ned @ﬁ@ﬁopoﬁikaﬁéfr&CPPSBdPérCBFaﬂ%dth?hée?+§%eiﬁh%¥%%ﬁ 9

m nimze the _crushing . of, strongly acidic ion-exc e resin, . The,

(Ui i oing | R emsatand, Sesehd; FeBFting vonactnateenerSrBhLinenbnge resin
Is fluidized w.th.,a ri,sing stream caused by an inert gas such as nitrogen,
air or the [ e?hﬁgwﬂdnol vapor; a punp-circulating stream or the |Iike,

and the type and forn1§§%mngkgg%ggkgg%n Vesse%02&§%f”§§9$%1gﬂ?eginent of

this invention is expldine ow rererrirng e ‘apparatus of

1 1ot IRRIRLS S0 RSEE 190 YaREShS A0 AR08 Y B

agitators 2063'st3aNda206R col@RACS07. 1In order to prevent meth-
acrylic acid from being escaped from the top of the
distillation column 207, it is preferable that the
distillation column 207 is designed to ha?e a theo-
retical plate number of about 3-10, and operated at a
reflux ratio of 1.0 or more. The distillaté gas from
the top of the distillation column 207 which comprises
mainly methyl methacrylate and water which are the
products is -condensed in the condenser 204 and subjected
to oil-water separation in the oil-water separator 205.
The agqueous phase separated is taken out from the line
211. A part of the oil phase (ester phase) is returned
to the top of the distillation column 207 and the
residue of the oil phase is taken out as a product
methyl methacrylate from the line 212. Usually, this
product is further purified by distillation to be made
final product.

The larger the number of the reaction vessels,

the shorter the overall liquid residence time in the
reactor can be made; however, it cannot always be said

that the larger the number of the reaction vessels the



tively. The distillation colum 207 is connected to the reaction vessel
206a and nethacrylic acid is fed to the -
12 - reaction vessel 206a through the Iine 209 and nmethanol is fed to the
reacti on vessel 206b through the line 210. Methanol and/or nethacrylic
acid is fed in the liquid formor a,pggé‘pr t he whol e thereof may be
gaseous. The reaction vessels 206a an 06b have exterior heaters.or

jackets 202a,¢e 2020 k&SRR | ME| Deddtl Il Gredoe BXifHd PradtGiLIsy are
shown), which heat the reaction mxtures to the respective desired

t enper at ur esi A f10i #i Kk P@Rfuse e ddifantdra g of dindreagid on

vessels, there is a three-phase systemof gas-liquid-solid including the
strongl y acisitarting exetieargel resSithe WHadt isys nyBHackelic ddida im xed fluid
state by applying the desired electric power thereto. Only the
reacti on m xthe eliguidikeecongs fraamldwhdnbadmemaff tthee mezaxtioon vessel 206a
through a filter (not shown), and sent to the reaction vessel 206b

t hr ough t he Yvésgels| Svherehhithe seactinn fnadd dpcores ErErakimaseln t he
gaseous phase portion or in the |liquid phase portion. On the other hand,
the vapor RS%Rat kb i frdhe YT e @BEPEIBh GO T ddtith QRS Ldfseous

formthrough the line 216 into the liquid in the .
ation, usually, the reaction is conducted in 2-5

reaction vessels.

Fig. 3 shows an example of an apparatus com-
prising 4 reaction vessels and a distillation column.

When the reaction is effected in 3 or more
reaction vessels, the starting methanol is fed to one or
more reaction vessels after the first reaction vessel to
which the starting methacrylic acid is fed. When metha-
nol is fed to one reaction vessel, it is not always good
to feed it to the final reaction vessel. For example,
in the case of 5 reaction vessels, the methanol-feeding
position is most preferably the 4th reaction vessel.
This is because the overall reaction rate of the whole
system is varied depending upon the methanol-feeding
position and it is the highest when methanol is fed to
the 4th reaction vessel. Methanol must not be fed to
the reaction vessel 306a connected to the distillation
column 307 because the liquid phase in the reaction
vessel 306a comes to have a composition rich in methanol
and the vapor generated in the reaction vessel 306a
becomes a methanol-methyl methacrylic acid azeotropic

mixture having the lowest boiling point, whereby it



T
reacti on vessel 206a. The above two transfers are effected sinultaneously
so that gas-liquid counter- current contact can be conducted between the
two vessels. The desired withdrawal of the liquid fromthe bottom of the

reacti on vessel 206b is effected via the Iine 217 through a filter (not
shown). The withdrawn liquid conprisest¥efnly the starting nethacrylic
acid

met hacr yl at ePRRENEF sHMRRFTH IR &P %ﬁ#@}ﬁuf;?&ﬁﬁﬁc%ehgg a[;%‘}f%%aget hyl
LS i bt AR A S Sl B,
and whi or ar ENPCHERRELR UASTRURC IO il Bithd o] MASESn ‘col umm 207, In
R i i PR

I s desi gned %9tﬁ§¥§ﬁ§ ?gﬁﬁét%§e§iﬁéﬂ ﬁ&éﬂ{idﬂ“@ggséﬁ.3@qugs§-;Q, and

operated at a~ re ) O or nore. The distillate gas from the
top of the djgtibbat Ons604edFed Odo WiindvLONGY inSQM bHilANY Makkgrs,

met hacryl ate and water whith are the products is condensed in the
condenser 204nanghévbhecéef recycled to any one of the reaction

vessels before the final reaction vessel. Usually, the
withdrawn liquid is recycled to the first reaction
vessel to which methacrylic acid is fed though this is
not critical. |

The operation of this reaction apparatus is
not critical; however, the reaction apparatus is usually
operated by feeding the predetermined amounts of meth-
acrylic acid and methanol, setting the pressure of the
distillation. column, applying heat in the amount neces-
sary for effecting the desired boiling to the reaction
vessels while conducting the necessary control, and
controlling the amount of the liguid withdrawn from each
reaction vessel so that the ligquid level in each re-
action vessel becomes constant. The amount of meth-
acrylic acid and methanol fed are sunitably increased or
decreased observing the distillate amount and the liguid
level control state.

In the process of this invention, the reaction
pressure and the reaction temperature are not critical;
however, it is preferable to conduct the operation at a

pressuré of about 500 Torr to atmospheric pressure at
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separation in the oil-water separator 205. The aqueous phase
taken out fromthe line 211. A part of the oil phase (ester

phase) is returned to the top of the distillation colum 207 and the
residue of the oil phase is taken out as a product. nethyl nethacrylate
fromthe line 212. UBuaIIy, this produdt Is further purified by
to be mad n |, pr.oduct The | ar ercftr% L{__nber of
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vessel s mhereby the re
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acid is increased to 90-99.9% and methyl methacrylate

can efficiently be produced.

DESCRIPTION OF PREFERRED EMBODIMENTS
This invention is further explained in more
detail below referring to Examples, which are not by way

of limitation but by way of illustration.

Example 1

Methyl methacrylate was produced from meth-
acrylic acid and methanol using the same multistage
reaction-distillation column as shown in Fig. 1. The
reaction-distillation column had an inner diameter of
0.1 m, and was composed of a reaction zone having a
theoretical plate number of 20, a distillation zone
having a theoretical plate number of 5 above the
reaction zone and a distillation zone having a the-
oretical plate number of 2 below the reaction zone.
Each plate of the reaction zone was packed with 0.1
liter of Duolite (trade mark of Rohm & Haas) C-26C which
is a strongly acidic ion-exchange resin. Methacrylic

acid was fed in the liquid form at a rate of 1.0 kg/hr

ows an exanpl e of

an appar at us aC&tgmarAéwgoé Y @pi O VaseelorARi e ol U ety .



When the reaction is effected in 3 or nore reaction vessels, the starting
met hanol is fed to one or nore reaction vessels after the first reaction
vessel to which the starting nethacrylic acid is fed. When nmetha- nol is
fed to one reaction vessel, it is not always good to feed it to the final
reaction vessel. For exanple, in the case of 5 reaction vessels, the

nmet hanol -feeding position i s nost preferggly the 4th reaction vessel.
This is because the overall reaction rafe*of "the whole systemis varied

q di - | . . dit i :

depend! 19, UPONSLe ARISIA phsedl MenPRRE! L8 BOMLL Lok oph D b oo b

the reaction vgssel 3093 GORRECLedch oohNEafL st i | 4atiolo) GlUTpedOT, Decause
e liquid phase in"the réaction vessel comes Tt o have a conposition

rich in methanghe a9dyike fuaRORtIgNShRECHs] §. kDK PRE LSO NESEPL, 3062
becones a net hanol -nmet hyl methacrylic acid azeotropic m xture having the

| owest boilingppaitet (theenaky blate of the reaction zone) (the mole 15 -
beconmes i npossible to take out effectively water from the system

Accordi ngly, agazisabifemetha@olr 86, mebRacriybhecread ipn 1sl1effected in one

reaction vessel, dehydration cannot be conducted. Also, the liquid

w t hdrawn fronRehetfionadis¢cadtebhnonewasl c8ifdcted af a top pressure of
500 Torr at a top temperature of 74°C at a bottom pres-
sure of 600 Torr and at a bottom temperature of 86°C.
Incidentally, a half of the bottom liquid was evaporated
and returned to the bottom to heat the reaction-
distillation column. The residue of the bottom liquid
was subjected to removal of high boiling matter and then
returned in the gas phase onto the lst plate of the
reaction zone. In the column, the 19th plate was at the
lowest temperature of 73°C and the 6th plate was at the
highest temperature of 114°C. Incidentally, the ligquid
residence time in the reaction zone was 0.43 hour.

The vapor boiled in the reboiler rose in the
column to fluidize the strongly acidic ion-exchange
resin. The vapor from the column top was condensed to
find that the composition thereof was water 8.9% by
weight, methanol 2.3% by weight, methyl methacr}late
88.3% by weight and methacrylic acid 0.35% by weight.
The distillate was separated into an oil phase (ester
phase) and an agueous phase. The aqueous phase was
taken out at a rate of 0.21 kg/hr and a half of the oil

phase was returned to the top of the distillation column



neéessary, subjected to renoval of high boiling matters, and thereafter,
recycled to any one of the reaction vessels before the final reaction
vessel. Usually, the wthdrawn liquid is recycled to the first reaction
vessel to which nmethacrylic acid is fed though this is not critical.
The operation of this reaction apparatUsl?s‘ not critical; however, the
reaction apparatus,is_usuglly. -operate f eedi ng_t.he predeterm ned
anount s of ma?ﬂg §58r§FF’&gggi 8faﬁgen%{’ﬂa%b% S€ J8% %h%k?rheo‘ffr ¥fte of the
distillation. , ~app! ¥l at | nount neces- sary for
p§8h{{§g dag R ¥5§8 8¢ % 14 i@ﬂaf‘.

effecting the*desi orlTng to thé reattion vessels while conducting the

necessary control , and ggeNLEALLEDG: sHo AT e fles hond 48kl Wi bk aun from

each reaction vessel so that Iquid |l evel 1n each re- action vesse

becones constangy fhe.aipHet AbtARAS: 19@%%%%@5&& angesmfhanothied are

suitably increased Oor décreased observing the distillate anount and the
liquid |evel gpptaek 95ate. by weight and mdticadfPressadid tdi36s nyention,

the reaction pressure and the reaction tenperature are not critical;
however, it iwepghterable to conduct the operation at a pressure of about
500 Torr to atnospheric pressure at : - 16 -
The substantially remaining methacrylic acid
was only the methacrylic acid contained in the ester
phase taken out from the column top, and the methacrylic

acid conversion in said reaction-distillation was 99.6%.

Example/z

Methyl methacrylate was produced from methanol
and methacrjlic acid using the same apparatus consisting
of two reaction vessels and one distillation column as
shown in Fig. 2, provided that the liquid in the reac-
tion vessel was heated by the jacket. As the reaction
vessels, two 2.2-liter glass separable flasks were used.
To the lst reaction veséel 206a were fed 7.1 g of
methanol, 14 g of water, 500 g of methyl methacrylate,
480 g of methacrylic acid and 400 g of an ion-exchange
resin [(Duolite (a registered trade mark of Rohm & Haas)
C-26C, density: 400 dry g/liter], and to the second
reaction vessel 206b were fed 11 g of methanol, 11 g of
water, 374 g of methyl methacrylate, 604 g of meth-
acrylic acid and 400 g of the same ion-exchange resin as
above. The distillation column 207 was a packed column

having a theoretical plate number of 5 consisting of a
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the top of distillation colum at a tenperature of about 70-90[err]Cin
the distillation colum at a tenperature of about 80-120[err]C in the
reaction zone. Even when the process of this invention is
carried out at a low nole ratio of methanol to nmeth- acrylic acid of
1.01-1.20, the conversion of nethacrylic acid is increased to 90-99. 9% and
met hyl nmethacrylate can efficiently be,produced. DESCRI PTI ON OF
PREFERRED ENMBODI MENTS This invention is further explained in
nore detail W, Lring: a , j r 8¢ N ay] edf
limtation ba?%% %;L%F‘ *‘F?tﬁrg{’(.%g’? dgﬁ%g g 98 s ot hyl

et hacryl at e yag Bradycsd géeﬂl th- acrylic acid and nethanol using the
same nultistage reaction-distillation colum as shown in Fig. 1. The
reaction-distillation egbupBabadoAnve6€Ls dirgr@t €1 pfed Oviltima anthsms
conposed of a reaction zone having a theoretical plate nunber of 20, a
distillati onagener bawtegat theonetéssiryl el ectmibepowdr S0HbHOVZS t he
reaction zone and a distillation zone having a the- oretical plate nunber
of 2 bel ow t ke/miactNerhzane ic Bacid plast edf irhaeheeddigude £Zoam W& packed
with 0.1 liter of Duolite (trade mark of Rohm & Haas) C-26C which is a
strongly aci dhe reaceichangssetsRfbaeommecryed ctoathe dbstikrtiPrhe |iquid

format a rate of 1.0 kg/hr
column 207 at a rate of 283.8 g/hr and methanol was fed

in the liquid form to the reaction vessel 206b at a rate
of 116.2 g/hr (the mole ratio of methanol to methacrylic
acid was 1.1), to effect esterification reaction.

The pressure at the top of the distillation
column 207 was adjusted to 650 Torr and the reaction was
continued. After 50 hours, the temperature at the top
of the distillation column was 80°C, the liquid tempera-
ture of the reaction vessel 206a was 95.6°C, and the
liguid temperature of the reaction vessel 206b was
102.8°C. At this time, the amount of the contents
withdrawn from the reaction vessel 206b was 57.0 g/hr
(the residence time was 5.03 hours), the aqueous phase
was withdrawn at a rate of 59.6 g/hour from the oil-
water separator, a half of the oil phase was returned to
the upper side of the distillation column 207, and the
residue of the oil phase was obtained as a product at a
rate of 308.4 g/hr.

The composition of the condensate obtained by
condensing the distillate gas from the top of the column

was 9.2% by weight of water, 4.1% by weight of methanol,



- 17 - onto the 6th plate fromthe top plate of the colum (the 1st plate
of the reaction zone). Methanol was fed in the liquid format a rate of
0.41 kg/hr to the 19th plate (the 14th plate of the reaction zone) (the
nole ratio of methanol to nethacrylic acid is 1.1). Reaction-distillation
was conducted at a top pressure of 500 Torr at a top tenperature of
74[err]C at a bottompres- sure of 600 Torr and at a bottom tenperature of
86[err]C. - Incidentally, a half of the bgttomliquid was evaporated and
returned to the bottomto heat the reaction- distillation colum. The

resi due of t@e.tv@tbynwé'&gutdofvwaétﬁypj:@@ﬁle&lciqameéma(ﬁa {0 hii i | i ng
matter and then returned in the gas phase onto the 1st plate of the
reacti on zongethacthtieohuia,. tihre 196mpds it tonast athé heil | piviessd wastper at ure
of 73[err]C and the 6th plate was at the highest tenperature of 114[err]C.
I nci dent al | y2.8%ebyi waightr efi daher, t 3 n2% i by tweighktcef arelmaroas 0. 43

hour . The vapor boiled in the reboiler rose in the colum to
fluidi ze the94t4¢®nhyywedghtcof ometkyhamegehaceylate Tard v3POrPE® o?d t he col um
top was condensed to find that the conposition thereof was water 8.9% by
wei ght, net haebhaerglipyaeéfight Theenethacey hber§fid econversion was

93.2%.



88. 3% by wei ght and nethacrylic acid 0.35%by weight. The distillate was
separated into an oil phase (ester phase) and an agueousS phase. The

aqueous phase was taken out at a rate of 0.21 kg/hr an 0 il
phase was returned to the top of the distillation colu !m I! IJL ﬁm
- 18 - a ¢ at a

and the residue of the oil phagg was taken out

rate of 1.14 kg/hr. _ The conposition of the ester phase was water
2. 0% by wei gftaT s hepoimEDd 9%:by wei ght, nmethyl meth- acrylate 95. 7% by
wei ght and nethacrylic acid 0.36% by weight. The substantially

remai ni ng methacryl i c ;agrbcesss foni prodecieghaethylcmathdcerhesPned in the
ester phase taken out fromthe colum top, and the nethacrylic acid
conver si on ifiremime thearty o dicid (angt meshaaeloowbish CORRAMBLE 2

Met hyl methacrylate was produced from nmet hanol _and nmethacrylic_acid using
the sane appieesting methagyykic @ciddnleBELtREROFeS0eRE ﬁﬁaa%ﬁEuﬁistillation
colum as shown in Fig. 2, provided that .the Iiguid Ln %Egpreac- tion

vessel was IRORRELGANG e FRRKEOD AOTELRAVERG: PIR-adeE88 wo 2.2-liter

gl ass separ (fjlsb@lce'cjlcclanasskczsor\1l\rl1e<er<:ei'.euciS eiq'i series and containing a strongly
acidic ion-exchange resin and a distillation zone, said
methacrylic acid being fed to the first reaction section
of the reaction zone and said methanol being fed to one
or more reaction sections after the first reaction
section, sending the reaction mixture formed in each
reaction section to a reaction section just thereafter,
sending the vapor generated in each reaction section to
a reaction section just therebefore, effecting simul-
taneously reaction and distillation in each reaction
section, and distilling the vapor generated in the first
reaction section of the reaction zone in the distilla-
tion zone to separate the methyl methacrylate produced.
2. The process for producing methyl methacrylate
accordiﬁg to Claim 1, wherein the apparatus comprising a
reaction zone having plural reaction sections connected
in series and containing a strongly acidic ion-exchange
resin and a distillation zone is a reaction-distillation
column consisting essentially of a reaction zone com-
posed of plural plates connected in series and contain-
ing a strongly acidic ion-exchange resin and a distilla-
tion zone or an apparatus consisting essentially of a

multistége successive reactor composed of 2 to 5 reac-



To the Ist reaction vessel 206a were fed 7.1 g of neth er,
500 g of nethyl nethacrylate, 480 g of nethacrylic aci Hu ﬁHﬂ M
i on-exchange resin [(Duolite (a registered trade mark of Rohm &*Haas)*

C-26C, density: 400 dry g/liter], and tg4he second reaction vessel 206b
were fed 11 g of nethanol, 11 g of water, 374 g of nmethyl nethacryl ate,

604 g of met *Eiqrﬁqéééeclsa‘éo%n@&%ggp(}.ng s%frire*%ec%ﬁé'!ﬁ[ih%geécgﬂ%ﬁg&%i n as

above. The distillation colum was a packe olum™ having a

theoretical Rl IUHexRhafgeORelsihi Bedok Aistillation column.
- 19 - glass colum having an inner dianmeter of 30 nmfilled wth a

di xson packi rg. The pHieessadbroprodasehy wethydt mechdcwytihte gl ass
anchor bl ade at the necessary electric power of 0.25 kwnferr].

Met hacryl i ¢ adabrbsng acb iClatilme 1,i ophiedtefiar ihieo appheateactomprisssgl a206a
connected to the distillation colum 207 at a rate of 283.8 g/hr and

met hanol was Headtiion tdene agdi @ ddsmitldathionr aeoei 66 ¢etsart208b at a rate

of 116.2 g/hr_(the nole ratio of nethanol to nethacrilic acid was 1.1), to
ef fect est er idistdtlil@tio@acolan consisting pgsepiéadd¥eCit at RBAEEHOBf t he

distillation colum 207 was aqﬁusted to 650 Torr agd‘the reactiog was
zone composed of plural plates connected in series an

containing a strongly acidic ion-exchange resin, meth-
acrylic acid is fed onto a plate on the upper side of
the reaction zone, methanol is fed onto a plate on the
lower side of the reaction zone, a part of the bottom
liquid is heated and evaporated in a reboiler connected
to the reaction-distillation column, the vapor generated
on each plate is sent onto a plate just thereabove, the
reaction mixture formed on each plate is sent onto a
plate just therebelow, the ion-exchange resin is flui-
dized on each plate with the vapor rising from the plate
just therebelow, reaction and distillation are, simul-
taneously therewith, effected in multistage, the vapor
generated in the uppermost plate of the reaction zone is
distilled in the distillation zone, to distill out and
separate methyl methacrylate from the top of the
reaction-distillation column.

4. The process for producing methyl methacrylate
according to Claim 3, wherein the plate number of the
reaction zone composed of plural plates connected in
series and containing a strongly acidic ion-exchange

resin of the reaction-distillation column is 15-20.



continued. After 50 hours, the tenperature at the top of the distillation
colum was 80[err]C, the liquid tenpera- ture of the r essel 206a
was 95.6[err]C, and the liquid tenperature of the reaCE’jﬁm1 gﬁ
102.8[err]C. At this tinme, the anount of the contents

reaction vessel 206b was 57.0 g/ hr (th; residence tinme was 5.03 hours)
t he aqueous phase was withdrawn at a ra?e of 59.6 g/hour fronlthe oi | -

wat er separagor, a halgn@f 1k QB?r si de of
the distillation colum 20 £ ged§ %&Paées e %f’%ﬂgﬁo was~ obt ai ned
as a prOdUCta@&oﬁdiﬁ%teooél§§§ %, Wfdrein a q stllﬂggiéﬁ) gan of the
condensat e obt ai ned condenS|ng t he dlstl'ﬁate gas fromthe top of the

colum was ;Slr:c’z‘%d)ydwmgﬂﬁe Qflp%ﬁ edidé ahid R Wi htowr NBIanE the _
- 20 - . 86.7% by weight of nethyl nethacrylate and 340 ppm of nethacrylic

acid. The cogastiomnzadet he 0|I phase was 2.3% by weight of water, 3.3%

by wei ght of nethanol, 94.4% by wei ght of nethyl nethacrylate and 350 ppm

of methacryiic acid. The preedessy idx moidhciony eretihgl watha®3dy2d%te
according to Claim 3 or 5, wherein the reaction zone is
provided below the methanol-feeding plate.
7. The process for producing methyl methacrylate
according to Claim-‘l, wherein the apparatus comprising a
reaction zone and a distillation zone is an apparatus
consisting essentially of a multistage successive
reactor having 2 to 5 reaction vessels in which the
strongly acidic ion-exchange resin is fluidized, and a
distillation column, methacrylic acid is fed to the
first reaction vessel, methanol is fed to 1-4 reaction
vessels after the first reaction vessel, the reaction
mixture in each reaction vessel is sent to a reaction
vessel just thereafter, the vapor generated in each
reaction vessel is sent to a reaction vessel just
therebefore, reaction and distillation are simultane-
ously effected in each reaction vessel, the vapor
generated in the first reaction vessel is, simultane-
ously therewith, fed to the distillation column, the
bottom liquid of the distillation column is circulated
to the first reaction vessel and methyl methacrylate is
separated from the top of the distillation column.
8. The process for producing methyl methacrylate

according to Claim 1, 2 or 7, wherein the reaction



WHAT IS CLAIMED 1IS: 1. A Process for producing nethyl nethacryl ate
from methacrylic acid and net hanol, which conprises feeding nethacrylic
acid and nmethanol to an apparatus conprising a reaction zone having plural
reaction sections connected in series and contai ning ﬂ"’ i @AbiC

i on-exchange resin and a distillation zone, said neth mmm”mﬂhg
fed to the first reaction section of %‘Pe reaction zone*antl stai df nmet hanol
being fed to one or nore reaction sectfons after the first reaction
section, sending,the reaction m'éture forrreqtqhi YL horr%acti on section to a

reaction seftToR | 1Rt2 t et EatRer SYPR FRfi iy Fhe' S

Vapor generated in each

reaction segiion.to cLl td just therebefore, effecting sinul-
t aneously r%%é:’f@‘bénl%%gtﬁ%t%%‘?%?%g ‘%(%Eeéalc'h reaction section, and
distilling ¢ he vapor i L4 St AN riRGid he
reaction zo§n'e in the %F%teéﬁgggﬁ%ﬁe%%drﬁelgtlondsgﬁéﬂ te the d&lﬁté

net hacryl at g psAELdeo @laim 1, 3 e PJ GRS frONY H@IE T URS vt

met hacryl ate according to Caim1l, wherein the apparatus conprising a
reacti on zonech@ybNotd! wéthatLplic debclsd anvicaneected in series and
containing a strongly acidic ion-exchange resin and a distillation zone is
a reaction-distillation



v

col umm consisting essentially of a reaction zone com posed of plural

pl ates connected in series and contain- ing a strongly acidic ion-exchange
resin and a distilla- tion zone or an apparatus consisting essentially of
a nultistage successive reactor conposed of 2 to 5 reac-

- 22 - tion vessels connected in series containing a strongly acidic
i on-exchange resin and a distillatio ﬁ/ﬁ | um. . The process for
produci ng nmet hyl methacrylate accor ﬁg to C|a|n11 wherei n the apparatus

conprising a reaction zone and a distillation zone is a reaction-
distillation colum consisting essentially of a reaction zone conposed of
plural plates connected in series and containing a strangly acidic

i on-exchange resin, neth- acrylic acid is fedwOnto a te on the upper
side of the reaction zone, nethanol is fed on%gia pl at® on_the |ower side

of the reaction zone, a part of the b@+tdm i d is he
in a reboiler connected to the re cﬁoon di stil
generated on each plate is sent_0 td a | ate |
reaction m xture formed on eachg@l i /
t her ebel ow, the ion- exchangeﬂre

vapor rising fromthe platec“|ust
are, simul-.
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taneously therewith, effected in nultistage, the vapor generated in the
uppernost plate of the reaction zone is

zone, to distill

nmet hacryl ate

out and separate nethyl
reaction-distillation colum. 4.

reacti on zone conposed of plural plate2

a strongly acidic ion-exchange resin ofp?

is 15-20.

for producing nethyl
distillation zone is
t he reacti on zone.

nmet hacryl ate

provi ded bel ow t he met hanol - feedi ng pl a
produci ng net hyl nethacryl ate accordi hg
i reacti on zone and a dlst
consisting essentially of a multistagey
reaction vessels in which the ‘

conprising a

nmet hacryl ate

nnected in

- 23- 5.

distilled in the distillation

nmet hacrylate fromthe top of the
The process for produci ng nethyl
according to Claim3, wherein the plate nunber of the
series and contai ning
he reaction-distillation colum

The process

according to Caim3, wherein a

provi ded on the upper side and/or the |ower side of
6. The process for produci ng nethyl

according to Caim3 or 5, wherein th?%r
7
Q
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-
‘strongly acidic ion-exchange resin is fluidized, and a distillation .
colum, nethacrylic acid is fed to the first reaction vessel, nethanol is
fed to 1-4 reaction vessel s after the first reaction vessel, the reaction
m xture in each reaction vessel is sent to a reaction vessel just
thereafter, the vapor generated in eagyTRAEPCtI on vessel is sent to a
reacti on vessel just t herebefore, reaction and distillatjon are

si mul t ane- ously effected in each reaction vessel, the VQP el)generated
in the first reacti | ' tane- -ously therewith, fed to the
distillation col unngﬂtq\@ﬁ%%@m&ﬁbﬂgwm CRYLATECol um i s

circul at ed to the first reaction vessel and nethyl nethacrylate is

separated fromthe top of the distillation colum. 8. The process
for producing methyl nethacrylate according to daiml, 2 or 7, wherein

t he reaction - 24 - vessel is a
stirring type reaction vessel or a fluidizing type reaction vessel. 9.

The process for producing nethyl nethacrylate according to Claiml1, 3 or
7, wherein the nole rati 8norffisiRpanoprogesast facr produasng methyDdi1- 1. 20.

methacrylate which can give a high methacrylic acid
conversion even when the mole ratio of methanol to
.methacrylic acid is small, said process comprises using
an apparatus comprising a reaction zone having plural
reaction sections connected in series and containing a
strongly acidic ion-exchange resin and a distillation
zone, feeding methacrylic acid to the first reaction
section, feeding methanol to one or more reaction
sections after the first reaction section, sending the
reaction mixture formed in each reaction section to a
reaction §ection just thereafter, feeding the vapor
generated in each reaction section to a reaction section
just therebefore, effecting simultaneously reaction and
distillation in each reaction section of the reaction
zone and distilling the vapor generated in the first
reaction section in the distillation zone to separate

methyl methacrylate.
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