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SPECI FI CATI ON METHOD OF PRODUCI NG METHACRYLI C ACI D
ESTER 5 Technical Field The present invention rel ates
to a nethod of producing a nmethacrylic acid ester

(i nclusive of a phenolic ester). Background Art 10
Heretofore, a nethacrylic acid ester is industrially
produced by an esterification reaction between a

nmet hacrylic. acid and an al cohol or a phenol in the
presence of an acid c8PECGIFICAPIONY an ester-exchange
reaction between a nethacrylic acid ester and an

al cohol or a phenol in the presence of an

est er-exchange catalyst. In recent years, the method
of pr deTHAPD Ofe PRODECHING METHACRYLIS AQIDIBESTER

est er-exchange reaction is often used, because both
of a starting material and a product are an ester and
an al cohol or a phenol, and hence, the products are
rel atively easily sepafeshnicalyieldstil |l ation and waste
water is not generated. As the ester-exchange

r eacT N@Rresent innentien relatesyton@ mathodref praduging 2 metbaerylic
in the foll owing f la (1) is f t
aGd elaralnclushvasta Rbpngls SStefacH G 0 (1) (A (8] (O

(D) wherein R represents an al kyl group, an aryl
group, an al kenyl group, or an aral kyl group.

However, the ester-ex reaction shown by the
above formula (1) i sﬁ%ﬁ?ﬁqqaé iumreaction, and

hencﬂerétbfo?’é’ﬁ g‘%‘i’l{l?}&w?& 564 &?é(ﬁgﬁr;&fsggﬁﬁ{ér%bgced by an

conver si on. e’conversion
edl8fREtRNebBliGT éﬁ@efn MdthadiSlié. |

nmet hyl net hacr yPa_t e A? , ahég\?v“%?gig %)HQG?ES%!&EI‘R ﬁ%%égWhenoI
iNANG predenteldfanT adid eatlyst, 65by an (Ester-athabe PeaGtiHH

nmet hanol (D) after the
between a methacrylic acid ester and an alcohol or a phenol in the presence
of an ester-exchange catalyst. In recent years, the method of producing the
methacrylic acid ester by the ester-exchange reaction is often used, because
both of a starting material and a product are an ester and an alcohol or a
phenol, and hence, the products are relatively easily separated by distillation
and waste water is not generated.

As the ester-exchange reaction, a reaction using methyl methacrylate

as shown in the following formula (1) is frequently employed:

OR
)\( + CH;0H

(A) (B) (C) (D)
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reacti on, which makes the operations conplicated.
Therefore, in order to shift the equilibriumto the
product side and 10 further enhance the conversion,
it is conducted to renove by-product nethanol (D)
together with an azeotropic solvent fromthe reaction
system For exanple, since raw nethyl nethacrylate
(A) forns an azeotropic mxture wth by-product

wﬁgtﬂﬁ'ﬁ’}?dggéeqtg\)aﬁ@kggrgﬂb,eaﬁ‘éi% SLOLYH, ahaéﬁk%@g B}éc#upa or an

acry SO as e’'l'n exc

a | @foli®! € nunber of the 15 raw al cohol (B), and
@%%d‘?ﬁt nmet hanol (D) is renobved as an azeotropic

m xt Howvever themssterl-exahiahgerghetion $Howh by thé BBove forinud
system However, in a case where the reaction rate,
(1).i® an edudlibpiuatrezdtion, and tiente, ibdogs ndupsroceed bapohd &D)
is not sufficiently high, a |l arge excess of nethyl
centaihaonyeesian. ( Wherstheezorweesign islone itds eebgssary thuséparate
met hanol (D), so that the 20 productivity tends to be
alhthe ingredientsiofg raw methyl deethaorylate tAjra eanealcobpl (B), an end
m xture in which a concentration of by-product
prasiush methaanylic acidrasterdés, and bywredueteethanel @hafienthe
reacti opl_ system there i s enployed a nethod wherein a
reastionowhish makes the-eperatiors pemplicateds di still ed out

o SRS 5t LS B b,

e R e b Ao iR
AR 10, B e B oA ol i R

FOPERAFBR, siehaw Mb{rm ﬁﬁtﬁ%ﬁiﬁé (RYforfs &t &e Iii&ure

reacti on between net acrylate and an al coho

with by-grodoel methdrite (DF & Harge medIetrRimisstLofPRRMnSthy th a
di stillation colum, wherein the ester-exchange

mettearirylate (A) is aet sedisdotbe intexceseof aahargemate number of the
azeotr oEi c mxture of nmethyl nethacrylate and nethanol

rawhaloohphB)c and byHprotiuctrngthanob(Dhis resieved gsarmazaatrapic
the distillation colum. .

mixture with methyl methacrylate (A) from the reaction system.

However, in a case where the reaction rate, i.e., the production rate of
by-product methanol (D) is not sufficiently high, a large excess of methy!
methacrylate (A) is necessary to remove by-product methanol (D), so that the
productivity tends to be poor.

Accordingly, in order to form an azeotropic mixture in which a
concentration of by-product methanol (D) is enhanced and to remove it from
the reaction system, there is employed a method wherein a portion of the
azeotropic mixture is distilled out and the remainder is refluxed while
controlling a reflux ratio, by the use of a distillation column. In this method, it

is desired to produce the methacrylic acid ester with a higher productivity.
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Di scl osure of the Invention 10 An object of the
present invention is to provide a nethod of producing
a methacrylic acid ester which conprises the step of
carrying out an ester- exchange reaction between

nmet hyl nethacrylate and the al cohol or the pheno
whi | e renovi ng by-product nethanol as an azeotropic
m xture with nethyl nmethacrylate fromthe reaction
syst - ‘

et hEcy RIS, Japatio 2 PRlér al Oben g, 77 4T peo
115850/88 iand! 11 8362/ It EShthin SrobBSsdsbk prodidindan iHtsnded
present 1 nvention relates to a nethod of pradducing a

n‘!ﬁﬁﬁébﬁ?lid’ééia esér ISithﬁ b§fer@°xcﬁ§n§€ra Fé&&ian{et\ﬁgﬁH Bethyl

i ch” conprises tthe step of calrying ou

methiadrylete BA0 ah d1E6Hd|icPa BNt B the L5y lof BRbBaeF Bhakped
and the al cohol or 20 the phenol while renoving

withi-gpdistiliationrailinowhefeif theiesterleRBhand®d rdaetion\é tdrried out
met hyl nethacrylate fromthe reaction systemvia a

while extraetingan @azeotropicmigture of methylanethacrydate, aridymetranol
use of a reaction apparatus equi pped with the
undertthelcantrohotamly mgolumartep temperatacofi the distiliation colimn.
out while controlling the reflux ratio so 25 that a
tenperature of the uppernost stage in the distillation
colum may be from63 to 68C, a tenperature of the
ni ddl e stage in tHaisglostre ptthedaventialnm 3 nmay be from

O Aot the HeSHRE v eRlion Jtd PGS Methea & producing
' . S|
a JitABerSlic bR ASEPRRRY CifoiSas BB T obfaRgNG Cut B esfar-
eicf?‘%nﬁ@%Scf?érr égtm}éérpt%%?hryz %QS%EE? ghﬁ?pg %?CZ)%B‘ or the

I nvention re es to a

pRER A AHiN! refcW G bR predudimatRarbrad'ah a%ot?oﬁ@‘?ﬁ‘i%%é‘mitﬁh

conprises the step of carrying out an ester-exchange
metit hethatiyiate donreidbdactibh kgster ah8erdfiux icoAdiibagho!

or the phenol while renoving by-product nethanol as an
wherein the methacrylic acid ester is produced with a good productivity by
controlling the reflux ratio.

The present invention relates to a method of producing a methacrylic
acid ester of an alcohol or a phenol which comprises the step of carrying out
an ester-exchange reaction between methyl methacrylate and the alcohol or
the phenol while removing by-product methanol as an azeotrbpic mixture with
methyl methacrylate from the reaction system via a distillation column under
reflux conditions, by the use of a reaction apparatus equipped with the
distillation column,

wherein the reaction is carried out while controlling the refiux ratio so

that a temperature of the uppermost stage in the distillation column may be

from 63 to 68°C, a temperature of the middle stage in the distillation column
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azeotropic mxture wth nethyl nethacrylate fromthe
reaction systemvia a 10 distillation columm under
reflux conditions, by the use of a reaction apparatus
equi pped with the distillation colum, wherein the
renmoval of the azeotropic m xture of methanol and

met hyl nethacrylate fromthe reaction systemis
started after a tenperature of the uppernobst stage in

may bedramnied tat 90°C, apduate ature®f etk fowdsst 8gedn@RE. 2a
15 tenperature of the mddle stage in the distillation

distillation dodumnenaybe ffane 80 t6 3 000C W9 @rnarsf the temperatutdsaat
of the | owest stage in the distillation colum has
nargat peessurewhite the ddard@rsiontof thes alcbholhar the pbenel isnithin
at normal pressure; and the reaction is carried out
themange 06A0t0I90% g the reflux ratio so that the 20
temperatures in the distillation colum my be
mai iMareruerviherpresenisnyention relatagto awhethedtdferoducing a
conversion of the alcohol or the phenol is within the
m?‘i‘ﬁg@/'@fadqgsm of @maleshial ©F @rpheanet whickseamprisesctinei step of
relates, to the above-nentioned nethod of producing a

caring et an esterrexchange reastiofkatwean mathw methacrylate and

o S et PG e b AR b 5
REChlebue st Pl cHi @i R et e o
et S et ISR Ay o) B U306 diRaetitipdrdus
equSTRR] WitH 1158 ld%ftillélrik% £ stage and the |owest stage

In the distillation colum nmay be 99C or higher in

t er nghereirt i fenieVa! of td a2sotPipi@AiEte 6f MRErRI aflnethy
the reaction is termnated. The term"reflux ratio"

métbaerytatedfeom the readtionadystern é$ btaxied aftap eteniperature of the
distilled amount of a condensed liquid, in a case
uppeeneststpgetin the distilation calunhertsasdrdached frons 68its 68PCed
out and the remminder is refluxed after a vapor
temperature of the middle stage in the distillation column has reached from
68 to 90°C, and a temperature of the lowest stage in the distillation column
has reached from 90 to 100°C in terms of the temperatures at normal
pressure; and
the reaction is carried out while controlling the reflux ratio so that the
temperatures in the distillation column may be maintained within the above
range, while the conversion of the alcohol or the phenol is within the range of
10 to 90%.
Moreover, the present invention relates to the above-mentioned
method of producing a methacrylic acid ester,
wherein, after the conversion of the alcohol or the phenol has

exceeded 97%, by-product methanol is completely removed as an azeotropic
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evaporated fromthe inside of a reactor of a reaction
appar atus goes through 10 a distillation colum and is
condensed in a condenser. Moreover, when the
distillation colum is operated at a pressure other
than normal pressure (atnospheric pressure), a way of
converting a tenperature in the distillation colum
into a tenperature at nornal pressure is as foll ows.

R TR i Vo

B8 o 5 B 1 g
o@lu?m HC AL AR T il
A1 g 5P ol 2SS AR B

téfﬁﬁ@l%?ur"elscdi rﬂm@ﬁ%a‘&%uﬂ% %'ﬁgi%@ rbSctiit |§'t8r‘?ﬁ’ipafero°m the

boi 1 ng poi nt-conpositi iagram at nornal “pressure,

and tThe tbﬂﬁsrefﬂ&trétlaeﬁer@ih hie%gls@fdﬁo dfsa l%‘ﬂ&k@@ Qnﬁﬁmt toa

"t he t enperature at nor mal pr essure e present

distiled ainunt bha doptleH¥ed A§iid, irsa €856 mbk@ﬂ p%ﬁtuérhaf thtehe
temperatures in the distillation colum may be within

cohdermsenliguid iodistilletboutanid:the rehrain@érie cetibnied aftdrd vapor
ester, which is the end product, can be produced with

es(aguaeq)fromjbennsudg «of & réketor o @ reattioncapparatus goes through
excessively increased, an efficiency of renoving
agjstiliabian column aad is cemdﬁnsewanraamdemesyst em
deterjorates, and the nethanol concentration in the
who! MQfeeyen whendhe distillation cohummviss eperptad at peassure other
the rise of the_ nethanol

A8 ) Y SS e Qb e ST Aol sonvaises as o
tdriSetetue'io 475 RGN Collubed BiSthetasietcat dutiie PrRssie

istgseﬁmg ux ratiois excesswely decr eased, _the
anol concentration in the azeotropic mxture

whi cFirse o IRfURY 8mpositioht of Mbeid BPFMelAR Snd Myl
methacrylate whose boiling point at the pressure (the operating pressure of
the distillation column) is an actual temperature in the distillation column, is
obtained from the boiling point-composition diagram at the above pressure.
Next, a boiling point of the mixed solution of methanol and methyl
methacrylate having the liquid composition at normal pressure is obtained
from the boiling point-composition diagram at normal pressure, and the thus
obtained boiling point is defined as "the temperature at normal pressure”.

In the present invention, the reflux ratio is controlled so that the

temperatures in the distillation column may be within the above range,
whereby the methacrylic acid ester, which is the end product, can.be

produced with a good productivity.
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consequence, nethyl nmethacrylate is renoved fromthe
reaction system 10 nore than necessary. As a result,
in a case where a charge anmount of nethyl

met hacrylate is too small, all of nethyl nethacryl ate
is distilled off- before the desired conversion has
been reached, and hence, the reaction does not
proceed any nore. The production rate of by-product

met hioen thearsifies rafpisrelicassivalynéreassd, fam:éﬁib@n%y(ar as
a nolar ratio of the starting 15 materials and

ramovihg hy-prodaet meticinoHromMbe reactio @VsmtdétéMa%se%ﬁﬂtthe
i nvention, by-product nethanol can be renpved from the

med2anal concesiration infthe svhote Histitatibri colampitrises Mbrs thahhe
met hanol concentration in the azeotropic mxture wth
neeessAry,ntinh bringsaboutevart theaisendfl the nadthadol Ghceatration in
Nbde for Carrying out the Invention A raw al cohol or
@.agtornw aincase| As agesulti ihbecomesdifficulitbocshift #ig h

ai med net hacr}/]l ic acid ester. Specific exanples of
eqwkbrﬂlawsa@tmbhot erprodedt side. nOndte oﬁnermam wheatthe aefuk

?. ohol s such as net hanol, ethanol, pr opanol ,
rg '°|d§ 855%?"’9')% dsefeﬁsm the_rpathanel comce@uneaﬁaun the azeotropic

cohol n- hexanol n- he t anol ,

RBENARR s by ﬂeqyﬁ?\earﬁesm syslemdawRe., alnﬁt 'Q |
oifi Sﬁ‘gmﬂggﬁﬂfﬁ%w @#S"dr%%ﬁf\‘/%@aron? e restspRrivaiem
T T
méthyP niaRaasiitdls to% shtail ‘é‘ﬂgﬂ?ﬁ&ﬁgl htr%%lg{é’ug%é{{uggﬁgg |

al i'phatic Unsaturated alc

béfoﬂe mefméémddaédrwbr@bﬁ aks |beeﬁ [r8aShe P Hhd h%g]?g AL oll'eaction

aliphatic cyclic 5 alcohols such as cycl

dosst hotl procéedierpmore. dihel proeiketivh fatd of 6y1§?bdi@¢10hethanol
nor bor nane- 2- net hanol , 5- nor bor nene- 2- net hanol -

vajiesrianending am yadousfaodrs Suet asea tralar ratid of e etaaﬂmg
roup- containing alcohols such as glycidol,
m %ﬁ%ﬁw Aratelysttedeuseth dHgwever, ancomingtethe: present
SUCB a} henol and 2- phenyl phenol ; and aryl
mggﬁ YHRIOPUSHTY thanol can be removed from the reaction system
efficiently and in a state where the methanol concentration in the azeotropic

mixture with methyl methacrylate is sufficiently raised.

Best Mode for Carrying out the Invention .

A raw alcohol or phenol may be suitably determined in accordance
with an aimed methacrylic acid ester. Specific examples of the raw alcohol
or phenol include aliphatic saturated alcohols such as methanol, ethanol, n-
propanol, i-propanol, n-butanol, i-butanol, t-butanol, n-pentanol, t-amyl
alcohol, n-hexanol, n-heptanol, n-octanol, 2-ethy|hexy| alcohol, n-nonanol, n-

decanol, n-undecanol, n-dodecanol, lauryl alcohol, stearyl alcohol, ethylene -
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10 al cohol s such as benzyl al cohol, 1-phenyl ethyl

al cohol and 2-phenyl ethyl al cohol. A charge/ m xi ng
rati o between the raw nethyl nethacrylate and the raw
al cohol or phenol nmay be suitably determned in
accordance with the starting materials and a catal yst
whi ch are used. Usually, an anount of 15 nethyl
methacrylate to be used is preferably 1.2 nole or nore

gheol, MoBprepanddie!

preferably 20 mol e’ or |ess per nole of the alcohol or

hekanediol, 1118-bbtemedivl e Sticnanediot M Nbﬂe%bﬁéélbﬂg faterial
is a poI yhydrl c al cohol, the anount of meth yl

dodebanedibkard glycom!; Lairpthatle unpateifatedHicohols suehias allyl
obtai ned by nmultiplying the above val ue by the valence

akohol, 1, helimethyffaliyt aicohbk; prerial ahd isdprenole akiptiatic cyclic
i nvention, nethyl nethacrylate and the al cohol or

~ ajsobotls smf‘easJswdbhqxareﬂ,anemyhyclmheaaholot:y:ﬂohexartehe 4-

presence of a catal yst The catal yst to be used in
dm@than@ls aerbernase2-methanaldi-npeharnens-armethanod,tled, and
an catal yst can be used so Ion% as it has an

%@mem [dgE-methy lz2-adamaptanok fupetianab graupscontaining t

ounds, such as  tetranethyl

alqehglicsgh %é‘&yg%ig?&wppmmmm gy dgbonate
phubiuh it ahaZ-Bllenyienal: s 80 gfbupscontaining
alfondletdatlas BEOE @ﬁh%ﬁit%bhéﬁxlg@ﬂ%bﬂﬂ il Lrpheflvietny

hacryl ate, tetrabutyl-diacetoxydi stannoxane,
tetrabutyl - di nethacryl oyl oxydi st annoxane,

t et r Abshargethid r‘a‘ﬁb'W@éﬁ?ﬁé‘wmhyﬁnethagrylate and the

tetraoctyl-di met acryl oyl oxydi st annoxane an
rave atcohol w pheholanay bl suituBiysdetaimainad i abésraanasd aithhe
al kali netals and al kaline earth netals such as
staoting siateniala Endrs tatalysh dihich arer isetat @suatlyg aagmoant of
carbonate, calcium carbonate and |lithium carbonate;
metiydmetbaceriate tedie usedbisqirefesalbly 41X mdle or swre pemmale of
such as cal ciumch| oride, sodiumchloride

the alcohol or phenol, and it is preferably 20 mole or less per mole of the
alcohol or phenol. in this connection, when the starting material is a

polyhydric alcohol, the amount of methyl methacrylate to be used is

preferably an amount obtained by multiplying the above value by the valence

of the polyhydric alcohol.
In the present invention, methyl methacrylate and the alcohol or
phenol are usually reaéted with each other in the presence of a catalyst.
The catalyst to be used in the present invention is not particularly
limited, and any catalyst can be used so long as it has an ester-exchange
activity. Examples of the catalyst include titanium compounds such as

tetramethyl titanate, tetraisopropyl titanate, tetra-n-butyl titanate, tetra-2-

4|lefbyslan@dlophlewutaﬁ§w’ol' { 5—|§entaned|ol 1,6-



10 magnesi um chl ori de, potassium chloride and |ithium
chloride; hydroxides of alkali netals and al kal i ne
earth metal s such as sodi um hydr oxi de, potassi um
hydr oxi de, |ithium hydroxi de, nmagnesi um hydr oxi de and
cal ci um hydroxi de; - and netal al koxi des such as
al um num i sopr opoxi de and sodi um net hoxi de. The
- catalysts may be used singly or in conbination of two
emylhﬁxyétltanatmand teteasteanthitanates tintcempaunas\sschtas dibutyltin
used may be suitably determned in accordance with
oxile, gp&i’xlﬁlrhgxwat @meihxlttamneth@xm gibutyltinmiraethaxisle,
) . an anmpunt of the catalyst to be used
dﬂytﬁv@ﬂéﬂahbamdﬁteowawmcetwd@twomee tejrabuty-
hol or phenol, and it ferably 0,2 nole or

dm% ac éqylwmdésta'f\nqweamtamtyl%f agutquydrf@annpxaﬁe,
htsdreiath '@E ok Grloa e apPRxing Bnd teifaostder or 11 i o
dffﬁsagglﬁ sl 2éns sarbondlss afﬁﬁmﬁ ripisr i alkEitiz, atin
retas§ fich 3 gosibih @iBohg R sodhBf FaBhate, pdiadiyny’ = ©
cﬁ@%ﬁ%@aﬁust. Bfhate rRRIR] ARbhE, AR 3 i e

mgt&lsdrid él[a?ﬁrtéee p{&f&k?s%{ch% ca?&Hh-{;br%léﬂ“&‘e firR'chloride,

Specifica nerization in or nay

nwgmelumdhlonda ﬁ@tbbmhrrnaﬁlbﬁaéhhatlmuﬁr&lbh@e rrwbiuaéé of

sol uti on may be supplied fromthe uppernost stage in

alkati ndetals andhalkaline ebrtimmetalsesuyshl assadiant hyarokids| potassium
to be used in the present invention is not

hpdnoxidey lithitm Hyidndxide, magdesium hystrpxide candbgaltiemusyadioxide;
long as it has a 5 polynerization- |nh|b|t|ng effect to

apg énefét alkexides sugh iag aluminum sopreped %an@l w@dlum methoxide.
E rlzatIOH%Inhlblt r i ncl ude, phenol ounds such

MAORE Used $inglyer %WBW@@BP“ 0594/919
ﬁru? P&?’gﬁw o?)‘]lbaZ' 1@*3‘{3 %gnlf%/?éj may be suitably determined in

afboldaflbe ARG STArtind RIS AR W BBy Wfich are used.

U%[]QII}\,"éR(é(r‘nount of the catalyst to be used is preferably 0.0001 mole or

more per mole of the alcohol or phenol, and it is preferably 0.2 mole or less
per mole of the alcohol or phenol, |

in the present invention, for the purpose of inhibiting the
- polymerization of the methacrylic acid ester, it is preferable to carry out the
ester-exchange reaction in a state where a polymerization inhibitor is added
into a reactor. In addition, since methyl methacrylate is also present in the
distillation column, it is preferable to supply a polymerization inhibitor to the
whole distillation column for the purpose of inhibiting the polymerization, as in

the reactor. Specifically, a polymerization inhibitor may be dissolved in
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4- hydr oxy- 2, 2, 6, 6-t et ranet hyl pi peri di ne- N-oxyl, 4-
benzoyl oxy- 2, 2, 6, 6-t etranet hyl pi peri di ne- N-oxyl,
4-acetyl am no- 2, 2, 6, 6- tetranethyl pi peridi ne- N oxyl
and N-oxyl compounds represented by the follow ng
formula (2). The polynerization inhibitors may be used

it ey sl e R o o
ei%ms; Sgen (o di‘é@a%rig&@ﬁliﬁfi”; f’a‘ydﬁgzﬁe& omand.
ang %&eﬁ%&ﬁ%@f@@ﬁhﬁg&t&rﬁ%&@éﬁErf’mﬁéése@tﬁr‘%ﬁ%mgéw%t
pfliar s BhG A or iy fa %Lgéﬁ?sgBéﬁé“ESﬁaﬁqsoalg_
POy MRERBI B RSB0 BB Rei] ol [ RHBIRRES e
pAtrier23lish intbitdhiditis PRBAG Ui TR ad¥iydidBfirloRd
a.ga F?l’ﬁ?ﬂﬁxggﬁeﬁélt &niﬁéﬂ@oms&%&soéuap%yphenotﬂrazﬁﬁbe r\k-'ghenyn-
n e acto n

esent I nvention, are of a reactl

NeizBpF S HyRi RS arvinel) NeNUiSA-nb bRy RB-gHeny IBheldfami

cha?éggwﬁtr1nﬁthyl nethacrylatezban.apggﬁt? or arnlne
amnd) dNphenyl-N 1 3-diddetaylButyl)ReplenyleAddiafiinédHdNLegy! and

the mxture is heated up to a reaction tenperature to
carapoyndsisucinas dtierdrexyc22)6,6-tetrantetlyipipbridine-Noxyl; 439

by- product nethanol as an azeotropic m xture fromthe
berzayioxyn2,2,6,6-tetramethylpiperidine-N-oxyl, 4-acetylamino-2,2,6,6-
tetramethylpiperidine-N-oxyl and N-oxyl compounds represented by the
following formula (2). The polymerization inhibitors may be used singly or in

combination of two or more of them.

RH RQ
I .
O(CH-CHO),,R

o (2)

wherein both R and R' represent a hydrogen atom, or either of R'" or R'2
represents a hydrogen atom and the other represents a methyl group; R",
R' R' and R'® independently represents a linear or branched alkyl group;
R" represents a hydrogen atom or a (meth)acryloyl group; and n is an

integer of 1 to 18.
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10 system under reflux conditions. At this tinme, the
renmoval of the azeotropic m xture of nethanol and
nmet hyl net hacryl ate (methanol / met hyl net hacryl ate
azeotropic mxture) fromthe reaction systemis
performed by distilling a portion of the condensed
liquid after a vapor evaporated fromthe inside of

th b _

0 NeAEb A, S it bl B
_ : . o ] ol

pglgrt i cﬁf@? Pst [ m.gttﬂggfwgﬁaﬂgggglags t@er e%ht?ﬁé'fbg aes ET ay

b&3alsprbsPite tHb (AR dr into RIS WRHI A cAuRn bEbirDiBBIIAS into
hel | packs, MMahons or cascade mni-rings,” and

tHe' reactiom Sokfiby BR theskikd) as an O der shaw col utm and a
lift-tray. 20 In view of a separation ability, the

nunb thef prebentriavertidn, atragéetdr of atréactioh apparbis éjuipped
colum is preferably five stages or nore, nore

with &f distilldtipntcoiums isgearged withy methyb mathacrylate, drbalcohol or a
pressure difference is suppressed to a |ow level, the
phemdica cafalyst@ndet palgimesizatirs inbibitonecank e mixduieds heated up

colum is preferably fifty stages or |ess, nore
tooa eeagtion| templerature ot cagesoutran ester-ezehange reaction while
est er-exchange reaction is carried out at nornal .
remeyag by-prodidet methappkas; an azeetrepic gpixiue figm theseaaction
pressure. Specifically, a pressure of 1 00 to .
syRiomoNdes rebinpendifons ACtiTehe Bmavahstiaasedtropic
(tenperatyre in the reactor be ,sui t abl
i 6 Retiehpl ond athd TiaBatlBte iRy Byt methacrylate
. . ‘ ol 0
S G MRl TR Ig SRR Syt BRI 6y Bleaff o
pbﬂi\ﬁﬁf&f'tﬁ@ cofilélfsdd Bféra V)Qbarhe\}azﬂrsfe@i%:ﬁﬁhé‘liﬁde of

product 1n the reaction, 1S renoved azeotropl ca

tHeogaichr 'godstthrotighibié distiRafigit Eallfireand® ddfdensed in a

met hacrylate is used in an excess anount relative to
comdersecohol or the phenol as described above. After

the reactor has been charged with the starting

mat efheldistillatien sobumur © be usedirethegresent ingemtiarisi rot
particularly limited, and examples thereof include a packed column which is
packed with a fil.ler such as helipacks, McMahons or cascade mini-rings, and
tray-type columns such as an Oldershaw column and a lift-tray.

In view of a separation ability, the number of theoretical stages of the
distillation column is preferably five stages or more, more preferably ten
stages or more. Moreover, in that a pressure difference is suppressed to a
low level, the number of theoretical stages of the distillation column is
preferably fifty stages or less, more preferably thirty stages or less.

The ester-exchange reaction is carried out at normal pressure,

reduced pressure or slightly increased pressure. Specifically, a pressure of
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10 tenperature so as to be in a reflux state. At this
time, since nethyl nethacrylate is excessively used,
nmet hyl nethacrylate is mainly distributed in the
distillation colum at an early stage of the reaction.
When nethanol is formed together with a nethacrylic
acid ester as the ester-exchange reaction proceeds,

oR4 erapRotropi cally boils together with
met hyl 15 nmet hacryl ate and ascends through the
di st Th@reatdtioﬁ%#@‘ératﬁhﬁﬁtéﬁﬁ@ﬁd&% iA thé ?éﬁtﬁb@%’éfb@fsuitably
nmet hanol / net hyl nethacryl ate at normal pressure Is
dst@minedgbutia the ease epcarryingOsiHd reBcii
met hanol / net hyl net hacrylrygt g@gf 91/ 9 té@n ab\g?rgr?]atl.pre se%re, a
tempecatopmef 10@to #5010 usuAY PRsFeraplgige in the
distillation colum is nmade to be the azeotropic
conpdsithe preseint iitemtion) ine¢ metharbl fwhithds forpied 896 by-

this is renoved fromthe reaction system the

RIpductiin dae reaction; issemowet\dzeotropisally togletheramittomethy
suppressed to a low | evel. Moreover, there is a risk
reefhaciyiate: meard methacrylate isusashinaraexaedss ampantrslgtive to

in the deviation fromthe azeotropic

tage resul t .
tBe Abel Potne PhRAIoL AS describeshaboxe. Altenibeireactsr hasibeen
PR T8 S b R o ek aion
té’ﬁ&é%?%n% If”%i légi’lsﬁfg 8 %ﬁ'ld’? gpa&?lz&?{@?%h{i%@r Leze'gétiﬁ'g b (t hel
RBEFIAET eR R ol L BetriatiyBR & Raibl iehbpted in
00 cieBl i ClurlY dRarPoary b BE Higtalclion, ifieiRismanatis
forseblogethet with 8 nidtRaé@lid ackl ddterlds fHe @Q%if%ef?ﬁtﬁer@eav@a&ion

5 to 95% particularly preferably 4 to 9 ~The _
precgesisabypeodiict tniethappleazsetiopiiaiy Boil$ tddethsh with [rlethjion
colum is preferably from63 to 65C in terns of the
methaeryate aadasceodsithiropgle ssaidistillafion cdlamme THeluAdtopic

tengrerature close to the azeotropic tenperature of
teraperatiye efiiaethanalimettb methagylateatmomal pressureds 84eC,

aﬁ& the léizggfrégl)}g composition is methanol/methyl methacrylate of 91/9 by
weight. When the compdsition at the uppermost stage in the distillation
column is made to be the azeotropic composition of methanol/methyl
methacrylate and this is removed from the reaction system, the distilled
amount of methyl methacrylate can be suppressed to a low level. Moreover,

there is a risk that the temperature control only at the uppermost stage may

-result in the deviation from the azeotropic composition. Therefore, from the

viewpoint of more stable operation, it is preferable to control the
temperatures of the middle stage and the lowest stage in the distillation'

column.
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10 tenperature of the uppernost stage in the
distillation colum within the above range, an
azeotropi c m xture having a high nmethano
concentration is renoved fromthe reaction system
and hence, the distilled anmount of nethyl

nmet hacryl ate can be suppressed to a low level. As a

r esullf thd prosehfienfitm 4Rk t%gf:?&fufead’f tﬁS{tﬁébpggvstﬁ;age (the

met hacrylate (mxing ratio relative to

tidoretieal st4 @ﬂﬁﬁ@'cbsé%tﬁ@[)é%&gcgum@?:ﬁ\ (HGSHIRBh cblymn

the productivity can be npr ov e tenperature o

i$ MadeiwieHin ti5d AtRyd of 63 688 inl tbAhs 6ﬂtt@de¥ﬁ§éﬁgﬁjr€%‘t’ flormal

within the range of 68 to 90C in terns o _
pressues avhileethatconvergibn Bf #RSalEshol oiihé BhEAS! i§ Witk ﬁ1fe°r%nge

of the alcohol or the phenol is within the range o

oL 10 to 802 preferalply &ftergBsh ypartitwlalp preferdbly a4b@70%. The
preferably 4 to 97% The tenperature of the mddle

tamperatune aftibe dippermostistage irotherdistillation ebiimaipisypréféiably
higher in terns of the tenperature at nornal
from:63 o 65°Ginitermsmfdhe tarperadare atmdrmakpressord.eThe of
the tenperature at normal pressure. \Wen the
teraperatureds @ temperaturercioge do theagzeotropia terapenatureanfi on
ni:egl u is tog Low, nethanol may reach the 25 | onest
methanoland methy! methactylals atoemial psessure: Byrmalgngitbe
i nside of .the reactor, . so, that the concentratjon of
SRR 9f N HEBREGHstadeint Ba AN CRLIuD pithbien e
er-exchange reaction is.inhibited .
aPRPGESRI®, A A2bon BRI S e 1Mt 2 i mefhari cBncratfon i
’ t 'y di, skl laki S
"By e fRivAnglrBeGor sytém! apl Hengh, 68 ST hmbn fnethy

nibitisadrllatd can b@‘%ld;bﬁfbss‘eﬁrlgg loW 1dG¥il ‘%seafrég.ﬁﬂ, t(t)l?@ gharge

azeotropic conposition an there 1s a ri

amotne ofsthegravmethyd Mdthachy Rit® thixied ratitréltive to the raw

methacrylate. It is to be noted that the m ddl e stage
alcohoher phertal) ¢art be nedudediandeansequérilys thegpradubtivity can be
_theoretical stage in the case of the packed col um) at
iraprowedi ti on of hal f (which is obtained by rounding up
fractri ons bel ow deci mal = point) of the total stages as
count’B8 tempgratyee oliher e staggdn thendistillation column is made

within the range of 68 to 90°C in terms of the temperature at normal pressure,
while the conversion of the alcohol or the phen6| is within the range of 10 to
90%, preferably 5 to 95%, particularly preferably 4 to 97%. The temperature
of the middle stage in the distillation column is preferably 70°C or higher in
terms of the temperature at normal pressure, and is preferably 80°C or lower
in terms of the temperature at normal pressure. When the .temperature of the
middle stage in the distillation column is too low, methanol may reach the
lowest stage in the distillation column and return to the inside of the reactor,

so that the concentration of methanol in the reactor increases and thereby
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10 theoretical stage in the case of the packed
columm). The tenperature of the | owest stage (the
theoretical stage in the case of the packed col um)
in the distillation colum is made within the range of
90 to 100C in ternms of the tenperature at nornal
pressure, while the conversion of the al cohol or the

. L 10. O, . |
St ottt b
o, e s s 61 Bl s
IR WhecatpOSNOR ot e anrhosPtdgRihie ¥jintion calumn
tends to1devitte fomithe wéﬁﬁopié%ﬁapdslﬂﬂwgr?d ﬁe{}%rﬁ‘?g a risk of

met hanol is reduced, and the return thanol 1 nto
intreasingcthe distiledzmdcliht f methylatlethBerAdte! Vi ng out the

est er - exchange reaction w th naintaining the

t enpelt it torbesnotedtthat thieshiddleastags i tHeidmtiNatidh EoluMA means
above ranges by controlling the reflux ratio, while

the stagen(he theasetical stagecinithe icase of thenpadietbediominh ut a

met hacryl ate fromthe reaction system it is possible
Rasitignefhalfl (whichhispehitained bygoendingi umirastianscbelowidecimal

W, t L nimzing the loss of nethyl nethacrylate

p@&ﬁge 9 tytaiﬁéagetsrﬂ,s eeunted fioonthet upprrmgst stage (the t he

henal is within the .13 range of 4 to 97% Moreover,
tﬁ%orteﬁgalpﬁigg%m heAsR:9f ke PaRKed eqluin)r educi ng the | oss

appar RS of P Bives! labelline Bebftical st case
of N pASRRT EILITRY il BRSO ARBYSiph A e \iIn 488 Haifge of

tenperatures have Treac

QOBONITCC O toes aﬁm@ttéﬁpe%tmé(évﬁ%égf%rlggédg?g%g%ﬁ{%'

net hacrylate fromthe reaction s

coheersidresf tharsicoHdioF e péndlii§ WithirOthe\rah8 o %Rﬁ 3o g

on the kinds and the anmpbunts of the raw al cohol "and v
preferatly &itg 95%,gratticuiarly pkeferdbhe4 o079 cThe fterh?b%tglfe of the

met hanol decreases, and thus nethanol does not ascend
lowest stage in the distillation column is preferably from 99 to 100°C in terms
of the temperature at normal pressure. By making the temperature of the
lowest stage in the distillation column within the above range, the content of
methanol is reduced, and the return of methanol inito the reactor can be
prevented.

By carrying out the ester-exchange reaction with maintaining the
temperatures in the distillation column within the above ranges by controlling
the reflux ratio, while removing the azeotropic mixture of methanol/methyl
methacrylate from the reaction system, it is possible to operate the apparatus
efficiently and stably with minimizihg the loss of methyl methacrylate

especially when the conversion of the alcohol or the phenol is within the
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10 fromthe reactor to the distillation colum when
the conversion of the alcohol or the phenol exceeds
97% Therefore, the tenperature begins to rise from
the | owest stage in the distillation colum. In the
present invention, for termnating the reaction after
the conversion of the al cohol or the phenol has

r 608% 979% it is preferable to 15 renove
-product nethanol as the azeotropic nmixture with

et hyiorgBi&a ﬁeﬁé@gﬁ?ﬁﬁ}zﬁ\ﬁ:&f frﬁgibm r%&ﬁéirﬁg{the loss of

conpletely, wh ux 1'0 SO

mMdlay| rethaBRA4ta! F*fﬂﬁﬁgﬁbﬁﬁsgﬁﬂ?gﬁgs ’dpg{éjtaa in a total

distillation colunn

réfROPSERS Witk Sheferhpératired réacH Meatve r"agge%],io%i‘ﬁgtafte? trpe

in the distillation colum nmay be 99C rin

tempemturestHave28atisadP tieranges, the removal oﬂ%é%‘z@bﬁopiﬁﬁnixture
the nmethod of renoving the nmethanol present in the

ofimethanalimethylanetivacnflaterfrar ¢he asetionsysieih fstarted.
conpletely, there nay be nentioned, for exanple, a

met h&nh tife atber barsd, thoughe theesituationataries dgperding oh theckinds
increasing the distilling ratio, or a nmethod of
and the ampuats of the rawoalceinel @mdi the watalysty and the like, tthe ough
t he condenser and the reflux |line out of 25 the
pProductipg fatsyefiraethanehdedieasgs, andsbug meathamolsloes not ascend
i . ! | : 0,
oBhle 37 i Rl S s oo o oo
th I i ni i n.the_reagtion syste e.qg., |
of e g eRERedR 90 Jhersione. thetappiRtvce begins Yo e fiom
: turn of the renminin
HRORNBSERB8 I g BRUPART R, Lol iim to the fnaide
ft e ; ' i ion
gnd Pﬁg{ 5 sﬁggte'ggéﬁﬁoiﬁﬁ%ﬁ@ﬁa?ﬂé t@% Lrj%?t rieauf{rﬁe? ?@é\ct ion

corivérBionsdfahé altehBPéctePhetoliRas Bxcaéd Loy R4E prdfbrable to
conversion. EXAMPLES Hereinafter, the present ‘

remoesby-produdtimdthanolnay thieed2eottepizy mbesreWwith methyl

niethacrylate from the reaction system completely, while controlling the reflux

ratio so that a temperature of the uppermost stage in the distillation column

may be 95°C or higher, and temperatures of the middle stage and the lowest

stage in the distillation column may be 99°C or higher in terms of the

temperatures at normal pressure. As the method of removing the methanol

present in the distillation column from the reaction system completely, there

may be mentioned, for example, a method of decreasing the reflux ratio

gradually and increasing the distilling ratio, or a method of removing all the -

condensed liquid circulating through the condenser and the reflux line out of

the reaction system from the upper stage in the distillation column by setting

the reflux ratio to 0, i.e., by distilling all.
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10 reference to the foll ow ng exanples, but the
present invention is not limted to these exanples.
In the exanpl es and conparative exanpl es, anal yses
were carried out by gas chromatography. The yield and
t he conversion were calculated as follows: 15 Yield
(%9 = A/ Bx100 Conversion (B-C)/Bx100 wherein A

repr ent le n obt ai.ned end product, B
Jies amilels oy %‘?m%m&rremammm BoRcian aystem,
resents e nunber of

&@Pe@&ﬂhaﬁsn sokisin phe i he RBCida AL ne above methods

%ﬁﬁ%ﬁ%ﬂﬁé{%@r h@é‘?&e{aﬁﬁgw %Héﬁm il cojumn

4 FRE st i Kol o 1544 Bafn B tpeBeefief and the

sUEBeagH shirf ot b LRhu B FeelfibA 1) i PRI gl i to
tﬁéggm\gerﬂthgcb Asigh.reaction apparatus, there was

[Tter our-neck flask (reactor) equi pped
with a 20 stages A dershaw distillation colum. This
apparatus was set up so that a vapor which ascended to
EXMELES | | ation colum by heat was cooled in the
condenser and returned to the uppernost 5 stage in the

di st iHdrelnafter, thé presdnit irvegtion will b@fdoh&rétélvfdesEhbéd wnth
the reactor was charged with 1051.3 g (10.5 nol)

refecénde tortbe fialtowihg examplss, buythedpresent invertidraisrnot Iumlted to
al cohol and 0.04 g of 4-acetyl am no-

these exagaples amet hyl pi peri di ne-N-oxyl, and the nixture
was ﬁhen heat ed to . conduct dehydrat| on in the .
r eact® §if S¥aPRles Ang companiative syamplas analysas wera sarried

t re qu The the reactor was cool ed and charged
oif bfogs Soraioatinly.

The yleld and the conversion were calculated as follows: -
Yield (%) = A/Bx100
Conversion (%) = (B-C)/Bx100
wherein A represents a mole number of an obtained end product, B
represents a charge mole number of an alcohol or a phenol, and C
represents a mole number of the unreacted alcohol or phenol.

Moreover, a composition of an azeotropic mixture of methanol/methyl
methacrylate and a composition of a reaction solution were calculated as
follows:

Conteht of a target compound (%) = D/Ex100 ;

wherein D represents a weight of the target compound, and E represents the

-total weight of all the compounds.

<Examp|e 1>
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nol) of tetramethyl titanate (purity: 70%, and
heati ng was begun again. While continuously supplying
a solution having a concentration of 1000 ppm
obt ai ned by di ssol ving

4-acetyl am no-2, 2, 6, 6-tetranet hyl pi peri di ne-N-oxyl in
met hyl nethacrylate at 2 ml/hr fromthe uppernost

st agead 8 réa&ioh Sipdraftis! Herd WesQisdda ?E@?r"fﬂu—ﬁe%ﬂask

introducing air I'nto the reaction so on a

(Fdelctor) eqipped SHitrea 20°tHG890Iddt 5w ?ﬁ‘stl‘tﬂﬁgorféélbhﬁg G

at nor nal pressure wt h™ mai nt ai ni ng enperature

| aipEatétas WeRGie? Upao thal atvapb? WhichiddendetiG tﬁ@&&?iil%fbn
t he and

reaction solution in the reactor was sanple
columrs byhleas wasodoRstRintke %onaéngél’sarﬁ‘f%ﬁbetg% gﬁg‘Mpb&most

determ ne the conversion with tine. 20 At

steg inrthe glistillatibve colemai t'hbﬁugﬁﬂfe @fiekdiheon was conduct ed
under the total reflux, and the renoval of an

az eoftfrinsithe meadtor wasichargéthwith 1061 [8/¢ (1016trhaly bF ntisyl

fromthe reaction systemwas started at the tine when
methacryla@552. 219:(3d maikeofuppryt atcshokarsd©.04rg dfé-acetylamino-

distillation colum reached 64C, the tenperature of
2;4,@.6nfelr@metbylpiperidinecN-exyd artektheanixturawassthen heated to

| onest 25 stage 100C (the conversion of 4%at this
cpndist defygdration; ia the reagtionsystera oveeapiesindaf Adhaur wier the

,eacti on %/\ﬁas ca{ried out while controlling the 16

tqtereliRy aheD, e reatiarinas ijed ndshageshwita 9. 30 (6 0035
e O Rl ARG Ko 0%, S heao s beafi aoaifur e
VRYie RPLEEST SUpRfnd'a sbflgioft saing A Bnl Regar ) dom

obtaiiad by di&%@i\m& Acetylhffhd-2 @Cé,bilgtr?@gﬁwmgfé@&@{e%oxyl in

reached 97% and the tenperatufe o age
iskisyl dhethiabhydte @l 2 MZhLFOM tAs figpenR8st stags irpeHe @stilldtiof
reflux ratio was gradually lowered to .1 and the
colampeand while introduting aipéntotle reacton sohatidrhat 20 Ailhdn, the
stage-in the distillation colum were raised up-to
estecexgangr:reactian svatecarriod ootrpt Borhal pressure wifty mairitaiaing
reacti on system
the temperature in the reactor at 111 to 129°C. During the reaction, the
reaction_‘ solution in the reactor was sampled and the samples were analyzed
by gas chromatography to determine the conversion with time.

At the beginning of the reaction, the operation was conducted under
the total reflux, and the removal of an azeotropic mixture of methanol/methyl
methacrylate from the reaction system was started at the time when the
temperature of the uppermost stage in the distillation column reached 64°C,
the temperature of the middle stage 71°C, and the temperature of the lowest

stage 100°C (the conversion of 4% at this time). Thereafter, until the

- conversion reached 97%, the reaction was carried out while controlling the

16



10

15

20

25

met hanol contained in the liquid refluxed fromthe
uppernost stage in the distillation colum to the
uppernost stage in the distillation colunm again

t hrough the condenser and the reflux line, the refl ux
ratio was set to zero, and thereby all the liquid in
the reflux line was distilled off until the 15

AR e BTG 0 Y B LSS
tﬁ@@pbéﬂﬁbét%ad@ d’&ﬂ%ﬁl@ﬂ n at 8845 '6@2? ﬁ%‘iei‘i‘ﬁﬁéré’ture

hours. Durlngt e tenperature

of e Frii@gie s?é?@ﬁt 70‘ té BG°GJ“ aid iﬂﬂbgﬁérﬁtﬁl'é‘ BPth&dwest stage at

mai nt ai ned C or higher, he tenperatures
g9t 100%d. e stage and the | owest stage in the 20
distillation colum were nmaintai ned at 99C or higher.

The aAftar'8 holirstfrsm a6 begippirg of theweactitn, the conversuon
met hanol / net hyl nethacryl ate renmpved was 2 g, and

reachexb®7 %nandthentehipenalurevas tHe2mitidle 6l iR tﬁé dﬁymﬂaﬁcﬁrﬁ
content of nethyl nethacrylate was 47.5% (102.2 g).

cahumn tasstessdf Cof Théreafter he reftux mtiotwasgraaually wered to
the reactor was 25 anal yzed by gas chromat ography, it
O:bandithe temperatyrestof tire bppemmeaststage and the Middiawstdge in the
Iaur al cohol and 59. 0% of Iauryl nmet hacryl ate, and
%@%'%WG&GZTQSNLW to 98%Gnpi e 2> The sane

t a sed in Exanple 1 was used.
L.ef‘it e, i Beslee 1o, completelydemavewirom thegeackion sl

ngtgglsélréﬁé]t%igﬁge in ﬂ?ﬁjlr%: g 5ezflta(egf(3frq[n Qhé uppermogt stage in the
A B S I BB
tﬁrB@gﬁQﬁéEbﬁﬂeﬁé_lézta?ﬂ‘ tﬂﬁ%ﬂ@( 5, 1tRd réfiu (ﬁ%ﬁ” ng&Qﬁ g

total refl e reactdr was co arged

andtherbby alithe (iQuiRiih tABIrfIH lineWad ERtINEY off drith iﬂ&
(purity: 70%, and heating was begun 10 agai n. And

temperatdireasf, the luppeshest-stagd it distiRitioPrcol@fin Wy $taBly
moal::\talmrladt 2t697°C or higher. Thus, the reaction was terminated. The
reaction time was 4 hours. During this time, the temperature of the
uppermost stage in the distillation column was maintained at 95°C or higher,
and the temperatures of the middle stage and the lowest stage in the
dlstlllatlon column were maintained at 99°C or higher.

The amount of the azeotropic mixture of methanol/methy!
methacrylate removed was 215.2 g, and the content of methanol was 52.2%
(112.3 g) and the content of methyl methacrylate was 47.5% (102.2 g).

When 1485.8 g of the resulting reaction solution in the reactor was
analyzed by gas chromatography, it contained 40.1% of methyl methacrylate,

0.13% of lauryl alcohol and 59.0% of lauryl méthacrylate, and the yield was
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same manner as in Exanple 1. At the beginning of the
reaction, the operation was conducted under the total
reflux, and the renoval of an azeotropic m xture of
nmet hanol / met hyl methacrylate fromthe reaction system
was started at the tine when the 15 tenperature of the
uppernost stage in the distillation colum reached
BM4%C, the tenperature of the mddle. stage 74C, and
the tenperature of the | owest stage 98.8C (the
<tavpleizon of 4% at this tinme). Thereafter, until the
conversion reached 97% the reaction was carried out
whi | EtEsamelrbactibri Asparafls asused irPExirhBlet Was Usagde
of 5to 50, so as to maintain the tenperature o 0
t he (firstrthegeactongasioharged ditht750.9gi (75 Mel)Winéthyf4
to 65C, the tenperature of the m ddle stage at 75 to
ngBtacrytate 626.8an(2:5 ataly of stbahyhaldoboband eloupeg df 4- 99 to
100C. After 4 hours fromthe beginning of the
aceytamion; 2,266 detnamethyipiperidine IN-axpIS tnd e Miture was then
tenperature of the mddle stage in the distillation ‘
hestechiosandust delydratian ither reattion systemoovirra period of 1 hour
tely renove, fromthe reaction system methanol

U@ﬁ%? %!%HQ lirgflwn eTherythe reastprwes cooled amd chaiged with 1.23 g
' he distillati I h
(RS PRAEbr B ket P oo gbogur
abgi i reE et B2 Shter Biohanas aptian was ariog euiiin the
séﬁ‘n% rﬁSlf'lhé’lxaé W@x%ﬁle%su [led off until the
f the" Upp

enperature O Uppernost stage in the distillation

Che TR BoqnRlr oGR8 U Bhertitntad bileted Dher
the totdieeflax, dAd theGeirioival bi &% _aﬁé&?oﬁiﬁ mg@éﬁ#& \ﬁ't,aegif\aﬂaﬁnethyl

uppernost stage in the distillati'on c
methaurglate fiont theT6aotiom sgétem wassthridiPat tﬁéﬂﬁﬁ@%@ﬁ%h@f
e

the m ddl e stage and the | owest stage in t
temparaturataf dhe cppermostestagenin theadistithtion @MGmATeati®64.5°C,

10 The amount of the azeotropic m xture of
thedempesaiure ohihe middle stage 74°C, and the temperature of the lowest
stage 98.8°C (the conversion of 4% at this time). Thereafter, until the
conversion reached 97%, the reaction was carried out while controlling the
reflux ratio within the range of 5 to 50, so as to maintain the temperature of
the uppermost stage in the distillation column at 64 to 65°C, the temperature
of the middle stage at 70 to 80°C, and the temperature of the lowest étage at
99 to 100°C.

| After 4 hours from the beginning of the reaction, the conversion

reached 98% and the temperature of the middle stage in the distillation
column rose to 93°C. Thereafter, in order to completely remove, from the

reaction system, methanol contained in the liquid refluxed from the
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nmet hacryl ate renoved was 124.5 g, and the content of
nmet hanol was 62.8% (78.2 g) and the content of nethyl
nmet hacryl ate was 37.2% (46.3 g). Wen 1297.7 g of the
resulting reaction solution in the reactor was

anal yzed by gas chromat ography, it contained 35.0% of
nmet hyl nethacrylate, 15 O@bof stearyl aIcohoI and

GleHubt S BHE H tha NGRS ORI 15 e iker tﬁ@ssdaéhe
d%?ﬂﬁ%’@?’“ﬁﬁk%@%‘“ gt iné Babdghss A nneﬁ%’?ﬂ? S ggflux

rdfd Wl st o 4880 gnfls %&SPG%H@R%M@PA@?%@ Bl MR tined
fhh"é'“'? tiefeifbreflrd B v ubbribsk Sagelth 1RE Histiigod SolbbPRves
?‘*é’%@‘?é’?ﬁﬁ%‘aﬂ Ll drtigfid Eﬁ*#é‘henf‘%%ﬁf‘°ﬁ%'¢*rmﬁ5§ed The
réé&tiémirﬁél A t 8 gf'@%? tﬁ?tﬁg‘?mfé“i’hé GaYakdre dt'th

met hanol on co decreaseg and

uppermestatage i !h%fdué’tfllaﬁﬁh %bludﬁWé@%dthélﬁed at 95"0’ oF V\I%ner

I ncreased, so that the conposition of methanol /et

anditha tsrperature’s dfluee riddieTstégand thelwest stageriAlthé he
proper azeotropic conposition (91:9), the tenperature

deslhllatldrrecduhmmelteomafmanadratI99°®e1tduigh&8c and thus a
stabl e operation could not be conducted. After 4.5

hour Jheramountsofiibg azadtigpiomirtuse 10f aethamol/methy|
conversion 5 reached 97% and the tenperature of the

methrgnylate rereoyed was 124s? o) and thmeonten ﬂmaﬁf@ngmas 62.8%
AR tﬁetéygpetﬁntﬁghéﬁﬂﬁg% ﬁ?&?ﬁé&ae%"%v 7 dé;lé“:ga
t
ol e 12RE 7 0 R RDEsITRG ;85 AR sl tqiT e the rape @ was
af\QIkEQH Pﬁ%@fe@{rghgi’%aﬂy 8%%??%@{36{"6‘9 Hﬁe{thJa'nléﬁwacwlate,

0%?21’ iﬁ@&rﬁ lalcohBPahd BYighs Iof stddffylRbtHatnIAREaM@ the yield was
99.3%.
<Comparative Example 1>

The ester-exchange reaction was carried out in the same manner as
in Example 1 excépt that the reflux ratio was controlled within the range of 2
to.10, so as to maintain only the temperature of the uppermost stage in the
distillation column at 63 to 68°C, without controlling the temperatures of the
middle stage and the lowest stage in the distillation column. As a result, the
temperature of the middle stage in the distillation column became 70 to

100°C, and the concentration of methanol in the distillation column

'decreased and the concentration of methyl methacrylate relatively increased,

so that the composition of methanol/methyl methacrylate at the column top
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off until the tenperature of the uppernost stage in
the distillation colum was stably maintained at 98C
or higher. Thus, the reaction was term nated. The
reaction tinme was 5 hours. The anobunt of the
azeotropic m xture of methanol/methyl 15 nethacryl ate
renoved was 316.8 g, and the content of nethanol was

Ao o GBSl 9 Wl e
the88IuRIn tﬁgg uae'r;i'gﬁ/ 'g%%%bﬂeaé@’d‘%dqaﬁgm Eﬁigl?lhe'bpgggtgonoqould

Conpar at | as corpare

nBkB&RbAddctedhen 1380.8 g of the resulting reaction
solution in the reactor was 20 anal yzed by gas

chr opfieP drRBNrs frémang bégw;ld”g{ t%oé’r@%cﬁm '?%é oggyersion

nmet hacryl ate, 0.2% of | coho

réauiney meahGQhké'tGMPera’tUﬁb dhpehiidie &@ﬁe i the>dfstillation

<Conparative Exanple 2> The ester-exchange reaction

colamrcwas 946C 0 Tthereaftdreirsonder 1G60mpledsly réfov, from the
Conpar ative Exanple | except that the controlled range

regictiheystent, imethanbbcomtained iartge tiquidtrefidied fohQAe As a
result, the tenperature of the uppernost 20 stage in
uppermpst stageaini the distlllation wakinmmtorthe uppbramoststage if Be
but the tenperature of the m ddle stage in the
digtilation calumn again through dhe: cendenses @ad themeflwtiine, the reflux
renovi ng rate of nethanol |owered. After 6 hours from

raliosVaR §7tRiZag0 oAnd Herply allth liauid én thenfeliuxtineevast dislled
o W o Bt difo phine: Grerost %%béﬁ&pifb&%w?siléﬁamas
p . in the :
S8 SRS LB T TR el Ak e il fhe
Nﬁ@FHﬁﬂnkﬁwéQStﬁﬂﬁg?r”DSt stage in the distillation

colum agal n through the condenser and the refl ux

| i neThé edueitlofthd asé&rolis nidiurd Bf ﬁ%&r?ano?@?ethﬂef eby
all the liquid in the 10 reflux ['ine was distilled off
methzchylatesrentoves) wasiB46E g died tHEPESHTBART of Thé®anblwhd 85.1%
(111.2 g) and the content of methyl methacrylate was 64.7% (205.0 g). Thus,
a greater loss of methyl methacrylate was observed in Comparative Example
1 as compared with the case of Example 1.
When 1380.8 g of the resulting reaction solution in the reactor was

analyzed by gas chromatography, it contained 36.2% of methyl methacrylate,

0.2% of laury! alcohol and 62.9% of lauryl methacrylate, and the yield was

97.5%.

. <Comparative Example 2>

The ester-exchange reaction was carried out in the same manner as
in Comparative Example 1 except that the controlled range of the reflux ratio

was changed into 10 to 100. As a result, the temperature of the uppermost
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distillation colum was stably nai ntained at 98C or
hi gher. Thus, the reaction was term nated. The
reaction tinme was 6.5 hours. The anount of the
azeotropic m xture of methanol/nmethyl nethacryl ate
renoved was 212.4 g, and the content of nethanol was
52.5% 15 (111.5 g) and the content of nethyl

stEid othe| didtalies céW%g%&n@inc—a@f@%ﬁéﬁo%@n%et he

resulting reaction solutron Intl ( %o
M e L A Gy L
a‘ﬁd%e'rémwin_g'ﬁlé‘éf:ﬁﬂé:tﬁéd;ﬂ ld}ﬁtgefihe yield was = 98.5% 20

I'n Conparative Exanple . oss of nethyl
! v e bl g o

were equal to those in

the middiestagni therdistidatibe @8RImn Re¥d fohgdeg W@g%{eg @Qrder

and thus the productivity was inferior. <

t@BofMpletelytremowscfronuibiereactiornSystem, Atthamsl Ortaihdd ilthe
sane manner as in Exanple 1 except that the reflux

ligaidi refluxed fromt thel uppérmoshstage v tHeadigtilatfonbeol dhntte thé
and the reaction was termnated with maintaining the
Uppermgstistageinithestistillation colurars again thedughtheadordensert Sed
time when the conversion reached 97% w thout
the eaflux linggtha refluxsatio wes set to zere, anditieerabyrall thé liguiel in the
rmost stage in the distillation colum did not
qu#FLEgglqeowgsl d@tuﬂgd effintit thentemnesatuge of thenupperm®st stage in the
inated with c ing.the heating of the reactor
it st ecitimPhrs SRR MRiNanedl 9820 arinianan ik e
SHUbR - t h zeptropi-c.mxture of
revet EQ%"@"‘%&@@#“@RJ&?@% @’“?é’fﬁ/@g hRds 57, 7dgi hand
t he t f . a e
contgﬁ? 0 ‘#ﬁfﬁgﬁé%%?ﬁ%%?@?@?@"%&%"%%&%&ﬁ@@%?ypg): 10
meligorjialPremevet whb 21226y aidthd ESREHOSF MelHaoPlab2.5%
e reactor was
(111.5 g) and the content of methyl methacrylate was 46.5% (98.8 g).

When 1483 .4 g of the resuiting reaction solution in the reactor was
analyzed by gas chromatography, it contained 40.4% of methyl methacrylate,
0.13% of lauryl alcohol and 59.1% of lauryl methacrylate, and the yield was
98.5%. | |

In Comparative Example 2, the loss of methyl methacrylate and the
yield of lauryl methacrylate were equal to those in Example 1, but the
reaction time was considerably longer than that in Example 1 and thus the-
productivity was inferior.
<Example 3>

The ester-exchange reaction was carried out in the same manner as

in Example 1 except that the reflux ratio was controlled within the range of 5
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anal yzed by gas chromat ography, it contained 41. 7% of
nmet hyl nethacrylate, 1.4% of |auryl al cohol and 55. 9%
of lauryl nethacrylate, and the yield was 96% In
consequence, lauryl alcohol remained as nuch as 3.2%
of the charge anount. 15 In Exanple 3, the |oss of

nmet hyl nethacrylate was small, but the yield slightly
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of producing a nethacry acl

Theneaotion tie was adigrs.ses carrying out an
est er-exchange reaction between nethyl 5 nethacryl ate

and tTre amoahbof the dZeetropietaixtureidf tétABRYIMBthy!
by- product nethanol as an azeotropic mxture with

methagrylate réroved atas f570Tg; andthacontent o mietant! wvas 67.0%
distillation colum under reflux conditions, by the

(18%7 @) andrtbecontent af matbylieethagniiateeras\B2/8% 81.7 g).
di-sti]]lation colum, wherein the reaction is carried
out WNher 18286 @ of theyesuitingaeaction selution in theesneattor wakd
t enper,at ure of th? gl;pgerrmst stage i nothe distillation
apaveRd Bygas P estogabhy It comtainat Evei metiod metacrylate,
o in the distillati I is f 68 to -
13RO o il pteiy fetferlate. anc i vislwes
o/Sty ' | . QC. i f
Y Inccicegllofite 4itind BiebhoffentaihPa B8 et A pcdorthe

clhargecarhib@it, of the al cohol or the phenol is within the
range of 10 to 90% 15
In Example 3, the loss of methyl methacrylate was small, but the yield

slightly lowered as compared with the case of Example 1 and lauryl alcohol
remained in an amount of 3.2%. This is considered to be due to the fact that

methanol cannot be completely removed from the reaction system.

Industrial Applicability
According to the present invention, a methacrylic acid ester can be
produced with a good productivity by controlling the temperature of the

distillation column and controlling the reflux ratio.
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2. A nethod of producing nethacylic acid ester of an
al cohol or a phenol which conprises carrying out an
ester exchange reaction between nethyl nethacryl ate
and the al cohol or the phenol while renoving

by- product nethanol as angzgegopic mxture wth
nmet hyl nethacrylate fron1the reaction systemvia a

1. 30 ALl S BAUUAR LRSI B4 Wce APEh 00 oP b ffro

whiahi @dmbh@és cmrpng wtlan\dseéreexch‘ehge rr@mtml beﬁvetehenethyl
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meﬂam'a& and ke alcohot prtheddianobwhde é@r@ﬁvmg t&taﬁqdygt Ayethanol as
an BebfIPRITTE i Hstn RGN R Fopthe foablitn systen yia @
dlStIllailde:cﬂUmnamﬁertrhﬁthdwﬂllﬁom dyethe usklof adieattioh apparatus
aiched from68 to 90C., and a tenperature
equ'sPeamth @\%égﬁt llatiggcofumPne distil | ation col urm has
r eﬁrﬁ@ﬁgn tﬁé PERABNE c%ﬂ‘%@ dt%ﬁl@%tt@‘llfry‘lﬂetrﬁﬂi% Féﬂd%c?&at the

normal pressure; Ne Teactl on carried
temwmatwecnﬁ tite uppenngostmgeefri the distillatios cohjmm ist finem 63 to 68°C., the

iR A o S S A i s, ana

temﬁﬁgﬁé?ff%ﬂ{%é%gtfﬁe%n% g‘i’é&llelté EBI?H{H is! lFJoCnI\‘V'r?O'TbWGd"’@ in

termsef ithe tgmperataiecataxirmal prassucs, rvgjnbdhelcannersuon ahttveaileohol or

fter.the cqpversion t al cohol or the phenol has
the éffe‘ﬁfﬁ@'?%e rgg;g%pggééq % hanol is conpletely

renoved as an azeotropic mxture with nethyl 23

met hacryl ate fromthe reaction systemwhile
2. cohtmethpdraf producieg methaeylicacicbestenof an@lcohehpea phenel which

com@ieds GariRG RIF 3h A BichBobelfedtbh eefhes Ty Rl rvate

and tH@alb@M@lSdr the pBenbhwhite réthsving byt produstohetianet 8s 38Gzeotropic
gher in terns of the tenperatures at_ normal

mlxt@ﬁ%ew%m methyiethasrylaiedtors the seastioa systam yig a gistilation column
P33 ShaRBALIS B8 (e ARoh SRl Shppepiaiei
distilEtioalsluman, t he phenol has exceeded 97%  by- product

S haien gdqsw‘?ﬁ%”@{@tfﬁ%ey arSOTOpIS mixture of methand! and methyl
methacrylate from the reaction system is started after a temperature of the
uppermost stage in the distillation column has reached from 63 to 68°C., a
temperature of the middle stage in the distillation column has reached from 68 to
90°C., and a temperature of the lowest stage in the distillation column has reached
from 90 to 100°C. in terms of the temperatures at normal pressure; and

the reaction is carried out while controlling the reflux ratio so that the

temperatures in the distillation column may be maintained within the above range,

while the conversion of the alcohol or the phenol is within the range of 10 to 90%.

3. The method of producing a methacrylic acid ester according to claim 1,
wherein, after the conversion of the alcohol or the phenol has exceeded 97%,
by-product methanol is completely removed as an azeotropic mixture with methyl
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10 met hacryl ate fromthe reaction systemwhile
controlling the reflux ratio so that the tenperature
of the uppernost stage in the distillation colum is
95C. or higher, and - tenperatures of the m ddle

metha@grRatéfdnt f teeBsH s?ét@ﬁ?whﬂe "cbﬁtrglillﬁg ithé PafiuXTati6lserRat the
are 99C. or higher in"ternms of the tenperatures at

tempeyatine qfitbe sippermasicstage in ‘é’@cdlstﬂhatlpﬁ columniism 86¥e. orlsgher, and

e R g B0 ABG A BT sppn re s
or hijheplrptereis dfiiRe RérApetatisvitindnal PR ssany anafthe r8a8fiorbis
he nethod of producing a methacrylic acid according

termiratefai m 2, wherein the 20 conversion of the al cohol
or the phenol is within the range of 5-95% 7. The
nmet hod of producing a nethacrylic acid ester according

4 toTheahethdd of phedding bhﬁemﬂmb%icﬁﬁeﬁbrbb@ordi laumz
the phenol is within the range of 4-97% 25

rrewﬁ@amef af&rdba&onge@%@m@rq}wftol@éﬂ@e pbeRol fba:sc@muedgd 97%,
oy a8 oo O T RAEE 4 3R 2o B ghisqg il metry

methmtrhletb ﬁbnpmduacr@w gysteimahile bostrallingl tresitefiuxaati® sdithat the
to clalqrp wherein the reflux ratio is controlled

tempgrafiira of e MARGENRS! stagmin the digtillatiar crium s $7°C. or higher, and
tem@é@%b %gtl?e d@% d &nd edlo%%%tag f?"tﬁé H%tlt ﬁtllc%ﬂ ?%Ig}nn are

erein ere xra o 1S con ["ed "w
99°CQ.ardughudr lﬁiémns @fithe temperatures at normal pressure, and the reaction is

terminated.

5. The method of producing a methacrylic ester according to claim 1, wherein
the conversion of the alcohol or the phenol is within the range of 5-95%.

6. The method of producing a methacrylic acid according to claim 2, wherein the
conversion of the alcohol or the phenol is within the range of 5-95%.

7. The method of producing a methacrylic acid ester according to claim 1,
wherein the conversion of the alcohol or the phenol is within the range of 4-97%.

8. The method of producing a methacrylic acid ester according to claim 2,
wherein the conversion of the alcohol or the phenol is within the range of 4-97%.

9. The method of producing a methacrylic acid ester according to claim 1,
wherein the reflux ratio is controlled within the range of 5-50.

10.  The method or producing a methacrylic acid ester according to claim 2,
wherein the reflux ratio is controlled within the range of 5-50.

24



