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SPECI FI CATI ON 5 METHOD OF PRODUCI NG METHACRYLI C ACI D

ESTER Technical Field The present invention relates to

a met hod of producing a nmethacrylic acid ester

(i nclusive of a phenolic ester). Background Art 10

Heretofore, a nmethacrylic 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 cgpEHMFICAPIONY 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 AdETHAD IOrR PRODYCING METHACRY LG ACIDOESTER

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

relatively easily sepaflethnicélfFididstillati on and waste

water is not generated. As the ester-exchange

r eacThe presentdmarition relates tovatrhgthodef predyding @ methagsylic

shown in the following formula (1) is frequently
aqigsstardinclysiveopha phenplic ggteflc) (D) ROH OR + CH3OH O O

(1) wherein R represents an al kyl group, an aryl

group, an al kenyl group, or an aral kyl group.

However, the ester-exchange reactjon shown by the

above formul a ' Eaaggrounga\rl

Heretofore, a methacrylic acid ester is industrially produced by an
esterification reaction between a methacrylic.acid and an alcohol or a phenol
in the presence of an acid catalyst, or by an ester-exchange reaction
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 aicohol 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

O o (1)
(A) (B) (C) (D)
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(1) is an equilibriumreaction, and hence, it does not
proceed beyond a 5 certain conversion. Wen the
conversion is low, it is necessary to separate all
the ingredients of a raw nethyl nethacrylate (A, a
raw al cohol (B), an end product nethacrylic acid
ester (O, and by-product nethanol (D) after the
reacti on, which nakes the operations conplicated.
Therefore in order to shift the eq U|I|br|umto t he
wharsin Rirepresenisman allyl oreuman £YhrRUP. NIk Gy, or an
s conducted to renove by-product nethanol (D)
ar?@yle PIRIP- Wi t h an azeotropl c solvent fromthe reaction -

o1 OB BRI S ToR ORI B e
R iR R e i ot 4B s

c%fé?ﬁ tﬁ% c;oh%ﬂs'i_’or'i ﬁqg %cé@ar}/ #9'deparate

pro UCt net anol D is renoved'as an azeo ropic

al%étlﬁgt%dibﬁtg ofatraw meBiyl atdthibed/fate M), f4 Aiw bRehbP@)! BARNd
systen1 mever in a case where the reaction ra e

prodact mtatrﬁadwmﬁe@a iggter (@) cand by Protuctdnethanel (Dinafter (bl

Is not sufficiently high, a |arge excess of nethyl
reaetita,onlyich tneaked) thesoperatisssicgmplicatedove by- pr oduct

nmet hanol (D), so that the 20 productivity tends to be

poor Therefarned |mgrc;er to shift therequilibriumrta thesprosiich gide and

m xture in which a concentration of by-product
futbenanbangaihe eonveisintel iseenducted to eMmpye bydipdudte

reaction system there is enplo t hod wherei n
mﬁmanob Pblogether wil gh r%ﬁpgom%%ve\t%ra 159 reaction ystem.

t he, remai nder xed 25 controllln

FEexamieLSige Ty maivl Bleticiaib uhf toie %ha%%? (ARE rixgure

By N
W§%5@t1'§ g%t 58 O i est 6f %o r p§8 molé Fei¥réd the

contaln processes odu0|ng an
rawhRBABA(B)BAA wpfbuacﬁ%ﬂmam D) [Rremibved 4 af seBaRegic

reaction between nethyl
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 methyl
fnethacrylate (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. 1n this method, it

is desired to produce the methacrylic acid ester with a higher productivity.
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nmet hacryl ate and an al cohol or a phenol by the use of
a reactor equipped 5 with a distillation col um,
wherein the ester-exchange reaction is carried out
whil e extracting an azeotropic m xture of nethyl

met hacryl ate and net hanol under the control of only a
columm top tenperature of the distillation colum.

Di scl osure of the Invention 10 An object of the

o YR A el B oINS P BB
e o N T
b SERY 6 Y T BB e
AT o e 60BNy 0o St omiiroquiped

withl & Sitillatidn YokYnn, HEreM dhbr&témxérfa‘dg@?ehaﬁéms dified out

present invention relates to a nethod of producing a

whiR! dafdctihg @n afddirdpid Riixtafe aNmatiHA vdthaéryfats z@aahethanol

whi ch conprises the step of carrying out an

urdler tHie edstheld©niyea Columin ksp vemperatireydf the distilatibracelumn.
and the al cohol or 20 the phenol while renoving
by- product nethanol as an azeotropic m xture with
nmet hyl nethacrylate fromthe reaction systemvia a
di stillation col uldisciogee ofrtbellayentiodndi ti ons, by the
use of a_ reaction apparatus equi pped w t

di stAm phiechpf the piasentinvestion ithto prexide %%tggfé gf pradyicing
a PR Bd Fo e SOmRIISesdagis Hf B iBp 2Lt AR sster
oxPafe rEnaips peER BrunT b ATRIAE ol br 1
ot OB ol R e 495 BB PR
iRl 1d SERPUT oS AR pae
whdrein feareMacHid aci@@kter 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 azeotropic 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 reflux 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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5 Moreover, the present invention relates to a nethod

of producing a nethacrylic acid ester of an al cohol

or a phenol which conprises the step of carrying out

an ester-exchange reacti on between nethyl nethacrylate
and the al cohol or the phenol while renoving

by- product nethanol as an azeotropic mxture with

nmet hyl nethacrylate fromthe reaction systemvia a 10

mal} 5é o BB 9PPCUBRd W \eRiperSiurd bf m@m@st)ﬁ@gehn thee

use of a reactioh appar at us equi ppe

digiliafibh cafunsi niyl bETFromd8 (@M 00Ot fe?ﬁ%ﬁ'th@ﬁehbératures at
azeotropi c m xture of nethanol and met hyl

noreiahprassLes, aviileotet domversiGh oP thesalebRo drehé tph@h@ﬁnsaﬁltrﬁn
a tenperature of the wuppernost stage in the

thel range 6810 t;m90%W.urm has reached from 63 to 68C, a 15
tenperature of the mddle stage in the distillation
col Morenver,rthegireseritioventiad retatéd @ aanethadtof predadiog @
of the I owest stage in the distillation columm has
metbaciyéid acichesteo of an aianbal or aghenobwhidncareprisestherstep of
at normal pressure; and the reaction is carried out
cappyingouaAn e%ﬂerﬁgham@e f%&qtl@f(l hetween methylmethasrylate and

o ST b Wl g Sl o
SRS b BSbaE T R et e 4

R R P G TEPARER W U e Bt s
e@%\%@mm&&&n&'ﬂanoﬂ or the phenol has exceeded

roduct I's conpletely renoved as an

az e%ﬁérﬁirFtrfé BV %fmé Qzaafébik nﬂﬁhﬁe;‘ iﬂ | ethand| '@ thbhy!

reaction system while contro |ng ux rati o so

méthatrydatediamm thé vésction $yReerng efdid afdradenperaliste of the
distillation colum my be 950C or higher, and

uppenpeststagesn dite distillatiahdtelusiralyas seathelddrorh G3:aet685Cage
in the distillation columm nmay be 990C or higher in

temperaturg of the middle stage in the distitllation 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 températures 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 retates 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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5 tenperatures at normal pressure, and the reaction is
termnated. The term"reflux ratio" herein neans a
ratio of a refluxed anbunt to a distilled anbunt of a
condensed liquid, in a case where a portion of the
condensed liquid is distilled out and the renainder is
refluxed after a vapor evaporated fromthe inside of
a reactor of a reaction apparatus goes through 10 a

AR With iy CRbiERAABE omANB ERERM HyMEm AR Rfoling
thid iRfIER Pl sO thRa thisstall?e Bt the hﬁﬁéﬁﬁ&t@ég@ﬁﬂhﬁrdlﬁlllatim

pressure), a way of converting a tenperature in

collfin ﬂnb?lbeﬂgﬁ"@bﬂﬁ’@hbﬂtahcﬁt h?mat@éy betHY mitﬂﬂé@iage and the
pressure is as foll ows. liquid

lon@sp stidal innhe digtillatioe domm:v Mgy beH9TE bh Aighler imtérimstdthe
nmet hacryl ate whose boiling point at the pressure (the

tempperatureg ap necmal pressurd, aeddhe readtadn isnemihated. i s an
actual tenperature in the distillation colum, is
obt aiThederm Sreflulaatio ihénein Meians-ac@tipofia refloxdd agraunt 4o a
the above pressure. Next, a boiling point of the
dﬁtlﬂ@djaaf@unf pba condensenliguidainca 68se wher arpsytion of/thet e
having the liquid conposition at normal pressure is

condanseddiquid ishistiledet) andgtl'memale@?mége ixsd Aterq vapor
ofRnataletlroBrRR datide of ATearion ol ATeaRPABPARAIS 0058 through
aRiSiRBHOR spiuith 88 i Ee s B kbinsel " 1 'h:x ratio

'

e &dve%n%vn@%égﬁym'aﬁép?o%@ 14 BprARRY B Py g B
tHasBtfdal d?&( h?n'i&gih%"rl Siﬁ e;%&&;r@ %f’%yib‘f%HGé Mbté’

When the qu r at eSSI ncr ease

teﬁhﬁﬁéréttﬁé(iu :hé distit A QU |Pnt<9dltéﬁ1{)6?étbl?§‘al néﬁn%ﬂdr@@sure
reacti on system deteriorates nmet hanol

iscasfolowsati on in the whole distillation colum rises

nore than necessary, which brings about even the rise

of t hirstyetliquid compositionrefta mixeachsolution of methanol and methy!
methacrylate whose boiling point at th_e pressure (the operating pressure of
the distillation column) is an actual temperature in the distillation column, is
cbtained from the boiling point-composition diagram at the above pressure.
Next, a boiling point of the mixed solution of methanol and methy|
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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5 the reactor in a certain case. As a result, it
becones difficult to shift the equilibriumreaction
to the product side. On the other hand, when the
reflux ratio is excessively decreased, the nethano
concentration in the azeotropic mxture which is
renmoved fromthe reaction systeml|owers, and in
consequence, methyl nethacrylate is renoved fromthe

I eac yyigdh hesriefllix rafb E8Res8RB ﬁéa?fa%ggym ‘Iéﬁﬁci"eﬁc‘:ifséﬁ t

in a case where a charge amunt o t

removiag by-sroduttsmbfanalfbin thel reabfiodTsytém d@bﬁéfétﬁg,zéﬁd the

is distilled off before the desired conversion
mietheanol eenbentratiorinitas aeholé fstillageH cOOmIGsss ke than
proceed any nore. The production rate of by-product
necassany whicl brings dbpaheverythariseaof iesmétheinel SonsesHiralion in
a nolar ratio of the starting 15 materials and a
thezneactostin acceptainusase. Neaeresult, ikbecomiea giffioult teshiftahent
I nvention, by-product nethanol can be renpoved fromthe
equilieriyn feadtiareia thefiroduetrsitly. Omnitherotheshand, wien the feflux
net hanol concentration in the azeotropic mxture with
radip:is ercagsively deceaaseds thamethansi copcentration indbe Bzedtropic
the I nvention A raw al cohol or

de f Ca i t
iR vRichyS Semouee o thekaacion SySiem INase and e w ¢ h

- offhsRia Ralti meshamlate s o asran hRderciahpr AL

ot )i AROR y FL48H R B Bt o

mReRE mARCvie K Shoft 4 diner ARiAREK s RlARS b
beétofR Y dedired ERRSibn Hksddléifrﬂ%%%?d,' ﬁﬁ’%ﬁén@é Ctﬂggbg ion

stearyl alcohol, ethylene 6 glycol, propane

dde2nor prozeed iaply.mdred - The prsilicibn réteﬁofg?inonﬁtﬂ%i Rlethdndi-

hexanedi ol , 1, 8-octanediol, 1,9-nonan
veriesOdefpmaruding oo varibus Pactdesdsuainasiagholan eati) gihedtarting
al i phatic unsaturated al cohols such as allyl alcohol,
materials aad i catalyst tabe osed., Howaver, acobrdingpio ¢he present
. aliphatic cyclic 5 al cohols such as cycl ohexanol ,
'nmﬁfgn.cgycpr@ﬁyggwgmaw 6apheramovedfrom 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 alco.hol
or phenol include aliphatic saturated alcohols such as methanol, ethanol, n-
propanol, i-propanol, n-butanol, i-butanol, t-butanoi, n-pentanol, t-amyl
alcohol, n-hexanol, n-heptanol, n-octanol, 2-ethythexy! alcohol, n-nonanol, n-

decanol, n-undecanol, n-dodecanol, lauryl alcohol, stearyl alcohol, ethylens -
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di met hanol , nor bor nane- 2- net hanol ,

5- nor bonene- 2- net hanol , 1- adamant anol and

2-met hyl - 2- adamant anol ; functional group-contai ni ng
al cohol s such as gl ycidol, isopropylideneglycerol and
gl ycerin carbonate; phenols such as phenol and

2- phenyl phenol ; and aryl group-containing 10 al cohol s
such as benzyl al cohol,  1-phenyl et hyl al cohol and

oF5aN PRl ropp e ORI 15 yhAET 1

hekaigdiolhe Js@taﬁuaro@bi BRpefegion o1 lueRangEgAC 2. | !

t he star ing materia a cat' are used.

dé&éts’ﬁdédlo@hc?@?é%l @Ilgﬁﬁtl@ﬁh@éthréfsﬂ *é?é‘dﬂﬂl@&@cﬁ Qs Eﬁw

used is preferably 1 nol e or nore per nole of

aigbhehal 1-@fmﬂh?l"aﬂyl alasholi preriol Ehﬁﬁﬁpﬁbhdl aﬁpmﬂ@cﬁﬂlc
| ess per nole of "'the alcohol or phenol. I'nth

_ alcohosaduchnas wmhémmstmemymcrmwal c éloﬁexane-1 4-

pol yhydri c al cohol, the anmpbunt of nethyl net hacryl ate
dimethanols adrbm‘napeef-me&tdml Sonarbnméne2tmetienholyl -

mul ti plying the above value by the valence 20 of the
agamantanal and|Z:olethyl-2-adamantaned functionat grouprcomtaining

met hacryl ate and the al cohol or phenol are usually

alcehels<Hohi anolysigel, dswopvl:daneglmea@andegiycerm carbanata
The cgbgk yst to be used in the present invention_is
phgpols &gl merrgpl anm%aenﬁnlaemlya%aw g@@umﬁﬁn@mtuged

ol ichiae banhil afrL: TPRENIABY FleahBL A sty

a®Bﬁ§ tetranEthyI titanate, tetraisopropyl
lhate tetra-n-butyl titanate, tetra-2 7 ethyl hexyl

s o b BB EbIRNech e Ak fnethimEHEEANB( o b
reW Wbﬂﬁheﬁélbﬁé¥’ bb's@utﬁf:!ﬁét@*hiﬁ%d n @oEHrtdQnEb%th the

di met hacryl at e rabut yl -'di acet oxy I St annoxane,
steefinghhizterials Gnded badiyst WHich @ mngsm an amount of

tetrabutyl -di acryl oyl oxydi st annoxane,
methyl anethacrdatedoirecusedis prefetablyan? mcaae:rami'e per mole of
thteeataléglggltgrl p_henol, 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-
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di acryl oyl oxydi st annoxane; carbonates of al kali netals
and al kaline earth netals such as potassi um
car bonat e, sodi um carbonate, nagnesium carbonate,
cal ci um carbonate and |ithium carbonate; chlorides of
al kali nmetals and al kaline earth netals such as
cal cium chl ori de, sodium chloride, 10 magnesi um
chl oride, potassiumchloride and Iithium chloride;
ethyltiexyli tilanatefandelrakiearyittitanatentin abinpounds sach asrabatykin
such as sodi um hydr oxi de, potassium hydroxi de,
oxide, diootyindndde, ddimettadtire dimethbyide pdibdtyliam dinesthoxide)
hydr oxi de; and netal al koxi des such as al um num
dibetyliinogimetiacrylate, tetiabulyirdiacetoxydistar¥ioxanal tetsakiutylrmay
be used singly or in conbination of two or nore of
dlnmlnacrybylmydmamoxaﬁet tedrabatyidjacryloyloxgdistannoxanpepe
suitably determned in accordance with the starting
tetrapetyl-dinsethagrvioydoxystistapaexane and teteaostd . US uaI | y,

an anpunt of the catal yst to be used is prefe
digcrytnyloxysiistannoxans; sapianates ef gkali H@tahsan%alkahne Sarth

RSt Rl hSSH o Sl et
oo Ger Paciurd ratonds Ry Rt sdforiefe; SBlorBRs of allay
B SR HaR SR s s ps RGO R S hifice.
mbgﬁg?lﬁn'f ER6HAE, pdtasflﬂm érHBH?e r'lﬂchﬁ'nﬂ?ﬁ&rbn&@t%ﬁé‘lhéﬁf -

SO pr esent ation

alRél?Fertél%'éhdélk I%@édnﬁni&hbéwchzé&te mﬁyd?bi.e? bBtas8fim

distillation colum for t pur pose o
hyd?b)ulﬂet ||th£lJnﬁ g dRideTBhadaEdiam hyRFokitle dridEcdl€ianT Wydroxide;
Specifically, a polynerization inhibitor may be
antl reddivalkioxides sueh by laluminunt isppedpoxide dnd sediues midthoxide.

~solution may be supplied fromthe uppernost stage in

Theeatsilyats mayt be nsed isingly orimecqrobination p&twra_; or morelsf them.
to be used in the present invention is no

par t Aparaeyst ofithe P@tﬁ'ﬁiﬁ@ b&nyﬁaydnaw mwm%@et@y@mesbn
Ion as it h ol yneriz n it effect, to
cdadteitn R sriing Telpanls i ctayst whigh are used.
Usually, an amount of the catalyst to be used is preferably 0.0001 mole or
more per moie of the alcchol 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, asin

the reactor. Specifically, a polymerization inhibitor may be dissolved in
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pol yneri zation inhibitor include phenol conpounds such
as hydroqui none and p-net hoxyphenol ; am ne conpounds
such as phenot hi azi ne, N phenyl -
N -isopropyl - p- phenyl enedi am ne,
N, N - di - 2- napht hyl - p- phenyl enedi ami ne and
N- phenyl -N - (1, 3-di net hyl butyl ) - p- phenyl enedi am ne;’
and N-oxyl 10 conpounds such as, i
mathuyme@‘i%cml,a@, @nd therreswiant goptisamay he-supplied from the -
benzoy] oxy-~, 2, 6, 6-tetranet hyl pi peddi ne- N- oxyl ,
“W%@&L?té’ﬁpﬁ'a%@e, Q',sgh%tlort &ﬁw t hyl pi peri di ne- N- oxyl
and 0X co unds .represented, by the fallow.,ng .
For niPEPphyierARROR SR 5 1E ey R ingifreserkinyeroh is et
sj. nq| [ conmbination af t or re of them 15
paplcilay Smited 2 G ARy, BigPLndcanrie Boed B o kiR &1
=y : [ t
polyfipfgafPrBiifng ofiilo g it e 2B S350 & 2amples of the
. - t ;
oA AEARFIAEIEE ihdJ5 BRoHR] coRBIRER <P JPhiUfbadhBHe
i R hed: 2l ' A -
aril St By e Wi CoMp dlrRfschT e EnBRONEA, N heny
N'Li8&s@pyI-piphknlyenbdiamiMB! RINEdi-2-haphihg- lenediami
ilnv@ﬁﬁyoﬁ,pfg? thelarm'r pose of g nh?btih?i %ﬂﬁg nediamine
atPNyphenyi-N'-( 9,3-dimetihdbuaipi) i phehylenédiathing; @vd Nadkyl
oxygen-cont ai ni ng gas nay
compounds such as 4-hydroxy-2,2,6,6-tetramethylpiperidine-N-oxyl, 4-
benzoyloxy-2,2,6,6-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.

R11 R12
[ .
O(CH-CHO),,R

o (2)

wherein both R and R'? represent a hydrogen atom, or either of R'' or R'?
represents a hydrogen atom and the other represents a methyl group; R",
R™ R™ and R'® independently represents a finear or branched alkyl group;

R represents a hydrogen atom or a (meth)acryloyl group; and nis an

integer of 1 to 18.
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be supplied into the reactor or into the distillation
colum by air-bubbling into the reaction solution or
the like. 5 In the present invention, a reactor of a
reacti on apparatus equipped wth a distillation
colum is charged with nethyl nethacrylate, an al cohol
or a phenol, a catalyst and a pol ynerization
i nhi bitor, and the mxture .is heated up eact
t eng¥peaqyies, indhe aregané inveRtionsioe ﬁh%peme@fﬂ@aglﬂne
ile duct, net hanol as an gzeotro
pquuz@mafnhaﬁae%@ I @it estey aamgegecon @Wn@(ggs fay
conditians. At th enova

e SRR tharRRGoE ob inte e, JRUTISTRR SO by Sir-bubbling into
thgrﬁ?t;%‘ﬁlrﬁsﬁvﬁsﬁ BRI E (on 2ystem s performed by
vapdh tb's%%s?%qtﬁfﬁvw%ﬁg BrebPo SEA E0RH apidtalSodibede
wilP &icthatioh Bl 4 AldrGBa SHHTBYAR thdifiaGIRAEGP g coRoPor a
4 A Bl A i 54 5
toF@Fé‘a%‘ﬁoW'téﬁn rdtltd © %amﬁbutaﬁw bsler-Rzekang é@&lﬂ@ﬁfwmre

cascade n1n -rings, tray-type colunns such as an

refAciMig bRwré it hethBfoPas b lazbbBupicAfixtureffewtied reaction
separation ability, the nunber of theoretical stages

syaterhundedireflud ¢ariditionsc oAttiis fime pthel renadota)l of theeazeatompic
or nore, nore preferably ten stages or nore.

mivturecsfenethanot aad methylavetiacndatef(oratharolimethyp methacnilate
to a lowlevel, the nunber of theoretical st agles of

azeQirafics mlxtuea)ufmm 89 (RActios systasm is performed by distillingsa or
poaiof B RandenseeiladAteGa Yappr \?Sm‘}%tésfﬁn@rtﬁams“ﬁe of
B BBE{SF oes SR inp etinalic Shulnr 45 d RGN o

%ﬁﬁg&grPa is preferable. The reaction tenperature
€rature in the reactor) may be suitably

The distillation column to be used in the present invention is not
particularly limited, and examples thereof include a packed column which is
packed with a filler 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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determ ned, but in the case of carrying out the
reaction at nornmal pressure, a tenperature of 100 to
1500C is usually preferable. 5 In the present

i nvention, since nethanol, which is formed as a by-
product in the reaction, is renoved azeotropically
together with nethyl nethacryl ate, nethyl

SRS I000N0 P & fRRIRbS, "o Geacr  bed above. Al ter
at er 1 eofigAtonBB A ARl 100G reh@on. By pg sutsbly
c{ei?énfgﬂﬁéél.%& i ?hﬁi:?éé? gﬁﬁl‘gy@p@lohﬁﬂéjﬁéaﬂiﬁﬁ Gt rﬁPmépE@éagre, a

since mnet ate 1 s excesslive

téﬁbééﬁtuf?bﬁf@ﬁwl G 5 Liﬁiagg)ﬁlr&bﬁéﬁlé.b“t ed in the

distillation colum at an y stage of the reaction.

When ITthé pRéderit inve RIBRESInke ARitaRoN WhitAis TBiried 5K|d By-

acid ester as the ester-exchange reaction procee

poyelystdnl tes reatibAnisl reAvetraiotrabicallp dethbOdRk Rsdthyi th
nmet hyl 15 nethacryl ate and ascends through the

nebtbacilate] mettnd imethacrilate d¢ aséd Ppam exteswamaunt folafve to
nmet hanol / net hyl net hacrylate at normal pressure is

tiza alcohobaritherphanct as described apoes.t After thie reactor has been
met hanol / met hyl methacrylate.of 91/9 by weight. Wen

chaegachwith the Béﬁlm materialspberixturetis heated up éo the reaction
distillation colum is rmade to be the azeotropic

temRptAtuLe M asto pedR ATefuxstate. Ad thistime sjnea metimd t hi s
IR S BT i b o
the stifidfon MBI srty Sliber P paing WeRieethapol is

r oGy 818 B LAGr 6955 BBl oxcrango cion
pPoGHEdR, BP&ir@&ﬂétﬂneﬂhtaangfﬁecﬁi ié&iﬂy%&ggttﬁg%%ugwﬁ?@é

tenperatures of the md age an

methadrylate sindl dstiends thioRighhe distillatior BEIURIESTAE azeo opic
i nvention, the tenperature of the uppernost stage (the

temperatuiecafl metremel/methyienethaerydte tHt eropmak pbssale! 1§84°9Q)
the distillation colum

and the azeotropic composition is methanol/methyl methacrylate of 91/9 by

weight. When the composition 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 distilied

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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is made wthin the range of 63 to 68*C in terns of the
tenperature at normal pressure, while the conversion
of the alcohol or the phenol is within the range 5 of
10 to 90% preferably 5 to 95% particularly
preferably 4 to 97% The tenperature of the uppernost
stage in the distillation colum is preferably from

oo B oadn e BrGoB 2 dopAoiiLuavs (ne
il SeGRi ot SR Sadion ST Rrh e coumn
BRI ok Sr G AL g RS of ol Bl o
pReRLAE vitite 18 OV AN, of ARCHIEANG o 8, PRenBiiE R e Finge
oflo BF00%, préfBtaf Btogsde (Hliaany BRIGRRTY 418 o7 o6 e
tefpefturEieh W3¢ Lpdiost Stad'fh thE\direfof cokind & brdferaly
freREE /650 In terig ories! Hal%bé!ria‘tdrecétmo?ﬁnal beHsar dThéhe

tenperature of the mddle stage in the distillation

tehgdarature s BRémperatife Bloks ¢o HieafedtfopiS térRp8Ritire of
terns of the tenperature at normal pressure, while

mistieared andmethy! mietlidteylate atwbdrneal préssurbe By miaking thei n

the range of 10 to 20 90% preferably 5 to 95%
tempearature of thye pppérenastistage inttheistiliEtien toehgran atithire theof
the mddle stage in the distillation colum is o
abpd eangsl, anzEzectropicmptige having ahigh otethanolcomgentiatioreis
at noryml pressure, and is preferably 800C or | ower
remoyes mmdﬁetrﬁecu@w&tamu padhenggr the diptilledsameuntpkmethyl
the tenperature of the , .mddle stage in th

PRV IRG: o e GURRFET8d B G eVHE RS AGPSHLNP GHFOY he

RSP BB o i APl e )
S RHEE o APRARER, o e BESSRSSHY B oo

improvBli bited in some cases. In addition, when the
tenperature of the mddle stage in the distillation

col ulThe temperature of the middle stage in the distiltation 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 phenﬁl 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 methanoi in the reactor increases and thereby
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is too high, the conposition at the uppernost stage in
the distillation colum tends to deviate fromthe
azeotropic conposition and there is a risk of 5
increasing the distilled anmount of nethyl
met hacrylate. It is to be noted that the m ddl e stage
in the distillation colum neans the stage (the

n.the case, of, th ked col um) at

t*iehsﬁpbfé%ﬁcgﬁh%%aﬁf%réxmse ﬁea%ﬂqsbisanﬁibﬁgﬁw BOMBTa8gSu N
atifih. R i FRoSRLIR a5 B biks tebe n fpa disfufRcaidnn
ToR o b Eoniitfi of B8 UPBEREs{ Hage ih e Bistitation calyan
s BEERE frefh U] FrdbA(HIE pEMpHSTIN st P iR sk B "
e dingnd BT BoBhL e melny ARRCHIAES T %\ P 1t ho
ot o B3 defed i i i abSiat 1o el Bsafon colymn speans
tHehstagb Gimesthetiatizl staghis tish Shéé bﬁﬁie‘r}g‘aélégfd%lémm ata

preferably from99 t60 1 OOOC in ter

positipr o half ¢whichrie bBedined b?%t[u@din&x:ﬁﬁ#étw_stﬂbﬁow decimal
tenperature of the |owest stage in the distillation

poiot)uofitheitotal stages ascountedifrom thehsppermioshstage ﬂthe
nmet hanol is reduced, and the return of nethanol into

thepsetical stage indhe lvase ©f theepackesticol@nndar ryi ng out the

ester-exchange reaction with maintaining the

t enpdhartemperature ptthe lowes! stager(thetheoretidal slagetindhe case
of BRAGEI RN PeshetIafn GPRIoR o aeRerinintbRgangs of
AR M T BN
A R A N
oy 53 YU rkdfory P4 6 o7k S BRI ot
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 into 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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met hyl nethacrylate, it is preferable that the
apparatus is operated in a total reflux state until
the tenperatures reach the above ranges, and, after
the 5 tenperatures have reached the ranges, the
renoval of the azeotropic m xture of nethanoll nethyl
nmet hacryl ate fromthe reaction systemis started. On

the qt her nd, though the situation varies dependi ng
ra&get‘ﬁe‘{%%%@' and the anmounts of the raw al cohol and

e GEASMIG. BB B P e
mpftu) S BRS 1 EIe Yreletabletil e ap it € Rppraedi auotal
reRfiXste8t e tortfbtal rER FE At 1B e anhils, artf. aref e
R 31 8 o A
ofr eI H\éthia\léryﬂ’ét@ff RS rddtiohysRIM VEstarted

by- product net hanol "as the azeotropic m xture W th

et hpin wetdiRG Hakd, shblighniHeatuatidhlvarids Yepefting on the kinds
conpletely, while controlling the reflux: ratlio so

andhthie ambentsesfaherawadicotist andiths Catdlyst! aoe the liké ahe
distillation colum may be 950C or hi gher, an

produption ratee nodthahel dectdases; tangdhas theathandladesst notdsegnd
in the distillation colum may be 99*C or higher in

frerarthe reactonito the distilfationt eotursn avhervtheatonvessionof thehalcohol
the met hod of renpving the nethanol present in the

orfherphanal pxeeads 86%. fﬁmwicﬁ@, thedemperature begins to rise from

oSS St BBl 1 o D AT o
Wb b 3o e P A 8, o
e e SERRERAN) SRl nbd BBy 22 raoraieto

refticie by-Brodiibt Al HERoRYs el d2tiropidhiifd With dthd1 £ 0 O,

d.e., by distilling , 14 The conplete renova _
metHdtrpate fremetheirdgciich sfefmedsihpletely Whikitontfolfing thdlreflux

the distillation colum and in the reflux line, Dy the
raibacethat atemperature 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 refiux 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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can prevent the return of the remaining nmethanol from
the distillation colum to the inside of the reactor
after the termnation of the reaction and the 5
subsequent shift of the equilibriumreaction to the
starting material side to thereby |ower the
conversion. EXAMPLES Hereinafter, the present
invegtion will be concretely described with 10

ref er @mmgﬁf@mwal shmeshanel femaining in thenkeactier system,
PGS b5 i 1 T o oo s
CBRFAN 45 e RPN 0 he Bl
o 8 RSl afeine eraimelinn of s ression abdte,
SRR S A eBPu BN ARG 18 nd Bl Mt e o
tﬁﬁggwgﬁg%pm&s%nphenol. 20 Moreover, a

an azeéotropic m xture of
nmet hanol / net hyl methacryl ate and a conposition of a
reaction solution were calculated as follows: Content
ExappeLESget conmpound D/ ExI 00 wherein D represents a
“wer ght. of the target conpound, and E represents the

25 t plerbineftbg he presint invemtion Wil YatoncrétsR tdtribed wWith

As a reaction apparatus, there was used a"3 liter
refferencedolthé fellbwing exaniples, bedi thepprstent irfveatidl ishedifited to

O dershaw distillation colum. This apparatus was set
thesesxamples.a vapor which ascended to the distillation

In the examples and comparative examples, analyses were carried
out by gas cﬁromatography.

The yield 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:

Content 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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col um by heat was cooled in the condenser and
returned to the uppernost 5 stage in the distillation
colum through the reflux line. First, the reactor was
charged with 1051.3 g (10.5 nol) of nethyl :
nmet hacryl ate, 652.2 g (3.5 nol) of lauryl alcohol and
O 04 g of 4-acetyl am no-

oo AR rRAGUITAMRArBRT Hefh Was 8 a 3 ReF touf Feck Mask °
('i‘%?&f BBppRL D 20, §ab5E biderhag i %ﬂ%ﬁéﬁ%ﬁ zﬁgsed
appafutls Waste Uptitat & .#g?matééﬁ%m%?ﬁ‘"@eon

CSRINLBY Me ¥aS RRlaf) BPR dBh A ey Il th yppermost
slﬂag%qﬁtmé%tmau@n%o% 1 HEbUGH RS rRhfe, i ne- N oxyl i

met hyl nethacryl ate at rom e upper nost

st agFidsh theesttel WaksdHaPded witholosT3 ?3‘1’0 ‘?ﬂhbﬁ of methyl

|ntrodu0|ng air into the reaction solfution a

methatrglate [652.2% 35 mtﬂpanaarw Qﬁﬂbpanw Ik M%’cé?*!bmmo-

at normal pressure with maintaining the t nperatu
2i6 BrtetnasmthyipipsridirielNeoxyl, 2814d tHeumixiaretwgs frRchéstad to

the reaction solution in the reactor was sanpl ed and

conduc deblydratioerin the segation sysfermavec armsritdogf R howr tnder the
deternm ne the conversion with tine. 20 At the
tofalyefiexndhen, theerqas:fmrtwamco@lnd amahargefm m?so .88 1g0c0as5
d h t al

mg G telraMme i tianato puniv RB) AndhAginG mﬁmﬁguyu again.

W SRR, s-BRuiNG iR oo Sicaoenision.of 1000 ppm
obeired bilis3BNiith 4B L6 pehBiatBpErlsEN Oyl in
rrleﬂ*lﬁ%et?@cﬁ}l eatjzolﬂghf Frpﬁl ﬁ%W@)e%@éﬁ?gg{gﬁ %iéii&ﬂ@&t@%pn

Therea ter

ccbltlmrf 266 While iHEGInG bﬁ%@%e"i‘@?é@orf%&%&ﬁ S%{oﬂg gﬁl[lg int the

reflux ratio within the range o

estar-exehandgd redotionevas tdrtiedlout ﬁoﬁﬁﬁ%ﬁr@é@&reﬁkﬁlg Phdifitaining
the distillation colum at 64 to 650C, the tenperature

theftemperaiude irethe regetartat 701 1tto E29°C. Bunihg e feaichion ather e
ra%fctlgn esollucil\é\ale;'nsla tﬁ; ?eggctglt' 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/methyi
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 iowest
stage 100°C (the conversion of 4% at this time). Thereafter, until the

conversion reached 97%, the reaction was carried out while controlling the
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99 to 1 OOCC. 5 After 3 hours fromthe beginning of
the reaction, the conversion reached 97% and the
tenperature of the mddle stage in the distillation
columm rose to 880C. Thereafter, the reflux ratio was
gradually lowered to 0.1 and the tenperatures of the
upper nost stage and the mddl e stage in the

ot oA R ds ?@ma?w%??? Bmpprature of
i Bpomod 5 a”"'w‘:?d’%@@'t‘fﬁﬁcb " gt baTp o2 olpelBsrature
of fhd R BRGS0 B0l P taiesafike PEynaToUES sage o

P%IMQ ‘Fati 0 was set to zero, and thereby all the
iqui n the reflux line was distilled off until the

15 t rﬁéﬁr@f miﬁbebaﬁlﬂfﬁrﬁjéltthgt@g@g g@é@?nﬁef&@%r

di sti ation um wa

réd RS 979 H thb'}sn{ k& Bf %esmiﬁla“ﬁl‘ayeﬁﬂ thd ‘a‘?shtiuation

reaction tine was ours.

- cORRMEI e ioBE T, t'hﬁereﬁﬁ@? RB P& Rflie Wals gmuany Iow%red to

distillation colum was maintali ned at 950C or~ hi ghe
Octnand iee terperatires o tivé uppernibst dtage bAg thé ifiddiBStags.in the

| onest stage in the 20 distillation colum were
distillatian celdmat wefdGised bpyd@9°CThe anount of the
azeotropic m xture of nethanol/nethyll nethacrylate
r enovéenwinsozies t@ cogmpietelytremaven from thef reaetibasystenn s
52.2% (112.3 g) and the content of nethyl
quqrmleem therlisd refbaxed frgm thﬁe.uppmestsstggeﬁn the
d Eultln reactlhon solution in the reactor was 25

Hirryletherneemest slagp inthe sltﬁmlaﬁl%aolumn 30ain
tf%éué‘ﬁ Y cpBipder At thg rondi e tha refidk [atin weg a6t lo 26ro,
ang- tlﬁe@ebyéjﬁﬂg}? bﬁﬁln tﬁg?‘ @%Pﬁné GRS il PRALAN Re 2

use
temperature of the uppermost stage in the distillation column was stably

maintained at 97°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/methyl
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 methacrylate, and the yield was
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First, the reactor was charged with 750.9 g (7.5 nol)
of methyl 5 nethacrylate, 676.3 g (2.5 nol) of

stearyl al cohol and 0.042 g of 4-

acetyl am no- 2, 2, 6, 6-tetranet hyl pi peddi ne- N-oxyl, and
the m xture was then heated to conduct dehydration in
the reaction systemover a period of 1 hour under the
9595 | reflux. Then, the reactor was cooleq and char ged
Wth 1.23 g (0.005 nol) of tetranethyl titanate

LtYa.70% , and heating was begun 10 agai n. And
<Fgg@?§§?gr, the ester-exchange reaction was carried

Eztgi The st f‘ﬁ%ﬁiﬂfﬁ%ﬁ@ 3 e e fadne t weldinadc e
aveol ke Febdor e cHErd ih P%é?{%%’f-@n@?ha@?w%
ity ate, 78S 1P 5 N st8anT aRbhGFadd 010 § pfE- "
a@&tyrainhihmz,z,:s,mt%me&gﬁﬁﬁ&%iﬁé-%ﬁy ahdthé ﬁ{mﬁfé‘yét%ﬁtgen

|
of the m ddle. stage 0C, and the’tenperature o

héatedsd condactdSfydPaion i theCreBEEHS s PsteRl 6 |
tinme). Thereaf?gyr, until the convgftsi o%@ﬁeaggﬁg%wg%@hour

under thedotal cefluxasThver, the deastor waslcoolsand thargédivien 1.23 g
reflux ratio within the range of 5 to 50, so as to

(0RO mathof tetramethyl tilanate (pLriBO 70%9), apd deating wesatosgur
the distillation colum at 64 to 650C, the tenperature
againg indiheneafter; theester-pachangsomaction avasheartiedoedt in thee
of the |owest stage at 99 to | 000C. After 4 hours
SaPg MaAMENR{/NFXHDPISE 1.t he reaction, the conversion
reac 98%.and t tenperature of the mddle stage in
*ne_ BF the Besinig ois FRRGHAD. the ePpeatsBowas opadaed ander
' I e, framthe reaction
triglofi P, 3SR B HEA Ef okl Finafise P Fatfroiimetiy!
mbfH ; | shirled 8 T
PRiecylsUPREATA reBbfttts|sto adlshirted ALERYLNE WHER LR,
telripepsitiite Idf ehe QPPEMNGSt S8 istiffatidr o
Pg{i 0 was set Pg zer o, aig%lwtpmeér g'%g}"%l‘*d ?kﬂgnﬂ%abﬁé&li ﬁ%'s C.
theltempetature bf the ivikdidistddd 74, 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 middie stage at 70 to 80°C, and the temperature of the lowest stage 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, methanoi contained in the liquid refiuxed from the
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off until the tenperature of the uppernost stage in
the distillation colum was 5 stably maintai ned at
980C or higher. Thus, the reaction was term nated. The
reaction tinme was 4.5 hours. During this time, the
tenperature of the uppernost stage in the
distillation colum was maintai ned at 950C or higher,

uBRIEgS ?éﬁm s idjiafipa ol fo i Sti‘%ﬁm@ﬁ@ge inthe
o B agaln EhGhohieii Shosenet A R ﬁ%fiw 1pe refiux
r@%@%&é@s oo 09 B O i v
off EliffieNsHpBrafife of i pasimbst btaad dng Hiindh Boniifwas
st%Bﬂ) M% |Bég%ri‘%|82 rd?rﬁ?qlg OW tihd r%ﬂbﬁ'v@&'ﬁteﬁu&i&&f The

réiﬂ:ﬂ@?(‘)ti?ﬁe a8 5 holEd, hBBFIM{; #is ’tlnﬁ;%é 'i@fnpéledtl‘i’re"ﬁﬁlhe

3% <Conparative Exa e este exchange

-up dsﬂ %td@slrﬁhb(iﬁﬁlllgﬁbn 'c%ldrﬁﬁ Wi TRalfM&ained aR95°C br r higher,

anpl e | 'except that the reflux ratio was control

and tive temperaturag of the middle stage aAd the Icwest etag¥ itthbn
only the tenperature of the uppernost stage 1 n the

distitiatidn column werdeumaintaingd at @988 higherhout control i ng
the tenperatures of the mddle stage and the | owest
st ag¥heranoountdif 4ne azeoiropicavixtura of Aethanelfmethyl t he
terrperature of the mddle stage in the distillation
meflammiati mmevedwes 124cbacand ke cratenbatewinandl wass2 8%
h n the till tlon colum 25_decreased and
(7F2538 eéhe cRTTaSR OB ety D PIAEHAE Y4556 27 (46 VD) ;-
ition .o

ot nie 129728 ?ﬂ@ecfgﬁaﬁlngﬁgécw Serbliod L O it ovas
a'ﬁ%'%ﬁ‘e’??%ﬁtmﬁ’%t@ aBay. W@a&%@aﬁﬁe’%ﬁﬁﬁmﬂﬁhﬁaﬁ'm

0% ¥dt8asP alcdhbPand @H'.Sj% dtQtedtyl MEHEERIBE:, and the yield was
99.3%.
<Comparative Example 1>

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 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 resuit, 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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After 4.5 hours fromthe beginning of the reaction,
the conversion 5 reached 97% and the tenperature of
the mddle stage in the distillation colum was 940C.
Thereafter, in order to conpletely renove, fromthe
reaction system nethanol contained in the liquid
refluxed fromthe uppernpost stage in the distillation

BRI AR BrbiPS AP ing. 69 aeRSiubn 194S) ibe temperature at
i Pl Bp iy bt his 64T Fibinia e Srble dRasalion pout

' nperature of the uppernost stage in the
ngllné% H’{'a |%§' colum was stably maintained at 980C or

PL22?*.“‘85?ﬁ’ﬁ%““&a“?@?ﬁébieﬁwﬁii%%%%%ﬁerc".itné"%%nverlsion
RERUSTh 2t ik tafperalfy BRR hifele HaghTn 1% ARGl
T rnery A wnradtel, NP1 Somelttelolve, fom he

rdaction G stemi, bthambasritalrid i '
Compar gtive Exanple 1 as Cgmgglggﬁbpﬁ%ﬁgopagg of

uppenmpst stagelhethe Wistillation colurai o fRSUppériitbst Seidd ifthe
solution in the reactor was 20 anal yzed by gas

distilationt ecnjumpragain throagh dhe edndénsiioanid thetrefilix line, the reflux
met hacrylate, 0.2% of lauryl alcohol and 62. 9% of
ratiguwas setdorzereyand thereby atl e liqeiddn tas refRix. IFe was distilled

<Coppgr ative Exanple 2> The ester-exchange reaction
offyeukihe iomperature Af hecupparmash stage indhe 2istillation column was

StgBORRaR i oc ot BTG r hiherc Mhwso e Fedstien was tsopinateda The
re{aﬁﬁb’“i et\Pg%lth%ature of the uppernost 20 stage in

e di stl ol um was mai ntained at 63 to 65*C,
L TP KRS el of ARl b b

metERAIaR reficvedf wEBBHBY, Ay Hi*Gontent of methanol was 35.1%
(111.2 g) and the content of methy! 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 tauryt 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 exbept 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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After 6 hours fromthe beginning of the reaction, the
tenperature of 5 the mddle stage in the distillation
columm rose to 930C. Thereafter, in order to
conpletely renove, fromthe reaction system nethano
contained in the Iliquid refluxed fromthe uppernost
stage in the distillation colum to the uppernost

T8 g o MR Ao S0 o R
téppiuleotingFfcle apBin tip lshfiaton Solumrbedame Basoseec,
BBl rald 8P e atdliowSletl e = Thus. the
nour IR 8 fgsidth 6 BRgintitf b @l 8ftion, e t8péisture of
0901 54 e FEB i GRP S AS Tl W
t6 Bompatotemiivehiofty ihe FeaRAGh K slef, HstndfoPdbritdihied ifkhe

Wien 1483.4 g of the resulting reaction so ion

ligbiel reflagédfronfthe aspErinGststigednthe Pis@iﬂﬁﬁ&g%% %d the

cont ai ned 40. 4% of nethyl nethacryl ate,
upperostaitagé in trendis@ifatibt @iuha dgain RS the &lt.aﬁaeﬁéa? and
e

thEle?/i eld was 98.5% 20 In Gonparative Exanple 2, t
theymfluxflines the fefluxtratio meseset tazerd, kind thoritsy ali tﬂealic[m&i in the
met hacryl ate were equal to those in Exanple 1, but the
refiipdineswas digtilled offntil thietetypgraturef the bippetrhast stage in the
E@ﬂ |l e % and thus the productivity was inferior.
d aﬁﬁn golymmwasistably maintainachalgB Cearchigbar.wlibus,dhded
.in the sa er as, in Exanple | except that
ré)#i'opé'y %%%antﬁgam%ed'm% e was B hedes. r ange of 5
21 t t tpon. was termnated wt
mai no bRt A e BRER Bl Bnu et melhanelimady: ne
i ' : ' sion_reache
ARAHEG o 38 4178 o 4FA SR BB HphIRFdS B2 o
(115 g) ahd'tRe Cbnigt of RREAWHREtH3LAISe' Was 46.5% (98.8 g).

When 1483.4 g of the resulting 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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the distillation colum did not rise to 91 OC or

hi gher and the reaction was 5 term nated wth ceasing
the heating of the reactor w thout further operation.
The reaction tinme was 4 hours. The anmpbunt of the
azeotropic m xture of methanoltnmethyl nethacryl ate
renmoved was 157.7 g, and the content of nethanol was

67.0%  (105.7 g) and the content of nethyl
tﬁxgﬂmd eFeaction was, teminated with maiptaimiog tne pefiux ratiofof 50,

res t|n reaction solution in the reactor was
Bfe ratier ahthe élgieawfy:'l the clean?@mge?ade%m
h 49 55. 9%
“a“ﬁwqtia'ﬁ?ﬁt RS el i e of b Smonos i
Y | 3.2%
o RO oLl B80S a6 e nd e veseSa s
e AR BT el
COI’]SI g‘e gﬂ.{é%%s E‘?@’%dt Ih(re] ?gc?rr?ﬁg: O];reghg(r)?ol Tlgiafmlof
b
oty Sl SERR Gl ik e inb AR ReTY
MetHashARE remoTBH R Y47 ? %“Hn‘él tﬁﬁ%%“éi’ﬂ'bf?rﬁeth@ﬁ&%gg 87.0%

with a good productivity By contro

(185 )il thedforkd® afthethil iatraRfyIael wam 3obhe (517 9).

controlling the reflux ratio. 22 a CLAI
of pdtien 15896 gef s rasultingrdadtien selutioh if thé réatiel was

henol which conprises the stage of carrying out an
aeg eddygamchrofategraphy it bohtairad 4¢1789 bf mthyansihaceylate,

and the al cohol or the phenol while renoving _
147% f byt alpehelangd 55.9° /ﬁnf lavsgtmetbiacryiate; and thé yield was
QEEA}.hM consequence, lauryl alcohol remained as much as 3.2% of the
charge amount. |
In Example 3, the loss of methyl methacrylate was small, but the yield
slightly lowered as compared with the case of Example 1 and lauryt 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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met hacryl ate fromthe reaction systemvia a
distillation colum under reflux conditions, by the
use of a reaction apparatus equi pped with the
distillation colum, 10 wherein the reaction is
carried out while controlling the reflux ratio so
that a tenperature of the uppernost stage in the

distillation colum my f 63 to 680C, a

tenperature of the m ddl el&iﬁ!@gnin the distillation
colum may be from68 to 90*C, and a tenperature of
the lowest stage in the distillation colum may be

B T T
APNGTE: et eompRisit e Stagkdl oo ym@%a‘@?@'gs%@r‘%%f e
ekt gy 1683 S i
rembling bysproiicy hﬂﬁaﬁd%s@?ﬁaﬁéﬂ?ﬂﬁ{: ikt d Svith h@?ﬁ{%l .

whil e renoving by-product as an aze

methacnytateifiom thes Fedctionlybreh Vad aus‘uggt%ﬁ Pﬁluﬁﬁ?‘ﬁﬁb&nreﬂux

systemvia adistillation colum und

copditions,dnsthenyse bica neactioh apppakis euuﬁmmh YRe dlstllla%%n

equi pped with the distillation colum, 25 wherein
CRlfVal of the azeotropi c m xture of methanol and
met hyl nethacrylate fromthe reaction systemis
started athéreln therfpactioniisccarded out whilomontrotisg th2eBux
'é{ﬁ% h istillation colum has reached from63 to 68C,
%%EE?&‘SF@%? ture of Fheuumermfg stage inthediistiliatibatdotumn
rom 90C, and a tenperature
it o 1T B8 o riPermting ofthe riiidistag imiiie siasilation
coHlBAHT rns of the eratures
Iﬁ norg egﬁ%rﬁéésés@r%réﬁa%g erpReAtISOf é‘egg\’/ﬂ“éﬂagﬁﬂn the
diﬁhllétl%ncélﬂ fl { at, the
t enper at Ires *ﬁp? Re st |t:ouf§% n'h38f'ﬁﬁé?& ﬂm/te&gperatures at
normal tpresstfe\ivhils thé BSnversmn of the alcohol or the phenol is within

the range of 10 to 90%.

2. 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 alcﬁhol or the phenol while
removing by-product methanol as an azeotropic mixture with methyi
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 removal of the azeotropic mixture of methanol and

methyl methacrylate from the reaction system is started after a temperature
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above range, while the conversion of the al cohol or
the phenol is within the range of 10 to 90% 10 3.
The nmethod of producing a methacrylic acid ester
according to claiml or 2, wherein, after the
conversion of the alcohol or the phenol has exceeded
97% by-product nethanol is conpletely renoved as an

of " bsriast Steia todhieitlietan eolomn hes readhedom63 to 68°C,
ol P R S S od o
o M P T BB 0 o e 2500
ha§Y cl'%fd %‘"ﬁ@j@#ﬁﬁgﬁngbfm peampé)raﬁfr%gra? no?rggl the

-rea |on|

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 or 2,

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 methacrylate from the reaction system while controlling
the refiux 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, and the reaction is terminated.
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