; e3exJutjvl6TIJTea PROCESS FOR PRODUCI NG METHYL METHACRYLATE BACKGROUND OF
THE INVENTION Field of the Invention 5 The present invention relates to a

process for producing nmethyl nethacrylate. In particularﬂmmmwmmmmmmm“
invention relatesto a process for producing nmethyl netha i sing
d step of esterifying nmethacrylic acid and/or methacrol ei n Wifshsa net hanol

which is recovered froma catal ytic deconposition 10 of nethyl t-butyl
ether. Description of Related Art Generally, methyl nethacrylate

i ssynt hesi zed by al I hanol in the
presence of an IJRQ%E{(% al yseﬁ{dﬂdéﬁb#l@f% o?gﬁgltses o‘p"lﬁzée production

t hereof are also based on such an esterification reaction. For exanple, the
production process conprises the steps of bringing nethacrylic acid and
met hanol | ct i cation catal yst such as a strongly
acidic cat‘#&%c%% é) r@gﬁ ﬂ%&i 20 themw th each other; and
separatin%‘the resulthﬁﬁ{eactlon m xture by distillation |nto a

hi gh- boi | i &h ‘anpr|5|ng unreacted nethacrylic acid and a
distillate contalnlng met hyl net hacryl ate and water, which are reaction
producs, and ufPEaRFedchEtHEfRItiomeedades tatd ProcEsSedoRRFIHGINg
separated into an oil phase and a water phase. The product, met hyl

met hacryl fedhyils nediageilatom the BAFthAaLar. ThBeuMTEsadd Fsteidn i s
recovered fromthe water phase and is returned to the esterification step,
so that n#eHatels 12 pEesess ToT prRAW g mAkhY ] mefdagryd adecPmstimary | i c
acid is recovered 5 fromthe high-boiling conponent and is also reused in
the est er iaf $tep ioddnestepifyangusthaamider aciAantbar methpeodieingvitat hyl
met hacryl ate may be reduced by recovering the unreacted raw materials,
i.e., netlamelthanglnwhhigbr ki ceaevedredriomemhe ¢atarlybihc ecamm sirdion

returning themto the esterification step
10 of methyl t-butyl ether.

Description of Related Art

-

Generally, methyl methacrylate is synthesized by allowing
methacrylic acid to react with methanol in the presence of an

15 acid catalyst. Industrial processes of the production thereof
are also based on such an esterificationreaction. For example,

the production process comprises the steps of bringing
methacrylicacidandmethanolintocontactwithanesterification
catalyst such as a strongly acidic cation exchange resin to react

20 them with each other; and separating the resulting reaction
mixture by distillation into a high-boiling component mainly
comprising unreacted methacrylic acid and a distillate
containing methyl methacrylate and water, which are reaction
products, and unreacted methanol. The distillate is cooled and

25 is separated into an oil phase and a water phase. The product,
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10 to reuse themas raw materials therein. However, in a case that the

net hanol which is recovered froma production process other than that of
met hyl nethacrylate is reused as it is as a raw material for the
esterification to produce nethyl nethacrylate, the resulting product

(methyl 15 nethacrylate) nay be contaminated with inpurities due to the
inpurities that have been brought together with the reused nethanol.
Therefore, the obtained nethyl nethacrylate usually needs to be purified to
remove the i rifl i o] ry o3l N e t s .ian ec ity of
an additi %‘nea pur%?}z%%%%ég%épggo l%t\bgt%tqﬁg géeltsoedrii g}r{ét |%c'1)Lr:1L oém%’é;i elelgﬁ%f t he
pr oduct, the Q tiQ ost._there | ease, t he ot her hand,
t he recov%%égfgﬁéeﬁ%é;rﬂnoﬁmhﬁ%;% el%exgeacroa\fee 4r%gn?’% @? ﬁ”p%,?s?]fi%sa%t%ng L8
purification. in ance and then be.used as a raw material  for_the

bater {1 caAtTha Bk EREet TRTGRELPR Shelr Ja BB FhR e 24 %A RE5eE ¢ e
purification s conplicated and/or costs a |ot. . As described above, it
s beon. (60 fHE RERSE Mot FoRORTRARERET S04 SASEPHE A0 50k BRIt o
process other than that of nethyl nethacrylate is difficult to be reused as
a raw pat &5°H e PheRaBPiLingcSOMBRNEH thritflicES nBthI TevSKsc i ke

wi thout 5 conplicated and/or costly purification. Therefore, in the

i ndust ri aleshegddsicatiqn séedver &8 THIMENBRANAAY - orhengPstof OBePTRAVGHRG f or

t he production of nethyl methacrylate, depending on the conplexity and the
cost in t et PpEhersylaftethey e 5ednegdnry Fassiveriwefhenereeageed ew
advantages in the reuse thereof , 10 there is alnobst nothing to do except
to use th&aweddfe&rddlvet Hagol. aethangd| apdrmpthacrEddgengidwhfromridsall ts in
| ost of a nmethanol resource. SUMVARY OF THE | NVENTI ON 15 The inventors of
t he presemeaahian ngntuaecandde Winndingd themhte Hdheobpberisficasiaon sfep

nmet hanol for the production of nethyl nethacrylate) even if the nethanol is
a net RAnoltonrestsendhaseads reayovatear falemtheraiduct i on process ot her than
that of nethyl nethacrylate. As a result, the inventors have found that a
20 met hanol whi dlowleasrbeédn accavertdiel ridve netalapoilcwlécbnpssrecaorendd net hyl

t-butyl ether can be reused for the production of nethyl
from a production process other than that of methyl methacrylate

¥
is reused as it is as a raw material for the esterification to
produce methyl methacrylate, the resulting product (methyl
15 methacrylate) may be contaminated with impurities due to the
impurities that have been brought together with the reused
methanol. Therefore, the obtainedmethyl methacrylate usually
needs to be purified to remove the impurities prior to be reused.
This results in the necessity of an additional purification step
20 and the deterioration of a yield of the product, so that the
production cost thereof increases. On the other hand, the
recovered methanol may be separated from the impurities with
purification in advance and then be used as a raw material for

the esterification. In that case, however, there are problems

25 such as the purification is complicated and/or costs a lot.



met hacrylate in a sinple manner. The present invention has been
acconplished on the basis of this finding. By the catal ytic deconposition
of nmethyl t-butyl ether, 25 is provided isobutylene as well as nethanol. By
catal ytic vapor 3 phase oxi dation of isobutylene, are provided

met hacrylic acid and nethacrol ein, each of which can be used as a raw
material for the production of nethylnethacrylate t oget her wi th net hanol

In the present invention, the nethanol recovered fromthe 5 catalytic

deconmposi tion ofsnethykibedUindye! her n%%nbéen%hbwaeéhw e rRIQC) on of
nmet hyl nethacryl ate, which nmeans that all the products produced by t

catal yt i C,fegARASELLBPeLEaPEL o O%lbbﬁlyétf&rbeﬂrcgﬁé‘??eoﬂélecéﬂa‘fﬁl%ﬁta

utilized. e present invention provides a proce or produci ng

met hy t”eé tﬂe@h@et{é& {2£€3s dREPLc %fgotﬂée %’5%9& a¥ld ré{v)ma(dc%‘r)%ﬁ‘”i ng

met hyl alrn-an 1'so ene an met hano
i di zi th but t bt t I
et hacr v FEVGENE SR TR HaRTRIE Rrfho snﬁrﬁetr‘l’?f ORI TRk one
d | ected f th th d th I wi.th th
et harbl CBMBLOGALE S ARG GRA T YNE L CARLORr ooBRECFROERY | OF ARG

provi des an a ara us for oduci n th net hacryl ate, the apparatus
ot | o nyPIRaF LA BEPGPSPor Lha: BEGPTEE ol CURLRRNEL RO etdR InE B o

ether to obtain a reaction m xture containing an i sobutylene and a

met hanol , u(‘B)u?@Saf'%FlW rPEéWélcft&or’SQSa‘P%F‘Pﬁgtr??eﬂ?%%]t nSEDERAITY t he

reacti on m xture, recovery neans f or recoverln t he net hano
fromthe PBIOE ‘E)‘Pf“ﬁ’l%‘?(’fhﬁé?nd thecostinthepurificationof therecovered

methanol. When there are few advantages in the reuse thereof,
10 thereis almostnothingto doexcept touse the recoveredmethanol
as a fuel for heat recovery, which results in lost of a methanol

resource.

SUMMARY OF THE INVENTION
15 The inventors of the present invention have made studied
with the object of reuse of methanol for the production of methyl
methacrylate, even if the methanol is a methanol which has been
recovered from a production process other than that of methyl
methacrylate. As a result, the inventors have found that a
20 methanol which has been recovered from catalytic decomposition
of methyl t-butyl ether can be reused for the production of methyl
methacrylate in a simple manner. The present invention has been
accomplished on the basis of this finding.
By the catalytic decomposition of methyl t-butyl ether,

256 is provided isobutylene as well as methanol. Bycatalytic vapor



(d) a reactor for oxidation of the isobutylene to obtain at |east one
conpound sel ected froma nethacrylic acid and a 5 nethacrolein and (e) a
reactor for esterification of at |east one conpound selected fromthe
met hacrylic acid and the nethacrolein with the nethanol. 10 BRI EF

DESCRI PTION OF DRAWNGS Fig. 1 is a flowdiagramillustrating a step of
recovering nmethanol froma reaction m xture obtained by catalytic v
deconposition of nmethyl t-butyl ether. 15 DETAILED DESCRI PTI ON OF THE

process. cOBASERAY ?Eé%&gvsﬁéﬂ@%@f{(}%&%‘%o B R A LU

bt but yl d h | 0 di th but yl t
bt ain af airiﬂ‘;g&‘é%ﬁ%@??&%ﬁguﬁaasé B8 Vo e meC e pPa S TR o pre'ts

net hacr ol ej n &III esterif eas ound ele ed fromthe
ot hacr vl AOLGPERTLEEASTRE R %’131‘%% A teleEad Eﬁsrzﬂﬁ R8%h the
nmet hanol obt ained in step g_l % roduce a net g net hacrfyl ate The
catal yti c decoMpoRFereRtof ﬁ}P t- ey Mt iR ]anHeFﬂeeEﬁflal
phase oxidation of the isobutylene are not linmted and may be conduct ed in
a knowA M%YW%GGCPHEO?)lEé?EMffi“é’éllei‘arF'd?urtﬁﬂeeﬁﬁﬁﬁé‘cq’rypﬁdlfa’é@%d/ or
the nmethacrolein is not limted and éhbe conducted in a known manner as
| ong as tHeé Fbenprefuebten afepethymh neehaRkEbhpbei tWkrbmegashyhat -k yI
ether is utilized. The esterification may be conducted in the presence of
an est eri fieapreodueisapyeduced hyatharcald Wy e decompasiidicaxefiamgfdhylesi n so
as to provide nethyl nethacrylate in a high yield. The process of the
present i rvénttiydn etherf warhdre edfiedisiered studpllgfzegbpar at i ng t he i sobut yl ene
fromthe deconposition reaction mxture prior to the oxidation step of the
i sobut yl ene. 15 Thier poresentt havpnbiesspodvifespa epente s nvieor iprpdyindnpri se
a step of recovering anethanol fromthe remaining m xture obtai ned after
t he sdpar a immthyfl mehautyitatieendhepmmoceass tdmmprising the steps of:
(i) decomposing methyl t-butyl ether to obtain an
isobutylene and a methanol,
(ii) oxidizing the isobutylene to obtain at least one
compound selected from a methacrylic acid and a methacrolein
15 and,
(iii) esterifying at least one compound selected from
the methacrylic acid and the methacrolein with the methanol to
produce a methyl methacrylate.
The present invention also provides an apparatus for
20 producing a methyl methacrylate, the apparatus comprising:
(a) a reactor for catalytic decomposition of methyl
t-butyl ether to obtain a reaction mixture containing an
isobutylene and a methanol,

(b) separationmeans for separating the isobutylene from

25 the reaction mixture,



esterification step. The recovered nethanol may contain at |east one
conpound 20 selected fromt-butyl alcohol, water and nethyl t-butyl ether.
Al so, the recovered nethanol preferably contains 95 ~ by wei ght or nore of
met hanol based on the recovered nmethanol. The recovered nethanol may be
utilized as it is for esterification step, or may be utilized after
purified. By 25 conducting the purification step of the recovered nethanol,
6 met hyl nethacrylate with an extrenely slight anount of inpurities can

be produced easjly. The purified nethanol may. contain out .95 o wei ght

or nore, prefer Lﬁyy Ié%%%\f)e%mf‘aﬁf”&gfgﬁﬁc%‘fe%ﬂ%%ﬂ%wggg?gﬁré’ﬁ?’?%egg. 8 ~

by weight or mpre and nost preferably 99.9 ~ by weight or nore, of nethanol
o]

based on TRECHAPPT MEFtHEPhanol . Specifically, the recovered nethanol and/ or
the purified ' pethanol may be any conponent selected fromthe follow ng

conponents (1) £8)(1a/eagdor $o3 oxidghdonent thitad SeERLILRECHR PP TGID by
wei ght or nore of nethanol based on the conponent (1) and further contains
t-butyl aPéohBpStweRercepeowRehsslectrd irem emethgqrylic @shigbmayt athat is
obt ai ned by separating nethyl t-butyl ether fromconponent ( | ) and
cont aihs medbacygslepp @vidght 15 or nore, preferably about 98 ~ by weight or
nore, of nethanol based on the conponent (Il1); ( Ill ) a conponent that is
obt ai ned by sepheat iangeachoryfomesbholfindtianaf atdmasinpoasempound) and
cont ai ns about 95~ by wei ght or nore, preferablyabout98~bywei ghtornore, of
met hanol 2@lbated fHnomhtheonpbimertylidigcid |and & heomediauraledm wi tbbt ai ned
by separating t-butyl alcohol, water and nethyl t-butyl ether from
conponent thel mptandodont ai ns about 990 by wei ght, preferably 99.8 ~ by
wei ght or nore and nore preferably 99.9 % by weight or nore of methanol 25
based on the conmponent (1V). 7
10 BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a flow diagram illustrating a step of recovering
methanol from a reaction mixture obtained by catalytic

decomposition of methyl t-butyl ether.

15 DETAILED DESCRIPTION OF THE INVENTION
Inthepresentinvention, amethylmethacrylate isproduced
in a process comprising the steps of:
(1) decomposing methyl t-butyl ether to obtain an
isobutylene and a methanol,

20 (ii) oxidizing the isobutylene to obtain at least one
compound selected from a methacrylic acid and a methacrolein
and,

(1iii) esterifying at least one compound selected from
the methacrylic acid and the methacrolein obtained in step (ii)

25 with the methanol obtained in step (i) to produce a methyl



Component ( IV) may contain about 10 ppm by wei ght or |less of t-butyl

al cohol and/or about 10 ppm by wei ght or |less of nethyl t-butyl ether. The
separation of the isobutylene, the recovery of the 5 nmethanol and the
purification of the recovered nethanol may be conducted in a known nethod
such as distillation, |ayer separation(for

exanpl e, pervapor ati on) andsol ventextracti on. Anong them distillation is
preferred. The present invention further provides an apparatus for 10

pr oduci ng thacryl ate, the apparatus conprising: (a) a reactor
for catal I&?F@g%gﬁgﬁp@éiti on of nmethyl t-butyl ether to obtain a reaction

m xture containing an isqhutyl ene and .a nethano b) se atj.on neans for
separati ng then#%%bﬁ%ﬁ%ﬁtel? )rggrﬁofg)otsﬁetlro@a(??i IB%LWit%?%‘,J%?{ cet)herreé ery
means for recoverjng. the nmethanol fromihe remjninp i Xture obtained after
the separ SPFGFR GHLY TS VeBBG: GRERE, OTIHLIOR AR bRer bYoBRF HLERBIFRA Pfe

i sobutyl ene to gbtain 20 at | east one conpound sel ected froma nethacrylic
aci d and a1RtERdcPrBlelMiYai® (CoPductedath of KBPWBsMELtRPAcat AdfCef thE | east
one conmpound sel ected fromthe nethacrY!ic acid and the nethacrolein with

t he met hafidferdfigptierRfethepatiRa¢relic aciKeangd( aandre ReEhAgralein
concentration 8 of 95 ~ by weight nay be obtained. Specifically, the
above deséfipel tHel kst may pe| cpnductey) ingy Hrowbtmannar B Aesdvery
means (c). The conmponents (I) - (I1V) may be utilized as the nethanol in the
react or (@¥. tBevmerhgapdyireaovegad|fran i therdeeenpodithonhefapgihaius of

the present invention, nmethyl nmethacrylate with high purity alnost free
from i nputirbueyledhegelsmtdilia®dand Theee cierifipation may be conducted

in the presence of an esterification catalyst such as an acid
10 or a cation exchange resin so as to provide methyl methacrylate
in a high yield.
The process of the present invention may further comprise
a step of separating the isobutylene from the decomposition
reaction mixture prior to the oxidation step of the isobutylene.
15 Moreover, the process of the present invention may comprise a
step of recovering amethanol fromthe remainingmixture obtained
after the separation of the isobutylene, prior to the
esterification step.
The recovered methanol may contain at least one compound
20 selected from t-butyl alcohol, water and methyl t-butyl ether.
Also, the recovered methanol preferably contains 95 % by weight
or more of methanol based on the recovered methanol.
The recovered methanol may be utilized as it is for
esterification step, or may be utilized after purified. By

25 conducting the purification step of the recovered methanol,



the production may be very low Wth reference to Fig . 1, a recovery of
net hanol in the 10 preset invention nay be described as bel ow, which should
not be construed as a |limtation upon the scope of the present invention.
Fig. 1is aflowdiagramillustrating a step in which F nethanol is
recovered froma reaction nixture obtained by the catal ytic deconposition
of nmethyl t-butyl ether. 15 The nethanol to be recovered in Fig . 1 is
produced in the catalytic deconposition of nethyl t- butyI ether The

catal ytic_deco S Qn of, et I 152081 QY obutylene
W thou aﬂﬁérf%%w %acm%atet%l%esﬁp A L P Re R o R a1
nmet hanol , iso t.- but al cohol mater and 20 unreacted nmet hyl
t-butyl efRBr Ss Echg e?&ﬁ&?Ylene It is preferred that , from the
reaction m xture % the is Hf%lene i s separated flrst and then the net hanol
i s separated ang® eB‘d’&?sf?aﬁ Eh?’é‘aﬁ\ﬂg?ﬁdcﬂ%?ﬂéﬁo? Ut st PrI e T

material for esterification. 25 In Fi , methyl t -butyl ether is

suppl i ed Pﬁr“tﬂfgeh REERGFadly ghahif 99-%8Hé733§}btpf’§ Nq%ife MeTrepReianably
t-butyl ether is catalytically deconposed in reactor 1 (reactor for

catal Yt i co8e8ohpd%i et & STA ANE Meatt PEATATAPLYedPclt BIBN iweight
deconposition step). The reaction mxture is then supplied to 5 isobutyl ene
separ at i oArcHPEAn 2f( mesbanyile hasedp gnattihen prddded medlgnadat al yti c
deconposition reaction product supply line 12. In isobutyl ene separation
colum 2 , the Ppacifdnallyt wthe recovpaedinethanel anfd/ogt thewudifliiedy
(l'ight) conponent 10 conprising isobutylene and a first high-boiling
(‘heavy) coeapbarpl owyprbsi agy meochaoolent- maldctdd ofivdm wheerf cdidwistchy| f
t-butyl ether (isobutylene separation step). The conmponent conpri sing

i sobut yl enempapebgsdi(3gh&pgédViirom i sobut yl ene separati on colum 2 through
i sobutyl ene drain line 13 , followed 15 by being oxidized to produce a

met hatd yl i ¢ aci (I arltompanent that contains about 95% by weight or more

of methanol based on the component (I) and further contains

t-butyl alcohol, water and methyl t-butyl ether;

&l

(IT) a component that is obtained by separating methyl

t-butyl ether from component (I) and contains about 95% by weight
15 or more, preferably about 98 % by weight or more, of methanol
based on the component (II):

(III) a component that is obtained by separating t-butyl
alcohol and water from component (I) and contains about 95% by
weight ormore, preferablyabout 98 $byweight ormore, of methanol

20 based on the component (III):

(IV) a component that is obtained by separating t-butyl
alcohol, water and methyl t~-butyl ether from component (I) and
contains about 99% by weight, preferably 99.8 % by weight or
more and more preferably 99.9 % by weight or more of methanol

25 Dbased on the component (IV).



met hacrol ein. The first high-boiling (heavy) conponent is supplied to

nmet hanol recovery colum 3 (nethanol recovery neans) through first

hi gh-boi | i ng conponent supply line 14 (methanol recovery 20 step) . In

met hanol recovery colum 3, the first high-boiling (heavy) conponent is
separated into a second lowboiling ( Iight ) conponent containing nethanol
and nethyl t-butyl ether and a second high-boiling (heavy) conponent
cont ai ni ng met hanol, t-butyl alcohol and water. 25 The second | ow boiling
conponent is co ) dw hy = but [ y tain
95 % by wei ght crﬁoq’r{?oorq%tno (frrg?ﬁ% olcogg?é' %%g?ﬁg%ggﬁlylwoeﬁ% E?nbggg
conmponent . The l, 1 5but i PNk S I boi | j ng
conmponent onfag nggéﬁc&h%gp%#%f Eég%%f%ﬁﬁfbpﬁgﬂ gﬁipﬁgnqercngglgﬁill‘)%\rlrﬁe ﬁlla%erl ate,
5 which is ﬁge‘%er]ﬁt%g} after the esterification of nmethacrylic acid and/or
met hacr ol ef TP W% %anol . Therefore, the second | ow boil i ng ( light )
conponent nmay be _used as a .nmethan for the ' esterjfication as it _is. For
exanpl e, the seggﬁﬂspéﬁﬁ¥ﬁﬁﬁqnn§ cg onéf ugglﬂpgchgbﬁeﬁe??BﬁF¥e€Bthe

| ow- boi | i ng conponent. drain 10 |ine 15a and is used for the esterification
with tRe MAHMAI AEdaERe RN GHCR P HOEhERE FHRF WV S XA (M PGM¥0dr MRENRE t he
second hi gh-boi ling conmponent may be di scharged through _second high-boiling
conponent Urtedheins.a FEROPPodIRIMRL nEER Fot RdStydedioant ol &VeE a
smal l er 15 anmount of inpurities, it is preferred to purify the second

| ow boi | i riPRAT3 AN | feERHFSARHE  RIBFIPITRL 2R bapfisedivient X Erabier- t o
remove the nmethyl t-butyl ether contained therein. In such a preferable
case , themerdrdhebwdBtikption gt preffpistent is supplied to

met hanol - purifying distillation colum 4 20 (nethanol purification nmeans)

t hrough second &% Psesend ébvipohéan Swpfher INuevides R ApPARALRSpLeF fyi ng
distillation colum 4, the second | ow boiling conponent nmay be separated by
di sti |10at ipreduning a methybvrdididdriglgte ghthe capprrtis cermpy k% irg net hanol
and nethyl t-butyl ether and a third 25 high-boiling (heavy) conponent
conprising 99. 8 (®) weiaghteagftorl for catalytic decomposition of methyl

t-butyl ether to obtain a reaction mixture containing an

e (3

isobutylene and a methanol,
(b) separationmeans for separating the isobutylene from
15 the reaction mixture,

(c) recovery means for recovering the methanol f£from the
remaining mixture obtained after the separation of the
isobutylene,

(d) a reactor for oxidation of the isobutylene to obtain

20 at least one compound selected from a methacrylic acid and a
methacrolein and

(e) areactor foresterification of at least one compound
selected from the methacrylic acid and the methacrolein with
the methanol.

25 By recoverymeans (c), themethanol having a concentration



met hanol based on the third hi gh-boiling(heavy)conponent. The third

hi gh-boi l i ng (heavy) conponent may be used for the esterification as it is.
For exanple, the third high-boiling conponent is discharged fronthird

hi gh-boi Il i ng conmponent drain 5 line 17a and is used for the esterification
with the nethacrylic acid and/or the nethacrolein. The third | ow boiling
conponent nay be discharged fromthird | ow boiling conponent drain |ine
18. The third high boi l i ng (heavy) conponent nay be 10 contam nated with

traces of g 3%19\%?. n 2L £ o1, 511{ &J:Lef %%;mvtehe SHeftre

contanlnants by pu lon to a net ano a very urity before

l X f bl
che, e ne AR AR o 3I§St%rfvz;'n IR e
net hanol - %urlfy

conponent 8886|3n9|22§§%||$%b§£?ﬁ FPbﬁézrifgi %% I%ITﬁﬁi&??é&ﬂ?&#ﬁﬂ

purification, neans the third h- boi I i ng( heavy) conponent i ssepar at ed by
distillatW&ﬁhﬁﬁpg &%o&PFhF@ﬁﬂ&?q Rﬁg(light)conponentconprisin999 9~by

wei ght _ 20 or nore of methanol and a fourth high-baoiling (. heavy conponent
conpri&ing t - bubhEnANeERBE @ﬁﬁp%ﬁﬁ¥%at%N%§1PFH%“F@GrWhtgoﬁp?mﬂREQE?Ruﬁ| ght )
conponent is used for the esterification, a nethyl nethacrylate containing
an ext r enBEytRe RFRSeHp ARV et IPRpURE tRES W%Hﬂ%ﬁ Wédh high rurity
apreferable case , the fourth 25 | ow boiljing conponent is discharged
t hrough f 84MPRtI §REBofFPRgiNPUTriEdppofient ParebPhainge and athe ieosis&PH or
esterification. On the other hand, the fourth high-boiling conponent is
dlscharge@hﬁhpéeéﬁcﬁéﬁptWaﬁ'@W-MQHY'dgmbonponent drain line 20. In the
met hod of recovering nethanol which is described 5 above with reference to
Fig. 1, t-butylWatBohefenaacenterFige Femvregovenyeastvethendy|in -the yl
ether is then renoved; and then again t-butyl alcohol and water are
renovédl, poesstt danvensien mad pearfegcrhbedeasapeloworwhieh exhiarlid ingdt i on.
The order of the renoval of these inpurities in the nethanol recovery/ 10
puri fi cat bencoasiaeds afmta rbbritatten t gpohethbovecopes ofi e qrukerentThe
order may be changed and any renoval step may be r omtted. The conponents
(1) ' -ieveution.prBsgntleds bef bow dapgiremusklh sisrat img hastodp fomwHiloh
ésterification. 15 ( I ) ' A conmponent that contains about 95~ by wei ght or
nore of maelthaoblbisedeocovehed congo e meacit)i'onamdxturehebtabnédi g thebut yl
al cohol, water and nethyl t-butyl ether. ( I I ) ' A conponent that is
obt ai ned bptasdgaisat degomplosylt itonbwify medhlyar tf-barhydormmreent ( | ) ' and
cont ai ns about 95~ by wei ght

15 The methanol to be recovered in Fig. 1 is produced in the

catalytic decomposition of methyl t-butyl ether. The catalytic
decomposition of methyl t-butyl ether can provide an isobutylene
without any problem, while the decomposition reaction mixture
may contain methanol, isobutylene, t-butyl alcohol, water and

20 unreacted methyl t-butyl ether as well as isobutylene. It is
preferred that, from the reaction mixture, the isobutylene is
separated first and then the methanol is separated and recovered.
The recovered methanol is reused as a raw material for
esterification.

25 InFig. 1, methyl t-butyl ether is supplied through methyl



20 or nore, preferably about 98 ~ by weight or nore, of nethanol based on
the conmponent (I1)'. ( I'll ) ' A conponent that is obtained by separating
t-butyl al cohol and water from conponent (1)' and contains about 95~ by

wei ght or nore, preferably about 98 % by weight or nore, of 25 nethanol
based on the conmponent (I111)" 13 ( 1V) ' A conponent that is obtained by
separating t-butyl alcohol, water and nethyl t-butyl ether from conponent (
| ) ' and contains about 99~ by weight, preferably 99.8 % by wei ght or nore
and nmore prefgrahlef ndY Lupy VB 1PT "PRE Ak tARENANY ¢ 1b%5§fk 14 he
conponentE(Ib)&a A nethaé%?ﬁ%% acid and a nethac?glein) egbh 0 dﬁ?ﬁ IS
anot her r ri.al UGkl h C . be

bt ai ned FaaIYRdea 4y BegofpRE R th FaCkolmh hEoRELOPCEN e s

i sobutyl ene and/ or. .t.- byt yl__al .. 10 | lene ¢ e obtained b
deconposipFS%“@Psﬁéfﬁ§ﬂ tFBUt§Bg§#Herg T%§g§% %§05§+$€u€%icfé§§#%?tlg

met hacrol ei n may he .obtajned in.a knowp .nethod, by catalytic _vapor .phase

oxi dat | on G6F TPEGHLOR SEREY - anior SPSTHTERER T RF SoLS 290 RUBPIFPE SEI d may
be obtained in. a_known nethod by catal ytic vapor. phase oxidation 15 of

ot hach of SR SRR RoPS5a LER fo L L1t e R BEp8aGhon Tedhabr yi i ¢
acid and/or a nethacrolein with a nmethanol, an_esterification catalyst such
as an aci dREQYIR CatPINTtdLcASRERPPEL A R CBELLSBIPTRARFE SWPRLY ol 11§ ongl y
aci dic cation exchange resin is used. Exanples of 20 the strongly acidic
cati on exdiange resin include a porous strongly acidic cation exchange
resin, for exan&le) DUCLI TE C-26CH (nmanufactured by Sum tono Chem cal Co.
Ltd.). The esteFPfiTARIEALPRSG S¢P TR COLLMD S| ﬁéleargéﬁ‘:ﬁéﬁﬁéﬁl’b‘éﬁf%r
fixed bed, in a liquid phase at a tenperature of from 25 about 70 Cto
about 120iE .seppbRyAdr iiAH9 oA iHkF Bt downppiddnms (light) component

10 comprising isobutylene and a first high-boiling (heavy)

component comprisingmethanol, t-butylalcohol, waterandmethyl
t-butyl ether (isobutylene separation step). The component
comprising isobutylene may be discharged from isobutylene
separation column 2 through isobutylene drain line 13, followed

15 by being oxidized to produce a methacrylic acid and/or a
methacrolein.

The first high-boiling (heavy) component is supplied to
methanol recovery column 3 (methanol recovery means) through
first high-boiling component supply line 14 (methanol recovery

20 step). In methanol recovery column 3, the first high-boiling
(heavy) component is separated into a second low-boiling (1light)
component containing methanol and methyl t-butyl ether and a
second high-boiling (heavy) component containing methanol,
t-butyl alcohol and water.

25 The second low-boiling component is contaminated with

10



added to the esterification mxture. The polynerization inhibitor to be
added may be conventionally known pol ynerization inhibitor. Exanples of the
pol ymeri zati on i nhibitor include hydroqui none, phenothiazi ne and

met hoqui none. 5 The resulting product obtained in the esterification my be
purified by distillation in a conventional manner. That is, the
esterification m xture may be separated by distillation into a distillate
conpri sing methyl nethacrylate and mater, both of which are generated by

h fi d
e ?&gﬁﬁﬁéga&%% BB pe 1
distillat t t h d t ft
ot at g e b sepayaten) %ﬁgoa -*ﬁgﬁ%&?&oﬁo“r?e PR
RN L S L RN - A R

esterification step and be reused . Cn the other hand t he hi gh-boiling
conponentbﬁa9aﬁélYeﬂeB%Eﬂt?%lﬂh§1é§ﬂéﬁﬁﬁﬂéﬁk?SHm§P%Eh$§ pethacrptate,
preferably fed back after recovering the nmethacrylic acid contained therein
by di sbi | WRdichnis menesatescef bed tél?o?éter#ﬁécﬁ?:é?érﬂf PRFBACTEALFraRdde a
process for producing nmethyl nethacrylate in which a nethanol obtained by
cat al yt i c&nidy ofeceeipoacreledn hyith- mathanalher Thensédreogdhifersegand a
methacrylic acid and/or a methacrolein. The nethacrylic acid and/or the
met hacr ol diow -l Yiaobilaphtd e endt mayt bealdad ascameddianplnEehythe - but yl
ether, followed by the 15 catal yti c vapor phase oxidation of the
resul ti ng eddeahfdsiatiion psotiticts . Th@mpesempd-ei.nthhespeerdntow rvahtinm
successfully results in effective use of nethanol resources. The invention
bei ng t husodesaeinieds ditsohiarigedef appaesondslewradtoi hing aoppoagniyedneain ed i n
many ways. Such variations are to be regarded as within the spirit and
scopelof tlhime hfemrnidons wred Adt thecastedificationsvish whelmke treaapparent to
one skilled in the art are intended to be within the scope of the foll ow ng
clainms. acid and/or the methacrolein. On the other hand, the second
high-boiling component may be discharged through second
high-boiling component drain line 16.
For producing methyl methacrylate containing a smaller
15 amount of impurities, it is preferred to purify the second
low-boiling (light) component before the esterification step
so as to remove the methyl t-butyl ether contained therein. 1In
such a preferable case, the second low-boiling (1light) component
is supplied to methanol-purifying distillation column 4
20 (methanol purification means) through second 1low-boiling
component supply line 15. In methanol-purifying distillation
column 4, the second low-boiling component may be separated by
distillation into a third low-boiling (light) component

comprising methanol and methyl t-butyl ether and a third

25 high-boiling (heavy) component comprising 99.8% by weight of

11



10 The entire disclosure of the Japanese Patent Application No. 2001-135628
filed on May 2, 2001 and the Japanese Patent Application No. 2001-288771
filed on Septenber 21, 2001, both indicating specification, clainms,

drawi ngs and summary, are incorporated herein by reference in their
entirety. 15 The present invention is described in nore detail by follow ng
Exanpl es , which should not be construed as a limtation upon the scope of
the present invention. Exanple 1 20 The catalytically deconposition of

met hyl t- Byl nef}lhtﬁésg\@%n 9r8}1&&g§iaﬁb%‘1tﬁ' o3 @unéafxn?ﬁ LBRADBRERY! © e

cont ai ning 180 ene an ano € feac ure“was separa ed by
distillati to.a firs g Qi .l 1\ng.co ent firs ling
conponenttSWﬂ%Pf?+§? R?b%lﬁ%lﬂh% V?Bnﬁﬁﬂ@%xl ﬁ%% g%%é 5? {kﬁ
distillation into a_.second high-Dboi 0 co
o bot I i ST d5Ra %% aaamp&ge cgﬁﬁ PR F bRt S 9000 by
wei ght of nethanol 9% b ht o neth t-but ether, 0. 09% by
wei gt of SOTRRAR & SHAChakelrel S ouetty Tk L - Br L 1Re CoRBRBSRE AR WY
small 5 amount _of water . A distillation deV|ce mai nl y made of gl ass was
prepar d. iR 47&@3nd éF|W‘H§9FC"§‘?\§&tﬁréllf%FF‘fcFSPl"b’ﬂtr&:iSF‘Grﬁ‘\et}éP"ZrIngcF ass
flask ( connected to the colum at its botton) and a condenser (connected
to the colag#hf andiex thppeddsicredadin:-h Waedhirthéovobaiding RMRARE®E umMm
was a cylindrical glass colum (inner dianmeter: 30 nm) which was acked
with a D lesoRep8érRFhgrarthfromi Bretd oy beidhndocampenght érainoline ( so
that the theoretical plate nunber is 23). Using the distillation device,
met hyl t-Bdyl ether was renoved by distillation fromthe second 15
| ow boi | i ng conponent as follows. The operating pressure was set to
at nospheri c pr eSher e tihdmidhg hilgh -dicsitliinant i Greavidat igyrrdnearie diay i Ibeati on
colum was carried out by heating the bottomof the flask with an oil bath.
The sé@onddrdantigidtiedy widipsweseswat supptyedlaolwk @ngl water. It is
possible to remove these contaminants by purification to a
methanolwithaveryhighpuritybeforeutilized asarawmaterial
for the esterification. In such a preferable case, the third
high-boiling (heavy) component is supplied to
15 methanol-purifying distillation column 5 through third
high-boiling component supply line 17. In methanol
distillation column 5 (methanol purification means), the third
high-boiling (heavy) component is separatedbydistillationinto
afourthlow-boiling (light) component comprising99.9%byweight
20 or more of methanol and a fourth high-boiling (heavy) component
comprising t-butyl alcohol and water. When the fourth
low-boiling (light) component is used for the esterification,
a methyl methacrylate containing an extremely slight amount of

impuritiescanbeobtained. Insuchapreferablecase, the fourth

25 low-boiling component is discharged through fourth low-boiling

12



20 of 1200 g/h to the distillation colum . A part of the distillate
condensed in the top condenser was drained at a rate of 6 g/h and the whol e
amount of the remainder was fed back to the distillation colum. The inert
conponents, which were not condensed in the condenser, were discharged from
the device at 25 a rate of 29 g/h in the formof vent gas. The bottom
liquid 17 was drained fromthe flask at a rate of 1165 g/h and the air
was supplied to the bottomof the colum at a rate of 300 m/h. Wen the
conoent atisnohe M| 15nBULY lard ETAflcbe V- EEOROLOAT Bl k"

obt ai ned ron1the flask becane 2 ppmor less 5 and O

respectiv t e a t t S he
tempor at L SheF Rl PRE Tk phEC R ROR I Ph ngégé‘%‘?‘ﬂ’é sgécﬁaggeh

met hanol r e of r e sk .was 99.8 by
weight. 1 %é&ﬁ% ESEQE% lgﬁ b§5§§99| éﬂ%&ﬁ%eglgghgg &éé% 50 n"Exanple 1 was
prepared except acki n w th t.er of, 3 _mMm wa acked
P Ehe di ot i 11 0% dine B 82 PREPERTLEs Mefhandt Wil ethde pRECFBsRot | cal
pl at e _nunber |s t he dlst |l ation 15 device t he net hanol in
Phe afal na?oY‘Fn"Pdﬂh ST g S Bfonbnc s 1S E RIERPEE A BRsrReaL Y
Exanple 1 wa Ul’lfled by as follows .. The third hlg:I boi I i ng conponent was
suppl i ed ’é?m%v aRFeaoted methyt e Ritsth 19tsTod S fhgin remogedti PRYt e
condensed in the top condenser _was drained at a rate_of 318.5 g/h and the
20 remai ntRe GOR Ry} pAcehRASNd iR bR REEF AV sEPASEP BRCE¥REM. The
rate of discharging the bottom|liquid fromthe flask was set to 6. 5 g/h
and a rat@SPEHRY ity Mefdagiol \fPErﬁ}E‘ﬁee%’bﬁlfb’Fﬂ%?t%Wé cHhfmerdes et to
the same as in Exanple 1. Wen the concentrations of nmethyl t-butyl ether
and t - butire aFeBRYRL Rf25these siTPraLEisecane theyphebharelsragaverypm

respectively) the 18 tenperature at the top of the colum was 64.5C, the
t enpdfat uperification method is not restricted to the above-described

order. The order may be changed and any removal step may be

omitted.

~ay

The components (I)' -~ (IV)' presented below may be used
as a methanol for the esterification.

15 (I)' A component that contains about 95% by weight or more
of methanol based on the component (I)’ and further contains
t-butyl alcohol, water and methyl t-butyl ether.

(II)' A component that is obtained by separating methyl
t-butyl ether fromcomponent (I)’' andcontains about 95% byweight

20 or more, preferably about 98 % by weight or more, of methanol
based on the component (II)'

(III)' A component that is obtained by separating t-butyl
alcohol and water from component (I)' and contains about 95%
by weight or more, preferably about 98 % by weight or more, of

25 methanol based on the component (III)’

13



of the bottomliquid in the flask was 68.5C, and the nethanol concentration
in the distillate was 99. 9% by wei ght. Production of nethyl nethacrylate
was carried out by 5 performng an esterification of the nethanol obtained
above as the distillate with a methacrylic acid reagent (special grade,
manuf actured by Wko Pure Chem cal Industries, Ltd.). ' Specifically, the
esterification was carried out as follows. A solution conprising 20~ by

wei ght of the nmethanol 10 obtai ned above as the distillate and 80~ by

wei ght of the t hacrylic acid reagent wasprepared. Al so,afixed bed_reactor
made of 304SS a%])na@‘i ﬁ@mﬁﬂnﬁﬂﬁﬁlqg‘hﬁérom:gﬁﬁ grb%ﬁﬁpﬁé@%ﬂq k-Retyht was
prepared. The fixed bed was packed with an ion exchange resin DUOLITE

( manuf act3eRPDY. FFherofBd @rdhycal -Bytyise ther Froqm qomeenert1(Iat 3nén

catal yst. The solution of the nethanol and the nethacrylic acid reagent was
suppl i ed eRR1IRHaRREEARe Rf Wi, Dhaferabd h &% -dmiob ¥t Weighkedrbed
reactor to conduct the esterification, while nmaintaining the reactor at a

t enper at IN@refargb @orehdredeyabilyg9Pelcti by Waighic tomvawre ofumethatoby
distillation to obtain a nethyl nethacrylate. The conversion of methacrylic
aci d o neasyd omtthergompenemt (¥ 47~ to 48~. The concentrations of
inpurities contained in the nethyl nethacrylate were obtai ned by gas

chr omat ogr aphi & anredihairy 1l iwhiach daapdsacwethaciabeen 1. edth ¥ whGehpasati ve
Exanpl e 1 The sane process as in Exanple 2 was carried out except that,

i nst ead odndtieenetvanatenba hifeedthe prodydte o af netthydi méthhatglasge,
speci al - grade net hanol (manufactured by Wko Pure 5 Chem cal Industries,
Ltd.) wasnasseilet obbhiaed annat kylowientetthiod aie. cdtelgolwevapon phase

met hacrylic acid to nethyl nethacrylate was from47~ to 48~. The

concent r adxddst Dén' bFpUthil ed sowuityilee® | randkoret bybutel haalygbhbe. wer e
obt ai ned by gas chronmat ographi c anal ysis, which are shown in Table 1. 10
The resultsoputyedhe chrshevwbt@inedpyae8gmpobEth3AWE methyl t-butyl

ether. The methacrylic acid and a methacrolein may be obtained

in a known method by catalytic vapor phase oxidation of t-butyl

alcohol and/or isobutene. Also, a methacrylic acid may be

obtained in a known method by catalytic vapor phase oxidation
15 of methacrolein or isobutyl aldehyde.

For the esterification of a methacrylic acid and/or a
methacrolein with a methanol, an esterification catalyst such
as an acid and a cation exchange resin may be used. Preferabdbly,
a strongly acidic cation exchange resin is used. Examples of

20 the strongly acidic cation exchange resin include a porous
strongly acidic cation exchange resin, for example, DUOLITE
C-26CH (manufactured by Sumitomo Chemical Co., Ltd.).

The esterification may be carried out, using a suspended

bed or fixed bed, in a liguid phase at a temperature of from

25 about 70 °C to about 120 °C. A polymerization inhibitor may be

14



recovered and purified fromthe catal ytic deconposition of methyl t-butyl
et her, the sane grade of nethyl nethacrylate which contains a slight anpunt
of inmpurities was obtained as that obtained using the special -grade

met hanol reagent. 15 Table 1

| mpuritieslsobutyl enet - Butyl Met hyl Met hyl (~) al cohol t - butyl t-butyl (~)ether
(~) et her Exanpl e 1<0. 0001<0. 0002<0. 0002<0. 0002Conpar at i veExanpl e

1<00001<0. 0002<0. 0002<0. 0002 20 WHAT IS CLAIMED I'S: 1. A process for
producing a nethyl methacrylate, the process conprising the steps of: (i)
deconposiddfiefet k9l theueglesirdcatdophiirtere 5 | Jout Ppéreerhgabiant hanol
(i1) oxidizing the isobutylene to obtain at |east one conpound sel ected
from a neiriEdritox tadiejaddegd mayhhgonveakaonadpy Krawn pesyeerfgahgont | east
one conpound selected from 10 the nethacrylic acid and the nethacrol ein
with the irdtianodr ¢ o Exaogics @afmtheypoipnbategtdbe. ighibIherpinciege
according to claiml1, further conprising a step of separating the

i sobut yl engirfaqumiridree deplosmpotihianine eaed innetmogtimengri or to the oxidation
step of the isobutylene. 15 3 . The process according to claim2 , further
conprbsi ng a stiye eksntcaver phgdacteibtaicled Ltanlid e sterdfiicad ivnhaye

obt ai ned after the separation of the isobutylene, prior to the

esterifi asd pariFtied by diBta raacessinccostdiragtionallahdnPer Wnangithishe 20
recovered nethanol has a 95 ~ by weight or nore of nethanol based on the
recover eccHebbeael £andt&onhalurdl mapde! s iter LesRBy L el erd b 198t - but
al cohol, water and nethyl t-butyl ether. 5 . The process according to claim

3, furtheyiceanlateN8ompel 8Pngimdthy 1 Yeh® alche 1RE0HRH 66 8t haReh 025 6.
The process according to claim5, wherein the 21 purified nethanol

cont ai ns by a P8 genBY-atRGHY t9E e FBEL: 81 cHRL BARRadIATR LMk hhseRUELAI ed
nmet hanol . 7. The process according to claim5, wherein the purified

met hggol O S ds; aal?fw&n%o%mmmﬁﬁndg)rcdmy&l&ﬁ Rl R3Ot ompPasedgon t he
purified nethanol. 8. The process according to claim5, wherein the
purified yptdhanalg GRS, PROWc2P. ITHebH 1 ¥R IRk +R mAY BeOfeparated

into an oil phase and a water phase after cooling. From the

0il phase, the methyl methacrylate is obtained by distillation.

From the water phase, the methanol is recovered by distillation.

15 The recovered methanol may be fed back to the esterification
stepandbereused. Ontheotherhand, thehigh-boilingcomponent
may be fed back to the esterification step as it is, or is
preferably fed back after recovering the methacrylic acid
contained therein by distillation.

20 As describedabove, the present inventionprovide aprocess
for producing methyl methacrylate in which a methanol obtained
by catalytically decomposing methyl t-butyl ether is used
together with a methacrylic acid and/or a methacrolein. The

methacrylic acid and/or the methacrolein may be obtained by

25 catalytically decomposingmethyl t-butyl ether, followed by the

15



" methanol based on the purified nmethanol. 9. An apparatus for producing a
met hyl nmet hacrylate) 10 the apparatus conprising: (a) a reactor for

catal yti c deconposition of nethyl t-butyl ether to obtain a reaction

m xture contai ning an isobutyl ene and a nethanol, (b) separation neans for
separating the isobutylene from15 the reaction mxture, ( ¢ ) recovery
means for recovering the nmethanol fromthe renmaining m xture obtained after
the separation of the isobutylene, (d) a reactor for oxidation of the

i sobutyl ene to obtain 20 at |east one conpound selected froma nethacrylic
acid and gafediéeoranor Ph@seepxiadnsienmt tbe reseltingsldaompsfsigtidreast
one conpound selected fromthe nethacrylic acid and the nethacrolein with

t he nmet hapgbdugs.10Thghprappasatns thecpreispgtt dnyleaitrhod, savsresisfullily 22

met hanol obtai ned by recovery nmeans (c) has a concentration of about 95 ~
by wei ght reg81th, inAg§yedtiBeAlge. AC) mptAanol resources.

f.AS. AS@QAf. A@ . A fy. A ye. ANf. AaR Aa?. A (,. A R AR A(, . A?. A@. AN?. A;
?+G'T?9{. k(d The invention being thus descrlbed it will be apparent

} xsni d_Z] ca] ca] ca] ca] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] caj cajnalcehealawd ealyc decohesall £nlbhdny wlsMdS* Buch variations are

# Zb}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] caleape leth@rlac akoird €l © alrea s @&irt i+ f LXK BGos iod_Zheé alalalesa) cal ca)
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]
ca] cal and all such modifications as would be apparent to one skilled
4589XqvON] % X} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] caf ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cahﬁam@]a&ee] a2kCoh £ah &8 0rd TRl GatRhCRREEdbpt BFf the followin

yraree: " $HYHAH##YSa$PSUP% xsni d_ Z]ca]ca]ca]cafca]ca]ca]ca]ca]cglca]ca]
ca]ca]ca]gahgﬁgca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca'P%MWMMB&H&&&
&'\a' " TYf((()8)v))))8*Q***+H+Y++} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca] cgj ca] caj C@Leaé&@dfa]&@ccﬁisqﬂé@fcehsa} ﬁaéeadé:@el&@h%ﬂl?@]a] lga! +++!
& a,,,,7 /9/'w'//50s000511 1] 11118202} xsni d_Z] ca] caJCa] ca] ca ca]ca]c

a] ca] cal Cﬁbcabﬁélthggbgafﬁﬁéﬁ%ﬁ%%]fa]f@dfaélrﬁf‘] Cﬁa]ga@ % %gtcgtca] caj ¢

al 0222+3/ 31 33344Y44455V5556V6666" 7( 127h7779%89888! 9 cajcalc

al cal cau) aghestaghoalfal cadopl ol £71 il ool sabeakbakosl saldl cakal cal cal

qa]ca]cal__ _

B R e R
Cal cal ca CAPCAF O Cafcl Cal CaP¥al CAPERTCR) o8] CHTed) Sal Carea] cal cal ca] cal E‘Eﬂ
2area ;?t;ftz]cMCW%%@@;EEF@%%&;&gf%% e ool oo
SR R e
211?211?211??3? ]Xca] cé?gé] éé]zgé’%g: %%\s]e}:]\zg (;;] ué’] ca ca] cg] %:/a]_cg] E:a] )éZ]n::g] ﬂi} g:}
calcalca]calca]caJcalt’ - al aaa7bybbb/ cocccOdndddd6ekeee

f Vf f f gDgggg} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] cal ca] %&a a]lca]ca]ca]ca]ca]ca]ca]ca]caI g8huhhhOiqgiii'jMPjVjljjjkXkkk
IH T rm%f)t | il nnn} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caljca]calc

il i
Eaf£Z]§Zf§§%td%1 kca]c mﬁ%{ca} ft é£%§+l iﬁﬁigg} g%%éfﬁé%t%?ﬁéggﬁi
ci/«!&l(() ())/& (; 5& §&16’B %C*é%f‘ﬂ %& Eg ('5‘1 é“ Bo fﬁ%e @ - T2i K-
109 ()-3 5‘?@'?51]136)@}&1?3 into,pdgrat hdehobgl LingtamRereyt éé‘{il?(f%@@ltlocy& 0)
*Lﬂgto’;g E og( g‘lpiggggg 5’”3&%6@’& () T2 1B5%s ¥ R igh-RoKHNg FRPrart Y@

109%& () - &8f #10%&' () - 369! 109&' () - F4& 10%& () - 3291 10%&' ().- &ad AP K- ?

s! 109 ()té}ﬁmma(l)at@%l‘mad&ftélﬂﬁéo}@n( @ 1®o@ecend MighyRodying
ys! 10%&' ()- D
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7fH3"M109%&' ()-3 M10%& ()- @a&R10%&' ()-|I
10%&' ()-&10%&' ()-3M 10%& ()-3M 109%&' () - 7W2si K- 30M 109%&' () - . #10%&' ()-3, M 10%
& ()-3*& 10%&' ()- ( !'109& ()-3&M 10%&' ()-$#10%&' ()-* i
I _UK30M 109%&' ()-101010;
109%&' () - 8f #109& () - 369! 10%&' () - 34M 10%&' ()-32M 109%&' () -
# ZIK-K1109%&' ()- " '109%& ()- @109 ()-y !109%& ()-s !'10%& ()-1 M109%& ()-Y
S10%&' () - bi K- K"
109%&' ()-109& ()- @Q109& ()- ! 109%& (_L) -#109%&' ()-'!109%& ()- 109 () - @F-K"
109 41098OTPODeRtoaRd )2 0REEOE APV -PPEIATE) -RPTRPERT ) - $FR8vEecPndi kI mbC
" 10% 109 ()-3yM 109%& ()- 10 10 10y, t10%& (g -8#10%&' ()-Y
610%& () -lewcaebEing component contained a 98% by weight of methanol,

109%-f109%& ()-F:'109%& ()-F:!'109%& ()-f#109%& ()-F& 109%& ()-F!10%& () - QKkaBbC"
109%™ ' | 10023 )by welDokgt of methoolgt ¢ hut Y egher-, @HePRbLY)we IIvgo f t-SUEFHC
10% " 109&' ()- , 109 ()-Y*10%& ()-Y(!10% ()- &10%& ()-$Z10%& ()- XgstudE:/
10 10; 10%81¢ph81108@Veéral 64 QIR WS 1 otatl 094 i(ner 2 \ckddrinent <) HodR'a( JsmadQu\V4/

5 amount of water.

A distillation device mainly made of glass was prepared.

The distillation device had a distillation column, a 2-L glass
flask (connected to the column at its bottom) and a condenser
(connected to the column at its top) cooling with water. The
10 distillation column was a cylindrical glass column (inner
diameter: 30 mm) which was packed with a Dickson packing with
a diameter of 3 mm to a height of 120 cm (so that the theoretical
plate number is 23). Using the distillation device, methyl
t-butyl ether was removed by distillation from the second
15 low-boiling component as follows.

The operating pressure was set to atmospheric pressure
during the distillation. Heating of the distillation column
was carried out by heating the bottom of the flask with an oil
bath. The second low-boiling component was supplied at a rate

20 of 1200 g/h to the distillation column. A part of thedistillate
condensed in the top condenser was drained at a rate of 6 g/h
and the whole amount of the remainder was fed back to the
distillation column. The inert components, which were not

condensed in the condenser, were discharged from the device at

25 a rate of 29 g/h in the form of vent gas. The bottom ligquid
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10! 109%8S&' ()- 9'10%&k' ()-1 109& ()-'I,#109%& ()- "~ 109%& ()-1 ylOo9&' ()-
10l ~ @/ 10! (9'10% & ()-1 &I0%&' ()-$10% ()- 0@10%
& ()-'@10%& ()-109% ()-N]~_=4/ 10!'![34& 10%& ()-3210%&' ()-30& 10%& () -
, ZH109R () - a,z#10% 8! & ()-)!'d (9!'109%%$& ()-]%C 10! !'s: 1109 ()-3 |
109 ()-f310%& ()- 10 10 10;t10% ()-8#10%&' () - % XaBbC
1001 :1109%& ()-!'y%d0%q ] & ()-:!10% ()-:!'210%& ()-#10%& ()-:!'10%& ()-$ aBbC
10! 1 $z#109%& () -"!1109%& ()- :!'109%& ()-!,&10%& ()- YI0%&' ()-z#10%& ()-# Y n
) dEbC 10! !0: | 10%&' g) -. f#lO%&'&gi- F _
, 10%& () - vagogrefned fooR thegriaehgat)a)rate of 211Gy Ng'h (and 1ithe RiOf ;
S10%&' ()-8SH10%& ()-6:!10% ()-F 4109& ()-210%& ()-"S"k"""$#Y#JEYNC 10!!
@o0% & ()wgs#q@ppgciy;l_gp !tp@a/p&tgpmpoglt@% godpmy at a rate of 300 ml/h.
10% & ()-S 1109 & () - Y####Y%$a$SdBYNC
10! 11 10% WBep) the! concentyratioumss'of) medifyd b-bwevdsiedher Bnd t-butyl
&10% & () - $$9PYBBEEYNC 10! *M 10% & () - |
(10% & () aZ2&b¥bd' in-HA1a¥%NsOHIainédBtdEh (thel £146%7 18&¢Am&H622piBasE" IHsYNC
1011 6M 10% & ()-4M 10% & ()-2M 10% & () - |
010% & () andi00d 89§)by M’ (Mespectively . a'the bemperhtiz¢04& the Yép

of the column was 62.5 °C, the temperature of the bottom liquid

in the flask was 66.5 °C, and the methanol concentration in the

drain obtained from the flask was 99.8% by weight.

10 Example 2
The same distillation device as used in Example 1 was
prepared except that a Dickson packing with a diameter of 3 mm
was packed in the distillation column to a height of 150 cm (so
that the theoreticalplatenumberis27). Usingthedistillation
15 device, themethanol in the drain (third high-boiling component)
which had been obtained in Example 1 was purified by as follows.
The third high-boiling component was supplied at a rate
of 325 g/h to the distillation column. A distillate condensed
in the top condenser was drained at a rate of 318.5 g/h and the
20 remainder of the distillate was fed back to the distillation
column. The rate of discharging the bottomliquid from the flask
was set to 6.5 g/h and a rate of supplying the air from the bottom
of the column was set to the same as in Example 1. When the
concentrations of methyl t-butyl ether and t-butyl alcohol in

26 a distillate became 2 ppm or less and 3 ppm, respectively, the
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1109%& ()- @O% ()- 10/ 10/ 10/yy;s10% & ()-810% & ()-' % f ((()8)aBbC 10!!
109& ()-!10%iu& ()-Y!' 109& ()-Y:!109& ()-f-#10%& () -

y10%& ()-8)v))))8*Q*dEbC 10!!'$ 10%& ()- "10%& ()-Y 10%& ()-Y:!10%& () -
109&' ()-"109%& ()- Q***+H+Y+dEbC 10! ! YO109%&' () - . #109%&' () -

1098 () -1*109&' ()-Y(:!10%& ()- &LOY&' ()- Y++++! # $, % & dYNC 10!'! 10 10
10f ; s109&' () - 8#109%&' ()-16 10%& ()-4& 10%& ()- 210% ()-& a,,,, 7-v- dEYNC
101! “110% & ()-,-#10% & ()-y10% & ()-s 110% & ()-|

“110% & ()-f 110% & ()-v---.L...a?YNC

10! || @10%EmRetRtNEe0 &he) ton @ ghe R unmoewas(§4 15°C, the temperature
10% /& ()-"110% & ()-./9/ W //50dEYNC

10! 11 * M 10%4 €hé btV SO Wi &M tDes BLESk 0B85 - " 406418 methanol

M 10% & () - 50s00051] 1| 1dEYNC 10!!! 6@L0% & ()-4"!10% & () -

21 10% & ( FobNEAOYRLLON- 1110% Mt i1180% &as) 991 PE1 bY1§232hE.10! ! |

L 110% ()- F “110% ()- ,L!109&' ()- 10/ 10/ 10/:

10% & () - 8#10% Br6JuoR28n363i 3RctBlyd 10 tHBAVDUR (Yas Yda¥RLER- ButOHE () -
S T10% ()- @#10%& ()- f 1109 ()-3344Y444dEbC 10!'!13"M 10%& ()-3

M 10985 () pa2¥fdoiing) ardé st f{H)caiMatDOR' he weldlakidl) oBbaVhbEtebdite as
10111 #109&' () -3y, M 10%& ()-3s*M 10%& ()- (10%& ()-

&310%&' () tH& 1006 {) 1 HMO RN Yot Ak ¥1ic acid reagent (special grade,

manufactured by Woko Pure Chemical Industries, Ltd.).

Specifically, the esterification was carried out as follows.

A solution comprising 20% by weight of the methanol

10 obtained above as the distillate and 80% by weight of the

methacrylicacidreagent was prepared. Also, afixedbedreactor

made of 304SS and having 24 mm in inner diameter and 500 mm in

height was prepared. The fixed bed was packed with an ion

exchange resin DUOLITE (manufactured by Sumitomo Chemical Co.,

15 Ltd.) as an esterification catalyst. The solution of the

methanol and the methacrylic acid reagent was supplied under

the pressure of 245 KPa into the bottom of the f£fixed bed reactor

to conduct the esterification, while maintaining the reactor

at a temperature of 80°C. The resulting reaction product was

20 purified by distillation to obtain a methyl methacrylate. The

conversion of methacrylic acid to methyl methacrylate was from

47% to 48%. The concentrations of impurities contained in the

methyl methacrylate were obtained by gas chromatographic
analysis, which are shown in Table 1.

25
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10 10yf;
109%& () - 8#109&' ()-F6z10%& ()- F4! 10%&' () - F2M 10%&' () - YO! 109%&' ()-' 7(7h777%898
8xY:/ 103M 109&' ()-S-#10%& ()- 9'10%& ()-3M 109%&' ()- L!10%& () -
fL'109%& ()- 1088!9a999: dB:/
10!, T&10%&' () -1 3M 10%&' () - y#10%&' ()-39! 10%&' ()- % 0% ()-39! 109%& ()-:?:v::;
;' <dE:/ 10! FO:!109%&' ()-.#109% ()-F& ! 10%&' ()-$#10%&' ()- "109%& ()-3
109%&' () -' <f <<<=====dYNC 10! 10 10 10y;
109%&' () - 8#10%& ()- F6M 10%&. () - F4:!10%&' ()- F2M 109%& () - ===R>>>>aBYNC
10y: 10%& CYTRAF163&e(FXpRMPL60& ()-!1 S #109%& ()-3"! 10%& () - 3yM 10%& () - >D??- @
@ABWU3YNC 1!t *#109HH& () -!t*#10%4H& ()-!S #10% ' & ()-!N
#109% " & ()-!, T&Be#E e (RO @S BRBEBRTREEHE Was egmbied gy except
M109B& ()-f 1109B& ()- 10 10 10; 109& () - 8#10%& () - CCC<DDDDaBbC 1!t
*#18& 109BEhat .| SosgemB&of) -thel ovR&gnal |olposned - in1B@aple- B as the
109B&' () - D6Er Et E} EEEJEDC 1!'t *#1"109B& () -3
109B& () - @1ovdBRlate’, BOIPECir 1 Myt odB&iebhanby/Beaif & FuFEEGRCGIGhCPlre
*#1. #109B&' () -, & 109B& ()-Y
*109B& () ChanvBsl () Idudionss () 1$dL0%YBeat) - SlafCCEoHT bldkix i HodE: met®B110BY;
109B& ()-8109B& ()-6:1109B& ()-4:1109B& ()-Y
2109B&' () mOtHALBE1 e YH A I dotivexyi6n16B methacrylic acid to methyl
109B& ()-109B& ()-"!109B& ()-M 109B&' ()- M109B& ()-3 109B& () -
10BI | ' J\ JlldAAcrylate was from 47% to 48%. The concentrations of
10B! &10YBB& () -M 109B&' () - #109B& () - & 109B&' () -! vS¥d0%BpB&' () - & 109B& () -K
WKKKK2Lr Lefpari0Bes! d&VB&ifed (M 10UBRe thyl nfd€&Sr¥)atd A% Obtalht@¥B& () -
M 109B& ()-rLLL) M MVWHE: / 10B!6:! 1098& ()- 3

by gas chromatographic analysis, which are shown in Table 1.

10 The results in Table 1 show that, by using a methanol
recoveredandpurifiedfromthe catalyticdecompositionofmethyl
t-butyl ether, the same grade of methyl methacrylate which
contains a slight amount of impurities was obtained as that

obtained using the special-grade methanol reagent.

15

Table 1

Impurities Isobutylene | t-Butyl Methyl Methyl
(%) alcohol t-butyl t-butyl

(%) ether (%) ether (%)

Example 1 <0.0001 <0.0002 <0.0002 <0.0002

Comparative

Example 1 <0.0001 <0.0002 <0.0002 <0.0002
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410988 ()-2109B&' ()-0:! 109B&' ()-. #109B&' () -, & 109B&" () - MNNNNNVNNNDLC

10B! 110% U& ()- ~110% U& ()- 110% U& ()- 10B 10B 10B;

1098B& () - 8#109B& () - NO<O{ O00=PaBbC 10B!t!10% U& ()-! @40%JU& ()-L! 10%
U& () - & 10% U& () - @10% U& () -Z10% U& () - =P~PPP6QWQQUELC 10B! | $#10%

U& ()-#& 10% U& ()-!& 10% U& ()-L!10% U& ()-"110% U& () -1 #10%

U& () - QOBRORRRSAEDC 10B! OM 109% U& () -1 . #10% U& () -, 10% U& ()-* 110%

U& ()-)L!10% U& ()-'L!10% U& ()- SKSSSTT TTTdYNC 10B! 10 U 10 U 10 U; 10%

WHAT IS CLAIMED IS:

1. A process for producing a methyl methacrylate, the
process comprising the steps of:

(1) decomposing methyl t-butyl ether to obtain an

5 isobutylene and a methanol,

(ii) oxidizing the isobutylene to obtain at least one
compound selected from a methacrylic acid and a methacrolein
and

(iii) esterifying at least one compound selected from

10 the methacrylic acid and the methacrolein with the methanol to
produce a methyl methacrylate.

2. The process according toclaiml, further comprising

e O

a step of separating the isobutylene from the decomposition
reaction mixture prior to the oxidation step of the isobutylene.
15 3. The process according toclaim?2, further comprising
a step of recovering a methanol from the remaining mixture
obtained after the separation of the isobutylene, prior to the
esterification step.
4. The process according to claim 3, wherein the
20 recovered methanol has a 95 % by weight or more of methanol based
on the recovered methanol and contains at least one compound
selected from t-butyl alcohol, water and methyl t-butyl ether.
5. The process according toclaim 3, further comprising
a step of purifying the recovered methanol.

25 6. The process according to claim 5, wherein the

21



U& ()-19#10% U& ()-7"110% U& ()-59! 10% U& ()-3"110% U& ()- TKTTTT. UnUJEYNC
10B! ' 1 109%& ()-,-#10%& ()-F 10%&' ()-gl0%& () -

“110%& () -M 109 () - nUUUULVNWaBYNC

10B! " 10%&' ()-M 10%&' () - z#109%&' ()-109%&' ()-!y%d0%p& ()-M 10%& () - VVWIVWANNIE
YNC

10B! - 109& ()-) mO%&' ()-':!10%& ()- %" 10%& ()-#109%& ()-!:!109%& () - WK=XzXXX3Y
dEYNC 10B! 9#10%&' ()- 7& 10%&' ()-5:!10%& () -

39! 10%& () - OM 10%&’ &4}{5/ #109& ()-3YBY7Y8Y9Yr YYY1ZbC

10B! M 109peri§ied megdgrganel-contpimseapguivp 3% Eve } oht @rmp e methanol

10%&' () - 1ZEZ~2ZZ9[ v[ aBbC 10B! #10% & ()- '10% & ()-!f%d0% /& ()-:110% & ()-3
10% & () -basef &oy) the[ parifisdepethamdk. &10% & ()-$10% & ()-"M 10% & () -
110% & ()-:110% & ()-:!110% & ()-\]C]]]*>"dEbC

10B! 2' 1 10% & ()7 0' | 1P’ procédH%h&cordinigl 08¢ &clpim: I5,0%Bedir : the% & () -
SAXAANNAANG xbC 10B! s! 1098& () - 10/ 10/ 10/, ;

10% & () - pedOPd &8 fp+thanbliod ik AHOE &9 @)bPwgigh# or mafedfmethanol

10B! “ 1 109B& ()-s! 109B& ()- @109B& ()- ! 109B& ()-s! 109B& ()-

M 10988 (Dased-6ehaths BabCrifd medRABEL()- M 109B& ()-! S&109BB& () - my

109B&' ()-2109B& ()-!S 109BB& () - a7bybbb/ cocdEmbC

10B. #1098&’ () - ,8!) 10%%hd ) pfobd98B&ccbring to claim 5, wherein the
(1098& ()- & 1 109B& () - $z#10%B& () - ococodnddddddE: / 108 10B@

109B& () - SR DPBEA (ne ChadOVBS Aarnd KB (99 D !4l BB egh@Mot0fB&e( hrdddbeke
ee fxY:/ 10B'109B& ()-, #109B& ()-F
' methanol based on the purified methanol.
9. An apparatus for producing a methyl methacrylate,
10 the apparatus comprising:

(a) a reactor for catalytic decomposition of methyl
t-butyl ether to obtain a reaction mixture containing an
isobutylene and a methanol,

(b) separationmeans for separating the isobutylene £from

15 the reaction mixture,

(c) recovery means for recovering the methanol from the
remaining mixture obtained after the separation of the
isobutylene,

(d) a reactor for oxidation of the isobutylene to obtain

20 at least one compound selected from a methacrylic acid and a
methacrolein and

(e) areactor for esterification of at least one compound
selected from the methacrylic acid and the methacrolein with

the methanol.

25 10. The apparatus according to claim 9, wherein the
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109B&' ()-109B& ()- M109B& ()-M 109B& ()- 10B fVfffgDggdB:/

10B! @109BB&' ()-M 109B& () -#109B& () -F

109B&' () -fod09B& ()-:!1098& ()-ggg8huhhhdE:/ 10B!
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