29 May 2006 PROCESS FOR PRODUCI NG METHYL METHACRYLATE BACKGROUND OF THE

| NVENTION Field of the Invention 5 The present invention relat ¥%p 06
process for producing nethyl nmethacrylate. In particular, the %f gﬁ
invention relates to a process f orproduci ngnet hyl met hacryl ate conpri si ng
a step of esterifying nethacrylic acid and/or nethacrolein with a nethanol
which is recovered froma catal ytic deconposition 10 of nethyl t-butyl
~ether. Description of Related Art Generally, nethyl np%@ggiéi te is

synt hesi zed by al | oWPRQCESSt TR FRADUHING M THEe tM E ol in the
presence of an 15 acid catalyst. Industrial processes of the production
thereof are also based on such an esterification reaction. For exanple,
t he production process conprises the steps of bringing nethacrylic acid

andnethanolB%ek@Rggﬂba@@\Mﬁﬁ1ﬁmvgngxuﬂfication catal yst such as a
strongly acidic cation exchange resin to react 20 themw th each other; and

separati ng e Lesul ting hRAGH Q4 m xture by distillation into a
: high-boiIin%yﬁ5ﬂp§%ekbgngfhly Jbonprising unreacted nethacrylic acid and a

distillate contapping |4 S ratig 1nd twas efrodds § I car @ roglactingn

product &, and un?tﬁsﬁgﬂggéﬁﬁéﬁgfg The distillate is cooled and 25 is

Separaled 'Sé?n?? %ét 43??13&9,3 YRt fhrefadgarThaHy opetent A%V 12006
| .relatestoaprocessforproducingmethylmethacrylatecomprising

a step of esterifying méthacrylic acid and/or methacrolein with

a méthanol which is recovered from a catalytic decogposition

10 of methyl t-butyl ether.

Description of Related Art

Generally, methyl methacrylate is synthesizéd by allowing
methacrylic acid to react with)methanol in the presénce of an

15 acid cafalyst. Industrial processes qf the production thereof
are; also bas ed on such an esterificationreaction. For example,

the production process comprises the steps of bringing
methacrylicacid andmethanolinto cpntact with ap esterification
catalyst suchasa strongly acidic cation exchange resin to react

20 them with.each other:; and‘éeparating the resulting reaction
mixfure by distillaﬁion into a’high—boiling component mainly
comprising  unreacted methacryiic acid: and a distillate
containing methyl methacrylate and water, which are reaction
products,andunreactedn@thanol. Thedistillafeiscmoledand

25 1g separated into an oil phase and a water phase. The product,



met hyl nethacrylate, is isolated fromthe oil phase. The unreacted

nmet hanol is recovered fromthe water phase and is returned to % Riav 2006
esterification step, so that nmethanol is reused. On the other Han Y t%e
unreacted methacrylic acid is recovered 5 fromthe high-boiling conponent
and is also reused in the esterification step. In such a manner, the cost
for producing nethyl nethacrylate nay be reduced by recovering the
unreacted raw materials, i.e., nmethanol and nethacrylic acid, fromthe
reaction mxidifiey BnfletBlhiivag e, heis t dsbhetedt éidor celbé owidt ephagd®. t oTheuse
themas raw materials therein. However, in a case that the nethanol which

i s recovered;,f& 90t @a PEOHHELDON 1B 26EBTeptleF ridan Hehatatodr nethhiye and is
met hacrylate 1s reused as it is as a raw naterial for the esterification

to produce é@é&% FRhAcE Wit i Atk tbBY Y eHEEtmd FRANYL 1kreused.
e) nay B

met hacryl at e contamnated with inpurities due to the inpurities

that have b enftl?{%ggg%rt]ﬁ%ﬁ&be{hw%etﬂﬁzéafl‘hﬁ% adtanaleiarher séesperéae

obt ai ned net hacry e’ usual needs to be purified to renove the
i mpurities prior be .reused., . Thi L0 4t n Si Qfs &L th
addi 1 ondl % ber ot oh i’ﬁjé‘oin%aé?’[‘wég’g‘%@r?gga{l%ongggéa%ﬁ& d of the

duct, hat_t hy duct | £ and.
Phe r ecoversd et Aot LRy t5 serat SEEH § FBMIA LABuFPEe5on RhodseiRg

MR LR Bl N e (AR S
puriticati Or;:aiwS mcaotrrepz.lji.ai:last ,edi .ae[].d,/ Ongetcl'?e?rggl aarlé)trﬁet%'xacrylic‘ acid, from the
reaction mixture and returning them to the esterification step
10 to reuse them as raw materials therein.

However, in a case that the methanol whi¢h is recovered
from a production process other than that of methyl methacrylate
is reused as it is as a raw material for the esterification to
produce méthyl methacryléte, the resultiﬁg product (methyl

15 methacrylate) may be contaminated with impurities due to the
impurities that have been brought together with the reused
methanol. Therefore, the obtained methy; methacrylate usually
needs to be purified to remove the impurities prior to be reused.
This results in the necessity of an additional purification step

90 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

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



29 May 2006 As described above, it has been known that the methanol which
I's recovered froma production process other than that of net Mav 2006
nmet hacrylate is difficult to be reused as a raw naterial for the y
esterification to produce nethyl nmethacrylate without 5 conplicated and/or
costly purification. Therefore, in the industrial process, the recovered
met hanol nmay or may not be wutilized for the production of nethyl

met hacryl ate, depending on the conplexity and the cost in the purification

of the recovered pgeilanel be ot deret dtas hewmivanraddati fhensetsasel
thereof, 10 there 1s alnobst nothing to do except to use the recovered

nmet hanol as_a fu receMeRYprvbiiehibaspkbseiss babkerofthanrshhinol
resource. M&ﬁ%ﬁ{%ﬁ%@c?%%&%m 15pFI'he inventgr.s of the present

i nvention have de st udi ' i of agethennkteatalhe
nﬁg?w;meﬁgéﬁg%%%gqstgffﬁgbﬁﬂ: 1 pé e ed a a

producti on of ate, even if the nethanol is a nethanol

ot byl | et B GBS LA T S LRt L] R, PEESRonatRabry A ¢ RkpOu e

met hyl € 1Tnventors have found that a 20

met hanol whi ch has been recovered from catalyLi eco L g4 0 Ryl
t-butyl Set h@@mnéﬁcﬁ’éefie@é’@d'%rc?ﬁg%r885@ ij'é%\’ltg'f)q’rfet Hy rf%a%%abc'r y%gtﬁghi n a

TS i rceptenaicaeargery. Abeonsoavetan prURERHH WEd Retaghass of
s prov deduii:isg:?g?él fegxe'li?lfe V\pgex!clduacstirrgrg r2:>afn?xlle'tt'1|13z)i r%ggzgg%%ﬁa\f:%goaegending
on the complexityandthe cost inthe pﬁrificatio’n of the recovered
mefhanol . When thére are few advantages in the reuse the:;eof ‘

10 there is almostnothing todo except touse the recovered methancl

as a fuel for heat recovery. which results in lost of a methancl

resource.

SUMMARY OF THE INVENTION

15 The inventors of the present inventioﬁ 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 pfoduction 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,

25 ig providedisobutylene as well as methanol. Bycatalyticvapor



29 May 2006 phase oxidation of isobutylene, are provided nethacrylic acid
and net hacrol ein, each of which can be used as a raw materi al £§ﬂ{ggﬁo
production of nethylnethacrylate t ogetherwith nethanol. In the€ pr sen

i nvention, the nethanol recovered fromthe 5 catal ytic deconposition of
met hyl t-butyl ether can be utilized in the production of nethyl

met hacryl ate, which neans that all the products produced by the catalytic

deconposi ti opnakenekdakt i bnbet s @idteflan, e ehirectied ymettiddmed.c Bt d
present invention provides a process for producing 10 a nethyl

met hacryl at ean&*lﬁegm&féieiﬁrméaéhn&ftméﬁ eftn We usdd alecompesinagersihy!
t-butyl ether 'to obtain an |sobutylene and a nethanol, (ii) oxidizing the

i sobut yl ene n%?ﬁ%&’% e?‘ﬁ}‘i‘lsle éfﬁ% ny AR ifé@&tt‘égeftﬁu@?vﬁlf‘i%aﬁﬁéﬁbuc

acid and a I ng at "I east one conpound

| ected f th th d t I
Lo produce AnmStRyPRRA rg,ﬁg{'%‘é%?ea” S ELRASER: %s%oﬁe?&ép?ﬁr%eﬁﬂgﬁ
t f d t t
Tl Ry, ot Lucr Sy L ELe PEITE ek hr s BRNBE SR8 A SELbazsR
ether to obtain a reaction m xture containin I sohut yl ene ang a
met hanol , (b;ns@mmwtrmgffIa?tgﬁba?eaﬁh%f%%t?sdﬂlﬁ%@&?ﬁ% hetogline

reaction m xture,
‘the products produced by the catalytlc decomposition of methyl

t-butyl ether can be effectively utilized.
The present invention provides a procéss for producing
iO a methyl methacrylate, the process comprising the s.teps of:
(1) decoﬁposihg methyl t-butyl ether fto obi:ain an
isobutylene and a methanol,
(ii) oxidizing the 'isobutyleﬁe to obtain at least one

compound selected from a methacrylic acid and a methacrolein

16 and,

(iii) esterifying at least one compound selected from

the methacrylic acid and the methacrolein with the methanol to

produce & 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

f-butyl ether to obtain a reaction mixture containing an

isobutylene and a methancl,

(b) separationmeaﬁsforsepératingtheiﬁobutylenéfrom

25 the reaction mixture,



4 29 May 2006 (c) recovery neans for recovering the nethanol fromthe
reaction mxture, (d) a reactor for oxidation of the isobutyl egfbf«ﬁ %Bbgi n
at | east one conpound selected froma nethacrylic acid and a Y

met hacrolein and (e) a reactor for esterification of at |east one conpound
selected-fromthe nmethacrylic acid and the nethacrolein with the nethanol.
10 BRI EF DESCRI PTION OF DRAWNGS Fig. 1 is a flowdiagramillustrating a
step of recovering mnethanol froma reaction m xture obtained by catalytic

deconposi tion of gfé )élrﬁééé)yéﬂf'“?éé}% .fogﬁgﬁg%%ﬁgﬁﬁ%gﬁg}b AdidE the

| NVENTION I n the i nvention, a ne ate 1's produced 1n a
process conpri Si the.steps of: (i) deconposing nethyl t-butyl ether to
obtain an i§%%ﬁ£3?3n@1§5f&%§’net hanol, 20 (ii) oxidizing the isobutylene to
obtain at | east on conmpound selected, from a acrvylic acid and ,

net hacrol ein and, F‘E? i i%ngéﬂ%ﬂrf YPRPE AT R o{ﬁ% 8&%%%&}’@%?8?&%8%??&&
the nethacrylic acid and the nethacrolein _obtained in step_ (ii) 25 with the
net hanol obtaf nkeRsh eRepcePpoupdpFpdactesd FEPRyR Bethacrylic ‘acid and a

5 methacrolein and
(e} areactor for estérifica_tion of at least one compound

selected from the methacrylic acid and the methacreclein with

the methanol.

10 BRIEF DESCRIPTIOCN OF DRAWINGS

Fig. 1is 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, amethyl methacrylate isproduced

in a process comprising the steps of:

(i) decomposing methyl t-butyl ether to obtain an
. i-SObutylene and a methanol, |
20 (ii) oxidizing the 1sobutylene to obtain at least one
compound selected from a methacrylic acid and a methacrolein
and,
(1ii) 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



29 May 2006 nethacrylate. The catalytic deconposition of nethyl t-butyl
ether and the catal ytic vapor phase oxidation of the isobutyle ﬁﬁ$268§
limted and may be conducted in a known nethod. Also, the 5 esferification
of the methacrylic acid and/or the methacrolein is not limted and may be
conducted in a known manner as long as the nmethanol recovered fromthe
deconposition of nethyl t-butyl ether is utilized. The esterification may
be conducted in the presence of an esterification catalyst such as an acid
10 or a catimdtiexehabgeeresin so as to provide nmethyl nethacrylate in a
hi gh yield. The process of the present invention may further conprise a

step of separati ngrade dtsobutyd e dnps ttheregonpesivtl erbutgdckithernaxdur e
prior to the oxidation step of the isobutylene. 15 Moreover, the process of

the present idWentiOn yFY vaQ¥R bhlsa ofi&Rt Pbn LAV iR bA tRAlANakel HOM
the remai ning m xturé obtained "after the separation of the isobutyl ene,

prior o the, e8Ieni Lhaahbon o3l ebndlier dLCOY 4 CnBRLNARANIRY GO Nl

| east one cofpoun _ ted fromt-butyl alcohol, water and met hyl .
e B Pl 2 0O SCRAE RO L AOTEL el SEaTLE eRp ARSIl
R R REE AT e e R S T
recovered mggmggg’methanol recovered from the decoﬁpositibn of methyl
t-butyl ether is utilized. The esterification may be conducted
in the presence of an esterification catalyst such as an acid
10 or a caticn exchange resin so as to provide methyl methacrylate
in a high yield.
The process of the present invention fnay further comprise
"a step of separating the isobutylene from-the decomposition
reactionmixture prior to ti‘xe oxidatién step of the isobutylene.
15 Moreover, the process of the'presen-t 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-bﬁtyl alcohol, water and methyl t-butyl ether.
Also, the recovered methanol preferably contains 95 % by weight
or more of methanol based on the recovered methaqol.
The recovered methanol may‘be utilized as it is for

esterification step, or fnay be utilized after purified. By

25 conducting the purification step of the recovered methanol,



6 29 May 2006 nethyl nethacrylate with an extrenely slight anount of
impurities can be produced easily. The purified methanol may cap n;ﬁ,r}og@out
95 % by weight or nore, preferably about 99 o by weight or nor¥e,
preferably 5 99.8 % by weight or nore and nost preferably 99.9 % by wei ght
or nore, of methanol based on the purified nethanol. Specifically, the
recovered nethanol and/or the purified nethanol may be any conponent
selected fromthe following conmponents (I) to (IV): 10 (lI) a component

t hat Conta'ns1§a@méaggﬁegi€@%éﬂghQﬁeQQE%méi ¢ B fapahobasesk ohptbeties

conponent ont al ns butyl al cohol, water and net hyl
t-butyl et her (Il onen hat is obtained by separating nethyl
t-butyl et Terty ft?%r#E%%ﬁﬁ ?af%}g’and cont ai ns about 95% by wei ght 15 or

nore, preferably about 98 % ht. or rmre o] a e
conponent (11); (41§ )P%F %\fh‘%h%} T3Y oBPAF éﬂ”%@gggpgisa% ?g WQE%H]
al cohol and water from co onent (I% and-cont ns about 95%505 F@fggi

- ornore, prefenabeydyoekeny MW% P OPHOIE.Y 1? Ot oM S0P bRs e on t he
conmponent (111); (1V) a conponent that is obtained ara

al cohol 5 wegtsers éndbyimtemghﬁ oBuMPreefREr mPFGnPESﬁﬁSﬁQﬁF ?B %dggc‘%ﬁ{)gﬁl%s
about  99% by wei ght, preferably 99.8 % by weight or nore and nore
preferably &9.m@rds bcyfvmeghanol heeedopnmitifaprified methanol.

Specifically, the recovered methanol and/or the purified
methanol may be any component selected from the following
compchents (I) to (IV):

10 (I) a component that contains about 95% by weight or more
of methanol based on the component (1) and further contains
t-butyl alcohol, water and methyl t-butyl ether:;

(II) a component that is obtained by separating methyl
t-butyl ether from component (1) énd 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
weightormore,preferablyaboutga%byweightormore,ofmethanol

90 based on the component (III}:

(IV) a component that is obtained by separating t-butyl
alcohol, water and methyl t-butyl ether from component (1) and
contains about 99% by weight, preferably 99.8 % by weight or
more and more preferably 99.9 % by welght or more of methanol

95 based on the component (IV}.



25 based on the conponent (IV). 7 29 May 2006 Conponent (IV) may contain

about 10 ppm by weight or less of t-butyl alcohol and/or aboutzglg%a&%})gy
wei ght or less of nmethyl t-butyl ether. The separation of the Tsobutylene,

the recovery of the 5 nmethanol and the purification of the recovered

met hanol- may be conducted in a known net hod such as distillation, |ayer
separation (f or exanple, pervaporation) and sol vent extraction. Anong
them distillation is preferred. The present invention further provides an

apparatus for 10 ,@%&éﬁe avELEY cHBLhaE Al @ie 10t ppmapparedtgist or less
conprising: (a) a(‘er act or f(orﬂgatgl ytic deconposition of nmethyl t-butyl

ether to obtal Eeﬁgrﬁ ;:%j’hgghgi é&kﬁ[@rﬂ?%&é{ UoNGprABy x!:éi)%ﬁ{: Wrengs & e thyl

met hanol , (B neans separating thé isobutylene from 15 the
reaction m xture, i)c% recovery neans for recovering the nmethanol fromthe
r emai ni ng mi 5 RH e ot Hited after the separation of the isobutylene, (d) a

reactor for oxidation of the jsobuiylene tq obtain 20 e.go und
~sel ected from a- netiHaESRITA T 4 ?mﬁ%‘ﬁ&f@%ﬂ an%ﬁ% e'lfggé{rree!ggt%]? oér)

esterification of at | east one conpound selected fromthe t hacrvlLi cid
and t he Bet heetlvdedh anid Fhe purifjrrrc):ation o] t%e recovere me'%%an%c_l. Pﬁaycb@‘

conducted in a known method such as distillation, layer
.separation (for example, pervaporation) and solvent extraction.

Among them, distillation is preferred.

The present invention further provides an apparatus for

10 producing a methyl methacrylate, the apparatus comprising:
(a) a reactor for catalytic decompos;‘.tion of methyl

t-butyl ether to obtain a reaction mixture containing an

isobutylene and a methanol,

(b} sepération means for separating the isobutylene from

15 the reaction mixture,

(¢) 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 corﬁpound selected from a methacrylic . acid and a

methacrolein and

(e) areactorfor esterification of at least one compound

selected from the methacrylic acid and the methacrolein with

the methanol.

25 By recovery means (¢}, the methanol having a concentration

8



t he nethanol. 25 By recovery neans (c), the nethanol having a concentration
8 29 May 2006 of 95 % by wei ght nmay be obtained. Specifically, i&ﬁflaatﬁ%
descri bed the conponents (lI) - (IV) nay be obtained by recovery eans ?c).
The conponents (1) - (IV) may be utilized as the nethanol in the reactor
(e). 5 Wen nethyl nethacrylate is produced with the apparatus of the
present invention, nethyl nmethacrylate with high purity alnost free from
inpurities can be obtained and the cost for the production nmay be very
low. Wth rgffeggn@ebtyo@ ni, m&@y reeowbtyinkdnet Hpachifilwaldy . Ihepradxnste

i nvention may be descri bed as bel ow, which should not be construed as a

limtation ypon SERRGGhpbhen PEESENt (1vYemy e obiginkd by xddORIY
di agrami | |§§FP5§|B%S gﬂgt ep L|)n whi ch  nmethanol is recovered froma reaction

m xt ure obt ai ned t he,n.ca ' CQRPOSI fi afayreidyit itiudylaetiiar .
15 The net hBRBFSt EXBG rgg%\/%r%tnﬁblhﬁn%%gflrf? ist(;:)[??)duged inthe catalytic

deconposition of nethyl .t-butyl e The catal ytic deconposition of

met hyl t - buRQEDEPREr 1&&5’}% O,{/%’ac%@%@n {Gé'z)but yl ene without any problem while
t he deconposition reaction mxture ont.aj | SO0 W £
t-butyl 8l cohol, Wﬁ?érmQFHYéomﬁﬁgggfﬁét%e?%%P?gﬁggglwie?ﬁeﬁpas E}v\giel I as

i sobutylene. It is preferred that, frqomthe react] 1 Xt ;

i sobut yl eneofsthe @rgel iMveR iy Wg:ﬁlﬁlhgleﬁg’faﬁgkgl%@s%%'g%:]?]éélg?ugr%dty

recover ed. .
' almost free from impurities can be obtained and the cost for

the production may be very low.
With reference to Fig. 1, a recovery of methanol in the

10 preset invention may be described as below, which should not
58 construed as a limitation upon the scope of the present
invent-:ion . Fig. 1lisaflowdiagram illustrating-a step inwhich
ﬁethanol is recovered from a reaction mixture obtained by the
cétalytic decomposition of methyl t-butyl ether.

15 The methanol to be recovered in Fig. 1 is produced in the
catalyticdecompositionofmethylt-butylether. The catalytic
decompositionofnmthylt—butylethercanprovideanisobutylene
without any problem, while the decomposition reaction mixture
may contain methanol, isobutylene, t-butyl alcchol, water and

20 unreacted methyl t-butyl ether as well as isobutyiene. 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 In Fig. 1, methyl t-butyl ether is suppli.ed through methyl



The recovered nethanol is reused as a raw material for esterification. 25

In Fig. 1, nmethyl t-butyl ether is supplied through nethyl 9 29
t-butyl-ether supply line 11. The nethyl t-butyl ether is cata%%?%géﬁﬁg

deconposed in reactor 1 (reactor for catalytic deconposition) to obtain a
reaction mxture (catalytic deconposition step). The reaction m xture is

then supplied to 5 i sobutyl ene separation colum 2 (isobutylene separation
means) through catal ytic deconposition reaction product supply line .12.

In i sobutyl gne [@thep &8 2,1 ey { eacih RN micklr & - thist FEPEEALE 1ignt O
a firstrlomﬁggrfﬁﬁg ?Fight)_%%ﬂ%%néht 10 conprisfhg ?gbbutyléie and a %ﬁrst

hi ah- boi | i o ) | | _
tmer and. ot TEy Vhce EETAREOhE SR A5 ABELANCL roaRKbY cBrBACaL LLe

' i Si i sobut vyl . be_di d_f ' t ' .
ot o P B RE IR noar st E e . PrarEERM HERBy-BeP Tt Rl ae
to produce a nethacrylic acid and/ or a t,hacrol ein. The first .
hi gh- boi | i nG'{IRBRIILELPDHHEGR ) i s T PREFLCH MABERAROLS rRtt SAPPLdIsH 3
(hgthaggllrgigvery neani? throubﬁ gﬁ?gst hi gh-boi lin Ocor oneniy;ug I bine
14 (et hAnol ! §QRUAEHGNE 5 aRaER : L4ThRAEREO| SV e SERRTE L Rl PRAS

hi gh-boiling (heavy) conponent is separated into a second | ow boiling
(1'ight) through catalytic decomposition reaction product supply line

12.
In isobutylene separation column 2, the reaction mixture
is separated into a first low-beoiling (1ight) domponent
10 comprising isobutylene and a £first high-boilling (heavy)
component comprisingmethanol, t-butylalcohol, waterandmethyl
t-butyl ether (isobutylene sepal;ation step). The compcnent
comprising isobutylene may be discharged from isobutylene
separation column 2 throuéh iscbhutylene 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 (1ight)
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




conponent contai ni ng net hanol and nethyl t-butyl ether and a second

hi gh-boi l i ng (heavy) conponent containing nethanol, t-butyl al ﬁ%@gﬁ@é
wat er. 25 The second | ow boiling conponent is contam nated with y

2006 net hyl t-butyl ether, and nmay contain 95% by wei ght or nore of
met hanol based on the second | ow boiling conmponent. The nethyl t-butyl
ether contained in the second | ow boiling conponent may be easily

separated by djstil]ation,f t 4 E% rt)é"%t 53 OBy h s General g¢
after the eﬂ%#??#c%%%ﬁy%fé%ﬁ(?% ch%tamg éfnd?o?5 nma%‘?ol ein Wth
met hanol . Therefore, the second |owhojlir é L gt nt nused
as a met handpe?%?nf’%é)aﬁgpi?%%EFFSH%aJSOVt ? _lng raoen&g%%g?'th%?%gggng
| ow-boiling conponent is discharged from secoré(ajl]t I O\r,}\g bojflliln% cQ oenetpt
drain 10 |int-hBaYamther Geadatart e th& 8F PPPEatTGr Wkt Hi ¥ & Hethats YFY ¢
acid and/or the nethacrolein. On the other hand, the second hhgh- bgi %i ng
conponent malye A sl k¢ FaRFaE ted dughlstdddat iy Rreni PERBYLMPEREAEY afrhPn
line 16.. For producing methyl methacrylate containing a smaller 15 ampunt
of inpuristi eshic¢h dissgpneteteddf tepthif §staplEdeahdon SissNaTy A ghty
conponent before the esterification step so as to renove the nethyl :
t-butyl ethesn@potamesthadensin whthsoelthanolef erBisesefase, tiHe séeennd
| ow-boiling (light) conponent is supplied to nethanol-purifying
di stillati om&etusnl4nd0 {1t hpremppmedt nayi ba useahsy 2 melynakdondthe
| ow boi | i ng _
esterification as it is. For example, the second low-boiling
componentisCﬁjchargedfromsecondlow-boilingcomponentdrain
10  line 15a and is used for the esterification with the methacrylic
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-beoiling (light) component before the esterification step
so as to remove the methyl t-butyl ether contained therein. 1In
mmﬂuapreferablecase,thesedonlew-boiling(light)component
is supplied to methanol-purifying distillation column 4
20 (methanol purification means) through second 1low-boiling
component supply line 15. 1In methanol-purifying distillation
column 4, the second low-boiling component may be separated by
distillation into a third low-boiling (1light) component
comprising methanol and'methyl t-butyl ether and a third

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

11



conponent supply line 15. In methanol -purifying distillation colum 4, the
second | ow boiling conponent may be separated by distillation iiﬁ4§ 506€ird
| ow-boiling (light) conponent conprising nethanol and nethyl t-bu §| et her
and a third 25 high-boiling (heavy) conponent conprising 99.8% by wei ght of
11 29 May 2006 net hanol based on the third high-boiling (heavy) conponent.
The third high-boiling (heavy) conponent may be used for the
esterification as it is. For exanple, the third high-boiling conponent is

di schar ged Lty fabLaent iR RONDORENS 1 T8¢ hBakviylecdpomadt i s Treed

for the estdf ion wt e nethacrylic acid and/or the methacrolein.
The third lowbojljng,c nent ' Ag8d fidpMplehidsed owoboithieng
conmponent drté’ilﬁlfdihégliléggggé%ghipgg%{%ﬁ- %glﬁﬂang (heavli) conmponent may be

10 contam nated with traces of, t-buty I nd- at@{ 4 rd thilgh assiiie to
renove t hes@sdGRidH M B° plr ifica ?gn&?%ﬁélléhet hanol~ Wi t h 931 very high

purity before utilized as a raw material .for .the.esterifi| ' tldrsuch a
preferabl e cas@oRaR: f-ﬁiéﬁeﬁchﬁJ@%g‘Eéir|°F‘h%hﬁ§§\}€$‘ E’%%&eiﬁie‘#t’&.ﬂ%bggﬁp| ed to
15 net hanol -purifying distillation colum 5 through third I_gh-hoi.l.J
conponens supple/17amnd s yaeddtidfakbe e%ﬁ%‘flﬁt:‘r%ﬁﬁ Il g&ltt?n%hg “%%ek{z%aﬂr#o]l%
purification means), the third high-boiling (heayy) c phent iS S ted
by distill atdcind antigorathemathaereddini ngdhE %Bﬁ{f)vi %%%Q%nﬁéﬁfn%oér?%“ﬁ%feﬁ{gta
99. 9% bywei ght L _ in 1

may be discharged from third low-boiling component drain line

18. |

the third high-boiling (heavy) c¢omponent may be

10 contaminated with traces of t-butyl alcchol and water. It is
possible to remove these contaminants by purification to a
methanol with averyhighpurity peforeutilizedas arawmaterial

for the esterificatibn. In such a preferable éase, the third
high-boiling | {heavy) component is supplied to

15 methanol-purifying distillation column 5 through third
high-boiling component supply 1line 17. In methanol
distillation column 5 (methanol purification means), the third
high—bbiling (heavy) component is separatedbydistillationinto
afourthlow-boiling (1light) component comprising929. 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
impurities canbe cbtained‘. Insuchapreferablecase, the fourth

95 low-boiling component is discharged through fourth low-beiling

12



20 or nore of nethanol and a fourth high-boiling (heavy) conponent
conprising t-butyl alcohol and water. \Wen the fourth | ow boilg@g%aﬁljggﬁt)
conponent is used for the esterification, a nethyl nethacryl at tarni ng
an extrenely slight anount of inpurities can be obtained. In such a
preferable case, the fourth 25 | ow boiling conponent is discharged through
fourth lowboiling 12 29 May 2006 conponent drain line 19 and is used for

esterificati @amddhddie aratihen1hands drfieibawdd rbirg8s beirkirne earmonenh 15
di scharged through fourth high-boiling conponent drain line 20. In the

hod of i | £ 9BLER | L .
rothod of 1 et nghlte! hekol sl ef h3ofieBstiBed cBnghom i i Bl aTENER L0

Fig. 1, t-bu and water are “renoved; “unreacted nethyl

ether is then,re ed, | - o} .and .wat are
removed, so ggrtooqlo egfoov%?t‘q‘1 allélII pﬁ???%g?ﬁepﬁﬁ#%%ﬁ @grgl?’hgl\eé% gol Tication.
The order of the re al of.these inpurities in.the t.hanol . recovery/ 10
puri £1 cati on et nod Tt ShRGRSEBER, P REEREHHS ATViATRlCHbER 16T thed
order may be changed and any renoval _step may be omtted. The conponents
()’ - ()" aBPasoHisd BEEGReRSS b8 Fi8d Lac PHErhAHFORG} 1K water axe
esterification. 15 (1) ' A conponent that contains about 95% by weidght or
more of net REAEV &sks SRTGRT - 1 ghdemydmhdhedoiemnayedis 45t yi

al cohol, water and nethyl t-butyl ether. (Il) ' A conponent that is
obt ai ned by tbparagdiytmbufyll alcohol andwater are removed, soas to recover

and purify the methanol for the esterification. The order of
the removal of these impurities in the methancl recovery/

10 purification method is not restricted to the above-described
order. The order may be changed and any removal step may be
omitted.

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

15 (1I)" A compenent 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)' 2 component that is obtained by separating methyl
t-butylether fromcomponent (1)’ 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 welght or more, preferably about 98 % by weight or more, of

25 methanol based on the component (III)'.

13



t-butyl ether from conponent (1) ' and contains about 95% by weight 20 or
nore, preferably about 98 % by wei ght or nore, of nethanol ba P E?
conmponent (I11)". (Il11)" A conponent that is obtained by separ atl ng uatyl

al cohol and water from conponent (I1)' and contains about 95% by wei ght or
nore, preferably about 98 % by wei ght or nore, of 25 nethanol based on the

conponent (I11)"'. 13 29 May 2006 (1V)' A conponent that is obtained by
separating t-butyl aI cohol wat er and methyl t-butyl ether from conponent

(r)y and

cont ai ng ggr%’@%ew%' @ity o [ ehgas ﬁ?-%}g&%ﬁﬁgg@b&f 1

nore and nore pref

or rmre O ano ase

t he corrponent (v’ A met hacr n crolein f - Whi
is anot her al&REk eFRAETT R t"?‘/‘r’et}}%]oﬁug’ﬁ%é‘ 8F f"rﬁt m ﬁ\?ﬂ?&&eﬁctat(g
obtained in a known nethod by catal ytic vapor_ phase oxidation of, th

i sobut yl ene cand/adms AW % tdtoMe R | s RRTFERRIE M b %t}?fél“ﬁ%’dg}b’gl or
deconposi tion of methyl t-butyl ether. The net hacr£I Ic acid and a

met hacr ol ei moxey abpé vbrai pre¢ferabd kAW FePHowebyh

RBINRFE VagtrtisHie

oxi dation of t-butyl alcohol and/or isobutene. Al so, a nethacrylic acid

may be ®bt diased ion dHenocvempendmwt byVEatal ytic vapor phase oxidation

15

of nethacrolein or isobutyl aldehyde. For the esterification of a

met hacrylic acid anfleehagryEichacid end ainéthaoeehahol , eachesf evhf¢lrds on

catal yst such

10

15

20

25

another raw material for the production of methyl methacrylate,

fnay be obtained in a known method by catalytic vapor phase

oxidation of the isobutylene and/or t-butyl alcohol.

Isobutylene can be obtained by decomposition of methyl t;butYl

ether. The inethacrylic acid and a methacrolein may be obtained

in a known method by catalytic vapor phase oxidation of t-butyl |
alcohel and/orx isobutem_a. Also, a mefhacrylic acid may be

6btained in a known method by catalytic vapor phase oxidation

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. Preferably,
a strongly acidic cation exchange resin is used. Examples of
the strongly ac:.dic 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 cut, using a suspended

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

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

14



as an acid and a cation exchange resin may be used. Preferably, a strongly
acidic cation exchange resin is used. Exanples of 20 the strongby gkﬂbg
cation exchange resin include a porous strongly acidic cation exchange
resin, for exanple, DUOLITE C-26CH (manufactured by Sum tonmo Chem cal Co.
Ltd.). The esterification may be carried out, using a suspended bed or
fixed bed; in aliquid phase at a tenperature of from 25 about 70 Cto
about 120 C. A polynerization inhibitor may be 14 29 May 2006 added to the
esterification m xture. The pol ynerization inhibitor 5% be added.may.be
convent i onal 4§d&dovre pshenees bl i HkcatheR et uhBeamt Opoiﬁgerlza +on
pol ynmeri zation inhibitor include hydroquinone, phenothiazine and,

met hoqui noneinbiFheorasube iadg esioay b ebres Hetonal &SNP PLYESTILEA LAAY
be purified by distillation in a conventional manner. That is, the
esterificatioghibktore rEyabplsspef atleel mylyhieritabiponinhibitardiscipfst e
conprising nethyl nethacrylate and water, both of which are generated by

the esterifigali@guifsabi, Opheaddtinednlecdnt0 medhnoinomad into a _
hi gh- boi | i ng conmponent mainly conprising unreacted nethacrylic acid. The

distillate may be -ﬁ%’%fé’#miﬂ@%@o@m:&i bbphasedant theratee rilfase tafdremay
cooling. Fromthe o1l phase, the nmethyl nethacrylate is obtained by

distillation,g AR deYRd £ ¢ PDRSEs of ik BRSAIOROA L Snapemuered. Dyrnat is,

distillation: e recovered net hanol nmay be fed back to the

esterificatign, SLeR ¥1¢A8 JifHEEturOndEe Sebaratdiithy @16 ti gk {0 Ligo

conponent
a distillate comprising methyl methacrylate and water, both of

whicharegeneratedbytheesterificatiohréaction,andunreacted

10 methanol; and into a high-boiling component mainly comprising
unreacted methacrylic acid. The distillate may be se_parated
into an oll phase aﬁd a water phase'after cooling. From the
oil phase, the methyl methacrylate is obtained by distillation.
From the water phase, the methanol isl‘ recovered by distillation.

15 .The recovered methanol may be fed baqk to the esterification
stepandbereused. Onthe otherhand, thehigh-boiling compqnent
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 Asdescribedabove,thepresentinventionprovideaprocess
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

26 catalytically decomposingmethyl t-butyl ether, followed by the

15



may be fed back to the esterification step as it is, or is preferably fed
back after recovering the nethacrylic acid contained therein b%;N{ 2006
distillation. 20 As descri bed above, the present invention prov ae
process for producing nethyl nethacrylate in which a nethanol obtained by
catal ytically deconposing nethyl t-butyl ether is used together with a

nmet hacrylic acid and/or a nethacrolein. The nethacrylic acid and/or the
nmet hacrol ein nay be obtained by 26 catal ytically deconposing nmethyl t-butyl

ether, folloveds By 1061%2 33k 3098a£3bA! o ithe ABSL1RAASLAObBLE 081 0h
€COnposi n

the resulting 1 0 product. The process in the present invention

successfully r$$%tés f$€$§{$gég¥eiﬂs%h%fﬂﬁ?%§?¥”iﬂf§ﬁ%55ﬁssu E@sé@ﬂfﬂ?ipn

bei ng thus d&s2r) e apparent at ‘the same nay be varied in
many ways. Such variatio are to be regarded as wthi e spirit and
scope of tm§¢$ﬁ%ﬁ%i%ﬁ,egfaﬁﬁlaﬁ|“E&cﬁfnﬁﬁﬁﬁﬁﬁﬁ%<ﬁ%§éﬁ?§é€1d be appar ent
to one skilled in the art are intended to _be w.thin the sggpg of the £
following clai ns.The IRednkan Sedingt B8iE 8861 1REY afdn¥de PREeRPPA-ED
Application No. 2001-135628 filed on_May 2, 2001 and _the Ja an%se Pat ent
Appl i cat Bon Nkt 2061 s28R7 ey PEeHabhebebt didfef WS 206¥CTh¥aR1aAaRE st g

speci fication, clains, drawings and sumary, are_ incorporated herein by
reference intd fhei regariledt §s Whtirke theesphtitnsehtIwiPe STIéber 1Pt %Hor e

detatl by and all such modifications as would be apparent to one skilled

in the art are intended to be within the scope of the following

claims.

10 The entire disclosure of the Japanese Patent Applicatioh
No. 2001-135628 filed on May 2, 2001 and the Japanese Patent
Application No. 2001-288771 filgd,on September 21, 2001,_both
indicating specificatiop, claims, drawings and summary, are

.incorporated‘ﬁerein 5y reference in their entirety.-
15 The present invention is described in more detail by

followingExamples,whichshouldnotbeconstruedasa]jﬂdtation

upon the scope of the present invention.

Example 1

20 The catalytically decomposition of methyl t-butyl ether
was carried out to obtain a reaction mixture containing
isobutylene and methanol. The reaction mixture was separated
by distillation into a first high-boiling component and a first
low-boiling component. The first high-boiling component was

95 then separated by distillation into a second high-boiling

16



foll owi ng Exanpl es, which should not be construed as a limtation upon the
scope of the present invention. Exanple 1 20 The catalytically 59 n7av2006
deconposition of nmethyl t-butyl ether was carried out to obtain a Yéacti on
m xture containing isobutylene and nmethanol. The reaction m xture was
separated by distillation into a first high-boiling conponent and a first

| ow- boi | i ng conponent. The first high-boiling conponent was 25 then
separated by distillation into a second high-boiling 16 29 My 2006
conponent anshipseértd andw-d ok king dc drporieait L 1The COBEERE™ 1 ow- DT | RGO

conponent contained a 98% by wei ght of nethanol, 0. 9% bywei ght of nethyl
t-butyl ethefyy 99V hyvebgpbnehtt ebutyplined eoh8R, byeveiahtopbymaehahrlef
i nert conmponents and a snall 5 anobunt of water. A distillation device

mai nly made of + BEGRaregh © -The ydi sthét avi. 08 ¥dey wed ghad @t -butyl
distillati on&'c%?bﬁe%@g- L gl aslgﬂlf | ask (connected to the colum at its

bottom and a ¢ ns npegt-efet @nithescohyfm abmpbaehas) andoki agadit h
wat er. The .%%gﬁrlﬁéy?éﬁgcol uir(m vvag a cylindrical glass colum (inner

di anmeter; 30 which_ packed with a D ckson packing with a dianeter
of 3 nm Po f‘%ﬁﬁtogfw\%grém (so that the theoretical plate nunber is 23).

i st 11 at i on' 1 rom & HE et L 28 A BTG e ot e T ot oug e
The distillation device had a distillation column, a 2-1, 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 2 cylindrical glass »column {inner
diameter: 30 mm) which Qas packed with a Dickson packing with
a diameter of 3 mm té a height of 120 cm (so that the theoretical
plate number is 23). Using the distillation device, methyl -
t-butyl ether was removeci by distiliation 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

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

condensed in the condenser, were dlischarged from the device at

95 a rate of 29 g/h in 'the form of vent gas. The bottom liguid

17



The operating pressure was set to atnospheric pressure during the
distillation. Heating of the distillation columm was carried O%Ng% 006
heating the bottomof the flask with an oil bath. The second | ow i2|ing
conponent was supplied at a rate 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 anbunt of the renai nder was fed back to the
distillation colum. The. inert conponents, which were not condensed in

t he condenser, re di gd,d o dih e dey i ato25 186 5 af £h din@%tigé heim
the form of W\‘—i‘gn\t&%@’d&sn%dsrhe ngttomiﬂi quid 17 29 May 2006 was drained fromthe

flask at a rate of 1165 g/ h, i S i e o808 b O DA 1 he
ig@% ﬁ{)lﬁ?@q{ﬁﬂﬁor{? Jt tWBScsvaRhi £6 4 e4theo f

col um at aYf& 8Y8F he concentrations of methyl t-butyl

“ether and t-butyl alcohol in a drain.o | ned. f h G, m
or less 5 aW@e@YGé% 15’39%3‘?1'@' ?&%@f)la(&?i@é?{/lgit 1I%éijtﬁe le%&ﬁﬁl&arﬁﬁt he t%;)ppof

the colum was 62.5 C, the tenperature of t b | QUi Lot f k
was 66.5 C, adwdhde ifed D @&ﬁ?é‘ﬁ’ter‘ifEF(?H‘ Pﬁetﬁ%ésolg]rﬂa%%%tzakgrendg?rlbénﬁ he
flask was 99. 8% by weight. 10 Exanple 2 The sape. distillatign |

used in Examplde 01 0f&sbyprepahtd ERERBELENEEYa gﬂ?‘ék‘é%’ﬁpﬁﬁéi}lﬁg %gtetf\qﬂ%etc%s

dianeter of 3 nm was packed in the distillation colum to a height, of, 150
cm (so thaloft faet bebueh iveed 63 . éCnmhmrtemeZ'ﬁ)t.un%PﬁgtPﬁeb‘aFE?fﬁl Hh 15
device, the nethanol in the drain (third high-boiling conponent)

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 Dic]_tson packing with a diameter of 3 mm

was packed in the distil_lation column tc a heighf. of 150 cm (so
that the theoreticalplate numberis 27). Usingthedistillation

15 device, the methanol 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 fo the distillation column. A distillate condensed

in the top condenser was drained at a rate of 318.5 g/h and the

90 remainder of the distillate was fed back to the distillation

column. The rate of discharging the bottom liquid from the flask

was set to 6.5 g/h and a rate of supplying the air from the bottoem

of the column was set to the same as in Exampl_e 1. When the

concentrations of methyl t-butyl ether and t-butyl alcohol in

95 a distillate became 2 ppm or less and 3 ppm, respectively, the

18



whi ch had been obtained in Exanple 1 was purified by as follows. The third
hi gh-boi | i ng conponent was supplied at a rate of 325 g/h to th§9Ma 2006
distillation colum. A distillate condensed in the top condenser waS
drained at a rate of 318.5 g/h and the 20 renmai nder of the distillate was
fed back to the distillation colum. The rate of discharging the bottom
liquid fromthe flask was set to 6.5 g/h and a rate of supplying the air
fromthe bottom of the colum was set to the sane as in Exanple 1. Wen

the concentrations of nethyl t-bu et her _and t-.huty i
distillate EéwﬁﬁﬁaﬁuﬁﬁnﬁlBrtr{eeggpa?%)%ep‘b urP’é%aesctG?vtgl &f/,‘ aéfrﬁé;@%@pzega%/gg@m%
tenperature at the top of the colum was 64. 5C, _{he.tenpe r e
bottom | i qued thettrtfenaskiqnsd 6 sée 3%&5%‘53%?{’1a§o¢' no({n%tgtlét rﬁlggzli)lfgﬁ%?n

“the distillate was 99. 9% by wei ght. Production o hy| hacryl ate was
carried out chpcebtpaifionniliy ¢ esksdrikhat WS 0$9{T§% ﬁ%t ﬁg%gﬁ%'

obt ai ned

above as the distillate with a nethacrylic acid reagent é&pecigl Eage,
manuf act ured by VWkodRotéoChefi degthnbuBeEhasrylade) Wasg eldi¥1+e |P§, Ke

esterification was carried out as follows. A solution conprising_ 20% by

wei ght of t Berfeirhanal an kb it & heat bpows abetm@taagpilwg{)%i%@ DG

wei ght of the nethacrylic acid reagent was prepared. Al so, a fixed bed

reactor naggeodi 30466 aadvhidviange2hanmyilici ankd whagener( shee 8o IFALeN
hei ght was prepared. The fixed bed was packed with an ion exchange resin

DUCLI TE (mapyhaehukadedy Suni twokp CardealCl@nical Industries, Ltd.).

Specifically, the esterificatién was carried out as follows.

A solution .comprising 20% by welght of the methanol

10 obtained above as the distillate and 802 by weight of the

methacrylicacidreagentwasprepared. Also;afixedbedreactor

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

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

exchange resin DUCLITE (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£ixed bed lreactor

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‘tOIneéhylxnethacrylate 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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15 Ltd.) as an esterification catalyst. The solution of the nethanol and
the nmethacrylic acid reagent was supplied under the pressure oégﬁﬁgﬂﬁﬁg
into the bottomof the fixed bed reactor to conduct the esterification,
while nmaintaining the reactor at a tenperature of 80C. The resulting
reaction product was 20 purified by distillation to obtain a nethyl

met hacryl ate. The conversion of nethacrylic acid to nmethyl nethacryl ate was
from 47%to 48% The concentrations of inpurities contained in the nmethyl
met hacryl ate were obtai ned by gas chromat ographic analysis, which are
shown in Tabfemparsd ifg Fx ©0b6 Conparative Exanple 1 The same process
as in Exanple 2 was carried out except that, instead of the nethanol

obt ai ned i n Exanpl 8h2 asmehprogpsei #fatl ExaRpERihMay A Thaiy except
(manuf actured by Wko Pure 5 Chem cal Industries, Ltd.) was used to obtain
a net hyl nethatryliatssedfheo £ obher sedhavblnebltadngld cirackdamplaehgps the
net hacryl ate was from47%to 48% The concentrations of inpurities

cont ai ned i ndi Beinekhy, aeplkadayl-areadsene thbhail nechnula glsr e barigtloy Papki ¢
anal ysis, which are shown in Table 1. 10 The results in Table 1 show that,
by usingsa nehbanekl resaustedeand pudifi ehd r amethetcat@bysis a methyl
deconposition of nethyl t-butyl ether, the sane grade of nethyl
ﬂﬁthacry|atem&EhabryQ%&%afn@hé Shoingatrsameuds ofe inquiryli€savas ebt acnagias
t hat

methacrylate was from 47% to 483. The concentrations of
impurities contained in the methyl methécrylate were obtained
by gas chromatographic analysis, which are shown in Table 1.
10 The results in Table 1 show that, by using a methanol
recovéredandpurifiedfrbmthecatalyticdecompositionofmethyl
f-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 <(.0002

Comparatlve | ., 4401 <0.0002 <0.0002 <0.0002

Example 1

20



obt ai ned usi ng the special -grade nethanol reagent. 15 Table 1

| npuritiesl sobutyl enet-Butyl Met hyl Met hyl (% al cohol t-butylt-but %M;@ﬁ)toger
(Yether (%9 Exanple 1<0.0001<0.0002<0.0002<0. 0002

Conpar at i ve<0. 0001<0. 0002<0. 0002<0. 0002 Exanple 1 20 29 May 2006 WHAT IS
CLAIMED I S: 1. A process for producing a nethyl nmethacrylate, the process
conpri si ngvH4le 3% €pesADIED 5181 ) deconposi ng net hyl t-butyl ether to obtain
an isobutylene and a nmethanol, (i-2) separating the isobutylene fromthe
deconposition reaction m xture prior to the oxidation step of the

i sobutyl ene, 10 (ii)aoptdtesng tohe grsahiditleng methbl ainfdtdladr§asiceQnNeche
conpound selected froma nethacrylic acid and a nethacrolein and (iii)

esterifyi r}gf@éeEL@a&SmﬁlfSﬁst§%§Cégd fromthe methacrylic acid and

the methacrolein with the 715 methanol to produce a nethyl nethacrylate. 2.

The progess accodi gL QuGd & B 2, ndUAFPe ¢ butyl ether to obtain an

isobutylene and a methanol,

(1-2) separating the isobutylene from the
decomposition reaction mixture prior to the oxidation step of
the isobutylene,

10 {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 the methacrylic acid and the methacrolein with the

15 methanol to produce a methyl methacrylate.

2. The process according to claim 2, further
comprising a step of recovering a methanol from the remaining
mixture obtained after the separation of the isocbutylene,

20 prior to the esterification step.

3. The process according to claim 3, wherein the
recovered methanol has a 95% by weight or more of methanol
based on the recovered methancl and contains at least one

25 compound selected from t-butyl alcohol, water and methyl t-

butyl ether.
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conprising a step of recovering a nethanol fromthe remaining mxture
obt ai ned after the separation of the isobutylene, 20 prior to #é’uﬁ/{ 006
esterification step. 3. The process according to claim 3, wherefh aP{ez
recovered net hanol has a 95% by weight or nore of methanol based on the
recovered nethanol and contains at | east one 25 conpound sel ected from
t-butyl al cohol4. watBre ancdbrmetdgsd t -adngnding heto 21c28ivhy 2006 Zurtiher
process according to claim3, further conprising a step of purifying the
recover ed emipwedwing 5a dhep poOCEssi aginy dihg toecelraradSmevhenein the 5
purified nethanol contains about 95% by wei ght or nore of methanol based

on the purified nethanol. 6. The process according to claimb5, wherein the

purified nethanol contains about 99% by wei ght or nore of 10 nethanol

based on the puifi getﬁgg@ 7. dbsrprogess,accprdingsto Glaim o, th
wherein the purifi 2%111rret_ ano SSconz%al ns a %ut %9%0/%%4;/ wel ght “or nore o
et hanol5 bp?&]?ldffgdt%%t%%gofll egoggéﬂ%mlabo%zc 95% by weight or more of

methanol based on the purified methanol.

6. The process according to c¢laim 5, wherein the
purified methanol contains about 8$9% by weight or more of

10 methanol based on the purified methanol.
7. The process according to <c¢laim 5, wherein the

purified methanol contains about 99.9% by weight or more of

methanol based on the purified methancl.
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