PROCESS FOR PREPARATI ON OF METHYL METHACRYLATE USI NG RECYCLED METHANOL The
invention relates in general to a process for production of nethacrylic
acid, to a process for production of nethyl nethacrylate, to an apparatus
for production of nmethacrylic acid, to an apparatus for production of

met hyl nethacrylate, to a process carried out in the apparatus, to

nmet hacrylic acid obtai nable by the process, to nethyl nethacryl ate
obt ai nabl e by the process, to nethacrylate esters, to a process for
preparation of a polynmer conprising at |east one nethacrylic acid, nethyl
met hacryl ate or nethacrylate ester nonomer unit, to a polynmer conprising at
| east one nethacrylic acid, nethyl nethacrylate and/or nethacryl ate ester
nononer unit obtai nable by the process, to a process for preparation of a
conposition conprising at |east one of nethacrylic acid, nethyl

met hacryl at e, ryl sition, to
chem cal pr oduggég%r%)ﬁapizi%ﬁgé‘%ﬁéq 3%@?4 '&hgﬁgﬁ Rﬁf%\%%’ )%@P%Eggl , et hyl
met hacryl ate, methacryl ate ester, augrahyaer and/or a conposition, and to
the use of at |east one of nethacrylic acid, nmethyl nethacryl ate,

met hacryl ate ester, a polyner and/or a conposition in chem cal products.
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Methyl methacrylate (MMA) is itself a valuable industrial product with estimated
current worldwide production of 3.3 million metric tons per year. It is principally



3 Apreferred route is the esterification of nmethacrylic acid with

nmet hanol . According to a widely used industrial process for preparation of
met hacrylic acid, isobutylene or tertiary butyl alcohol (TBA) is oxidised
on suitable catalysts, first to nethacrolein and then further to

met hacrylic acid. Either the nmethacrolein or the nethacrylic acid can then
be esterified with nmethanol, in the case of nethacrolein in an
oxyesterification reaction, to formméthyl methacrylate. So-called
oxyesterification processes are known, for exanple from US 4, 060, 545, US
4,014,925, US 3,925,463, US 3,758,551, US 5,670,702, US 6,107,515 where
oxi dati on of propyl ene, isobutylene, acrolein or nmethacrolein and
esterification of the oxidised product to an acrylate or a nmethacryl ate
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result in shorter catalyst lifetimes. As such, a cracker C4 effluent is
thus generally not suitable for direct oxidation to nethacrolein,
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art. aminoalcohols, among others, have applications in, for example, contact lenses,

coatings, drug delivery, controlled release of active substances, adhesives,

lubricants, flow improvers, compatibility agents for polymer blends, bonding

agents, food packaging, lacquers and PVC-free underseal compounds for

automobile manufacture.

Various processes are known in the art for preparing methyl methacrylate, such
as those based on hydrolysis of acrylonitrile or on the reaction of acetylene,
carbon monoxide and an alcohol in the presence of a nickel carbonyl complex.
An acetone cyanohydrin (ACH) route, with acetone and hydrogen cyanide as
raw materials, is also applied. A disadvantage of these routes is the extremely
high toxicity of nickel carbonyl and acetone cyanohydrin.



Anot her obj ect was to provide an econom cal, flexible process for producing
nmet hacrylic acid, nethyl nethacrylate and other esters thereof, froma C4

f eedst ock conprising isobutyl ene and/or TBA. A further object was to
provi de a process for producing nethacrylic acid and esters thereof,

i ncludi ng nethyl nethacrylate, where reactants can be recycled to as | arge
an extent as possible, in particular to enable efficient and econom cal use
of resources, w thout disadvantageousPy affecting the yield and/or quality
of the products. A particular object was to avoid the use of highly toxic
chem cals in the production of nethyl nethacrylate. 5 the category-formng
clains descri be preferred enbodi nents according to the invention. A
contribution to the solution of the above objects is made by a process
according to the present invention for preparation of nethacrylic acid,

conprising,the steps: a roviding a feed conposition conprising at |east
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provi di ng nmethanol; c) subjecting the at |east one C4 feed conmpound and the

met hanol to a first catalytic reaction zone to obtain a reaction ,(E)hase
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acid, isobutylene or tertiary butyl alcohol (TBA) is oxidised on suitable catalysts,
first to methacrolein and then further to methacrylic acid. Either the
methacrolein or the methacrylic acid can then be esterified with methanol, in the
case of methacrolein in an oxyesterification reaction, to form methyl
methacrylate.

So-called oxyesterification processes are known, for example from
US 4,060,545, US 4,014,925, US 3,925,463, US 3,758,551, US 5,670,702,
US 6,107,515 where oxidation of propylene, isobutylene, acrolein or
methacrolein and esterification of the oxidised product to an acrylate or a
methacrylate takes place in the same reactor.

C, fractions supplied directly from crackers do not generally comprise
isobutylene in sufficiently high purity for direct use in oxidation to methacrolein
and/or methacrylic acid, since they contain infer alia other unsaturated Cs
compounds which can also undergo oxidation to form undesired products which
can only be separated with difficulty from the desired methacrolein, methacrylic
acid and/or methyl methacrylate and thereby decrease the efficiency of the
overall process. In addition, these other unsaturated C4 compounds can poison
the catalyst, necessitating more frequent regeneration and thus down-times, or
result in shorter catalyst lifetimes. As such, a cracker Cs effluent is thus
generally not suitable for direct oxidation to methacrolein, methacrylic acid
and/or methyl methacrylate and isobutylene must generally be isolated from
such a C4 fraction before it can be subjected to oxidation to methacrolein and/or
methacrylic acid. Separation of isobutylene from other Cs4 compounds, for



d) separating at least a first part of nethanol fromthe reaction phase to
obtain a first nethanol phase and a reaction phase depleted in nethanol; e)
subj ecting at | east one of the reaction phase and the reaction phase
depleted in nethanol to a second catalytic reaction zone to obtain a
splitting phase conprising isobutylene and nethanol; f) optionally
separating at least a first part of isobutylene fromthe splitting phase to
obtain a first isobutylene phase and & splitting phase depleted in

i sobutyl ene; g) optionally subjecting at | east one of the splitting phase
and the first isobutylene phase to a first purification zone; h) subjecting
at |least one of the optionally purified splitting phase and the optionally
purified first isobutylene phase to a third catalytic reaction zone to
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MTBE is highly selective for isobutylene, thus facilitating a separation from other
C4 compounds. MTBE is then back-cracked (“split”) to afford isobutylene and
methanol. Isobutylene can also be obtained from splitting of ethyl tert-butyl
ether (ETBE) to afford principally isobutylene and ethanol, together with side
products.

An object of the present invention was to at least partially overcome some of the
problems associated with the prior art.

Another object was to provide an economical, flexible process for producing
methacrylic acid, methyl methacrylate and other esters thereof, from a C4
feedstock comprising isobutylene and/or TBA.

A further object was to provide a process for producing methacrylic acid and
esters thereof, including methyl methacrylate, where reactants can be recycled
to as large an extent as possible, in particular to enable efficient and
economical use of resources, without disadvantageously affecting the yield

and/or quality of the products.

A particular object was to avoid the use of highly toxic chemicals in the
production of methyl methacrylate.

A contribution to the solution of at least one of the above problems is made by
the subject matter of the category-forming claims. The sub-claims dependent on



b) providing nmethanol; c) subjecting the at | east one C4 feed conpound and
the methanol to a first catalytic reaction zone to obtain a reaction phase
conprising methyl tertiary butyl ether; d) separating at least a first part
of nmethanol fromthe reaction phase to obtain a first nethanol phase and a
reacti on phase depleted in nethanol; e) subjecting at |east one of the
reacti on phase and the reaction phase depleted in nethanol to a second
catalytic reaction zone to obtain a splitting phase conprising isobutyl ene
and nethanol; f) optionally separating at least a first part of isobutylene
fromthe second reaction phase to obtain a first isobutylene phase and a
splitting phase depleted in isobutylene; g) optionally subjecting at |east
one of the splitting phase and the first isobutylene phase to a first
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splitting phase and the optionally purified first isobutylene phase to a
third catalMyeMOrn: eaction zone to obtain an oxi dati on phase conprising at

| east one C4 oxidation product selected from nethacrol ein and nethacrylic
acid; i) optionally subjecting the oxidation phase to a second purification
zone; j) sHbf@vtbuignt ieethepselohen 19f tharadavedokigetaaisi MAdpHAsE PBCESF ourt h
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puri fi cat i cemprigieg the steps:

a) providing a feed composition comprising at least one C4 feed compound
selected from isobutylene and tertiary butanol;

b) providing methanol;

C) subjecting the at least one C4 feed compound and the methanol to a first
catalytic reaction zone to obtain a reaction phase comprising methyl
tertiary butyl ether;

d) separating at least a first part of methanol from the reaction phase to
obtain a first methanol phase and a reaction phase depleted in methanol;

e) subjecting at least one of the reaction phase and the reaction phase
depleted in methanol to a second catalytic reaction zone to obtain a
splitting phase comprising isobutylene and methanol;

f) optionally separating at least a first part of isobutylene from the splitting
phase to obtain a first isobutylene phase and a splitting phase depleted
in isobutylene;

g) optionally subjecting at least one of the splitting phase and the first
isobutylene phase to a first purification zone;

h) subjecting at least one of the optionally purified splitting phase and the
optionally purified first isobutylene phase to a third catalytic reaction zone
to obtain an oxidation phase comprising at least one C4 oxidation product
selected from methacrolein and methacrylic acid;

i) optionally subjecting the oxidation phase to a second purification zone.



7 The C4 feed conpound, preferably the isobutylene, conprised in the feed
conposition provided in step a) of the process according to the invention
is preferably obtained froma cracking process, preferably a thermal or
catal ytic cracking process, preferably froma C4 effluent froma cracker,
preferably froma C4 effluent froma steamcracker or froma fluid
catalytic cracker. C4 effluents froma cracker generally conprise a m x of
ol efinic C4 conpounds such as butadi efte, isobutylene, 1-butene and
2-butene, as well as isomeric butanes. The cracker C4 effluent is
preferably subjected to at | east one purification and/or separation step
before being provided to the process according to the invention. For
exanpl e, the cracker C4 effluent can be subjected to an extraction or a
hydr ogenat AogontiidutiBaAr fol fHel 8bluflors &f afé | Mvexbijastsi i8Nmade ydaoprizass on to
remove or convert butadi ene. The but adi ene-depl eted or butadi ene-free
raf fi nate PEOiRg g theoriesepuinvENEeR fekPreraration of Msthylogeiacdateean t hen
be used, f@imsriiPiR stéss:feed conposition in the process according to the
invention. The feed conposition then preferably conprises isobutylene,
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9 step b) can also be recycled to step b) fromone or nore process steps of
the process according to the invention, for exanple as at |east one

met hanol phase separated fromthe reaction phase in step d), step f) or
step k) of the process according to the invention. It is preferred that at
| east a part of the nethanol provided has been separated in step f) of the
process according to the invention. It is preferred in the process
according to the invention that in stép b) the nethanol is provided in a
nol ar excess, preferably a stoichionetric nolar excess, conpared to the at
| east one C4 feed conpound, preferably in a nolar ratio of nethanol : C4
feed conmpound of 10 : 1 to 1: 1, preferably 9 : 1 to 1. 1, nore preferably
8: 1tol: 1, nore preferably 7 : 1 to 1 : 1, yet nore preferably 6 : 1
to 1 :1, mpre f edeRy é@ﬂn}éo@nd areté?a&y the @M@ﬂ}/@ﬁé ec@msﬁgé@m ¥he feed to 1 @1,
nor e preferably 3: 1, nore prefera to 1l : 1, nore
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reference aid,hgr ﬂem%@%na% SEHORbRafds, tﬂm&a&%@ag%w The

ef f | uent fromthe Irst catalytic reaction zone 1s prefera ected to
a purifi cacoropositidy prefesally samprisenat east 4 wil, oreferaply plelgest

distillati t 1

chr omat ogr@;z)5 be%hf& 668 Gélq'h@d%ﬁip‘t'e)r%npr]‘3 a%?sa?tl%%?% I Velgzof e(\),ﬁre of a
distillati mnrearpdefarabéwtat dmstofm wiref moade)lwefecatw cﬁtsieaﬁtl 8% ivdrte, morgt ep d) of

t he proces dj oV o] eas f o t hanol

i s separat é@%ﬁ@&\ ]fath Sgaé:é{]:%\(l)tnp ﬁ%tré &gfe@%tgl#:n% ierag%ésolrjg\j}te@ tgﬂ{%gef eed
conposi ti opretfeyabllyeah‘ il @ et Qzatvetl%st aod reeot mane zoeteralp ablessh 35 wirkst

met hanol pha regction phase depleted in nethangl.. The nethanol to
be separ at Qagvtﬁgpﬁi ?%ngopsﬂl‘?m&eﬁgta&&f{gtﬂ n“tﬂ qgmp@Hnge e 41§ r%ﬁati ally
ari seZ. fr omrhb@slm as@efmﬁé@&_?_ﬁd c@ﬁ@g@tﬁﬂﬂpiéﬂerﬁb@mohiprsﬁs tdse trmroam,sh

accordi ng i nventjon e net ha rese t he reac ase can
oo b or B atiiepralerabl s s Poortaog e opicrebfess dbet abethbn Mrae
It is prefgt Vﬁ@eﬁﬁﬁﬁé PraTerably lebe thahv ehdut B0 Whett edén Ineretpro@Pabipreaker abl y at
| east 60% nore preferably at | east 70% yet nore_preferably at Ieast 80%

even nore heefadoEbRY W%, '@8"5& Prefryabldess HraROPHbIY Wii%.| rea Pretesgblyet nor e

pref erabl yjeak ti‘xé’fﬁéﬁoéﬁf% wiod, %&*eeér%féi%lg 1&ds h%ﬁsébo%?% v@tV%‘ Y@ heorBr ef erably
at least 98% nore preferabl’y at [east 99% and rmst@gre erably all of the

met hanol cPigfRrEBlgdessthenealiash S wiofe, pigs evans Moes arefer@dlyf leemthateab@ict i on

phase in step d). Suitable nethods of separation



11 are known to the skilled person and conprise, for exanple, distillation,
adsorption, absorption, extraction, for exanple water extraction,
separation using a nenbrane, pervaporation, phase separation azeoptropic
distillation and the like. In particular, suitable nethods are described in
J.G Stichlmair, J.R Fair, "Distillation: Principles and Practice",

Wl ey-VCH, 2001, (p. 238 for azeotropic distillation), H Z Kister,
"Distillation Design', MGawHi ||l Préfessional, Pt edition, 1992 and

H Z Kister, "Distillation Operation”, MGawHi |l Professional, Pt edition,
1990 and in DE 102 38 370, as well as in the references nentioned above
Wth respect to the preparation of MIBE, in particular in US 5, 336,841, US
4,665, 237, US 4,774,365, US 4,299,999, US 5,243,091. The discl osures of

these docusit® CLESRAINIY ciRRaAA isBBuglenBBEiENSd 11buRINea 21RAGHd g phase
arising from production of MIBE are herewith incorporated by reference and

. Y.
form part oftappaged Ondle iatal@mauné opeesRPOYNipdR thesieed FREPPEEIQR- met hanol
phase can be subjected to purification, for exanple to renove water or
ot her undesired conponents conprised therein. Suitable nethods of
puri fi cat i S¥chap €OMPPBItiRn 6@ beidised doserxarame] dieastly @stradinatetfrefAdh@ onpri se,
for exanpl I Stk i tifi .0 . g,
extracti on?ooa\%srﬁlﬁ%lﬁr%% ngg E)e?]%t ie%ig?&@by{bﬁg%ﬁ%@%&ﬁ&%ﬂﬁ@ﬁel ?@%mgrhgf erred
enbodi nent defleteti corpbdadisse-free oatiinate tw at $eparativanpriooess, dor exarspleaapart ,

preferably .£as V) ferahly.. 0% [ y,at | east
70% even (?’r)g(tae&grie% JEE%B{?”Q&@? ’ %eg‘g'%é@g% b%@%@ré%‘@@r@%ﬁ?ﬂg ’eaast 85%
nmor e pr ef ecablyfic atistlletist MB084reavive distibatipnefier aidey tatobteiase P@Yuctyet nore
preferably at |east,95% nore preferall | ,east 97% .eyen .e preferably
at | east 9@‘9&6@@}’@ borpeP%PHBtl S') lﬁf’ qaggsqq féﬁ)é”%@e&pa'éﬁaﬁ'§ﬁ1 ?/orggrlr's"ﬁ t he

met hanol cigoputylead ashnidire copiponaat togethar ifithe dafiables tarmeinfsad lotipdra€e, based
on the nmethanol in the first t hanol, phase, i gyided to the fourth
catal ytic PEERRYTSE PEREPalY 3-BHIENS, Aond Fe oot MEhBPIRD BROHPLOT 48 to t he
fourth catedpdraton sr@essPbormpisest mamiyt Peutdries whiat benoe sabpeteddepands on the
anount of nethanol required for the esterification and thyus gn the anount

of met hacr FPMETsRY RIBFARATe (¥ FPBPIGEN TN RE@eSISRTOECT YR PEN 'S e, as
vell as ongidieadRest aQbilabRl RBRPkhdPE8SPRAY IABE henimis Giomi hajet thbase. |t

i s possible according to the process according to the invention that MIBE
ari sing freammeeciali rrame atQ@elng ¢ Goaxersiopn Zesolasy MREETF r oHANnofher

source, fo lare] EEE fhal tiordl SadvaRRIgResk iddhCandiures JMTBE phase
is suppli eﬁoﬁg ?ﬁe&sgcond cgsaﬁdﬁ% I(r)eacti oﬁtygone ?@?l sgi tting. MIBE
arising freepyleeefirst catal ytic reaction zone and MIBE obtainable from a
commercial source can differ fromeach other in their exact conposition, in
particular in their conposition of inpurities. This MIBE m xi ng can be
advant ageoligBA isrto deacqmheriseéd @srnided goowoune i thepfeed icompasition athisl inay es and

prices of differ . I n ffinates
t hereof an ﬁ;?%rg?&{ F{)rﬁﬁ%?#u%&fg)rr%%:ﬁgg%Eﬁ;bgﬁésﬁ&h%er}%garﬁg}#%vzﬁt;@)%ﬁr}ﬂl BE from
a source ofrbrara sduace bhisobutyehe Gatddsytibed aleact, borlterontvals obiairted forovi ded t o
t he second catalytic reaction.zon t he unt qof t han i first

et hano! | pRECEN Ry AroREctel i Eydpertiy R rs ProdBrdingts M al " nount
of net hacrybi 5438376, BISd6274 138} ATk adntyclopédie, 5D Editloneatohl Ad i p.4p2act i on
zone, if the taotal anmpunt of methacrylic acid and/or nethacrolein is to be
subj ect ed #f Eeﬁ%reﬂe%ﬁ?' dd88@iNti ¢ reaction zone. It may, therefore, be
necessary additionally to provide nethanol fromone or nore further

met hanol sources. In step e) of the {)roce,ss according to the invention, at

| east one BfSteRd) fdbe iPHFashAcE0MING inthe, BxeRtiogn Mathano! ik providsy- i
met hanol , Ruef £pak)] o NG thedtdth&bl BRRSE prSRE&T #6mi dcdfiBAd lsourefrer abl y

t he methanol -free reaction phase, is subjected to a second catal ytic
reacti on z@oethane! dmatds.nmethepeli whichds frshéwroduced into the process according

to the invention in this step. At least a part, or all, of the methanol provided in



13 conprising isobutyl ene and nethanol. Such splitting of MIBE, preferably
catalytic splitting of MIBE, is well known in the art and can occur by any
sui tabl e means known to the skilled person. Suitable catalysts and reaction
conditions are described, for exanple, in EP 1 149 814 A, WD 04/018393 Al
WO 04/ 052809 Al; Ul mann's Encycl opedia of Industrial Chem stry, 5th
Edition, Vol. A4, p. 488; V. Fattore, M Massi Mauri, G Oiani, G Paret,
Hydr ocar bon Processi ng, August 1981, B. 101-106; Ul nmann's Encycl opedi a of

| ndustrial Chemstry, 5th Edition, Vol. Al6, p. 543-550; A. Chauvel, G

Lef ebvre, "Petrochem cal Processes, Technical and Econom c
Characteristics", Vol. 1, Editions Technip, Paris, 1989, p. 213 et seq.; US
5,336, 841, US 4,570,026, and references cited therein. The disclosures of

these ref eéteﬁ%?%aﬁra@sw@ée&sycneaqers@égB;ﬁ&nbsher@fmb@ﬂs@cawstbpéwwt of the
di scl osure of resent invention. Further conponents are often al so

pr esent |nprpﬁ%s%@ﬂqofqm91§> thRdRventigr . fp e@wle@ﬁ@wsmﬁm& nol Phgse such as,
among ot he EHBONY InePidigfion bRde #\Lgta,f d lg 4tBH Ry of 8RCoMRIEYd et her

( MSBE) andéeu%r?géej(act ed MIBE. A%ncgr |n? ﬂ) § Q@?Ieorerrlggdaspec? of the
process acewoing t@ e inveniaredt isoprelarieg @QF it t9agh apprs ef the BgHjaset ed to at
| east one i fic 0 f g NA dibsequent
process St@%v@??alﬁégst ;?rgg reagélttéh 4 ?Eﬁlpaﬂ gﬁtﬂﬁ%ﬁ)a @égrgogg(gggg?e%)afr?éj at | east
a first panventfoni sobutyl ene fromthe splitting phase is separated to obtain
a first isobutylene phase and a splitting phase depleted in isobutyl ene.
Suitabl e processes are described, for exanple, in EP 1 149 814 A, WO

04/ 018393 Ihlis pré@eddd 06286 Pratess| aciasdipg ébethe eidventioor iahdn tstept b thewvent i on
that the ratjo of

ob h b d h
st 1 sobtEyRaRe S RASHH, Hha bt FirsS: eREEBND ae riRblom el LHBRE ., e
rati o of ieaeysydoemeared totheest I€dstiyndr Oced wospoant herefaralsly im aobwayl ene

phase conpar.ed.to .t he 0Si t| 0 t ,tha 14 fi

i sobut yl ené”t'Bﬁ’éé’ée“i‘%”(ﬁeﬁl"g?%gc RPNk nf @Z ﬂgﬁ?oéap E‘?@B&% béorl[] ul ar ot her
unsat ur at eghoRs pleystaBig® RS ¢omeer@@fér9blwe T red: ¢0}761Crﬁ<br’elpwfe'rrdtﬁyfl r st

i sobutyl ene ﬁ)hase optionally purified in Stbr% rg% E f% is accor di ng
to the i nv@nfi®d ‘ds REREIEPhAI WO br bf YN BRPA¥S al 9 dade 90 wt. %
i sobutyl en@or@bﬁéf&raerg)x attol ast mdte Wrefdbdohpbuttyloene 1, midre frerkspbl y at

| east 92 wt. % i sobutylene, nore preferably "at | east 93 Wt . %lsobutyl ene,

yet nore p?f Bf:drigp] y1:a'f“°fféa@ﬁcer9@w0t3°/1 ta dbiit-BVER dMOTE IR TaeR % otet&ably at

| east 95 w4 r I I wA.050hys yl ene,

yet nore pr e?/e¥§gﬁ§%§ér%fég%%?q9® f/)vtf ﬁj;/oqfl 2gébn§t %iegngaﬁ%e%ﬁergn%?e %?ef g(% ably at

| east 98 wl : 9% bassisery theneumberr @f peles &f 4bl feedicompaynd.of malansXoeepef yl ene,
even nore ferably at
east 99, 7eqopbl S steflrpd FEBHen to ofbesghBRAMIOrS PR gl RGOy €l

i sobut yl enfe;adl:cmm;buod to MTBEtualthe\érsgh:atabytnctrleecﬂtqrdzmrﬁbgmwmexdees
optionally_puri rther preferred aspect
of step f)regyﬁ% R%P%%é"z%'@%@&é‘?émggﬁ %ﬁéﬁ?lﬁ\%cﬁ i oéJn at least a part of
the nethanol formed in step e) is separated fromthe splitting phase as a

second net hanol ph Sui t abl e are des r| in EP
1 149 814 ﬁﬁ%@%ﬁﬁﬁﬁ%ﬁf%ﬁ@o DY ERE %aé 8’6%??%? fanol
Iohase can &?nmxridomgi the mtﬁafnbedre?@tﬁ@ﬁéd nd)ednraﬁa@atalyg@mhquoo\zﬁdedoto at
east one of steps c of .t cess cor di ot i nvention,
pr ef er abl yoR@Na @ feé‘éé?n dgﬁ@sﬁfé‘%rﬂ%r'sﬂ'?gr iflﬂ%gt ﬁ(ﬁmptar}‘ergé%h C%‘Hﬁo%d t he
fourth catpkibing §@rbld @atam@ teh@eﬁét@@sgénd)fprésl%ard%r e esfedaasdliong to the
i nvention at | east one of the I|tt|M:'%EBhase and the first |sob%éyl ene

J

phase, prefebgliiepet with F’ﬂ?tﬁ@n@s“@bfﬂr'yl e dleseidoesht iPh gxAMPl&s ibject ed to a

first purighgdld o, Zl%?@bvr§“'“ﬁ’é’t%dﬁeﬁh’éd!fﬂ’r%%éé§% "RIAARSI ahe Ess¥mito the
person skilled I'n the art apnd preferably conprise at |east one of

di sti || at i Gharasteristies’i %ol; 1 abiditens Taehmmadféampﬂ P&, p- 2Pctieh 83 MeHIRp Br
vashi ng.  PURIAEEREY7 Alug #7h, 3887 05 499,689, 2UR 688 B08 ! 13U det7adr ef erably

at | east on



15 distillation and at | east one extraction. It is preferred that in this
process step at | east one of nethanol and MIBE is at |east partially
separated fromat | east ohne of the splitting phase and the first

i sobutyl ene phase, preferably fromthe first isobutylene phase. The
separated nethanol can be optionally purified and at least partially
recycled to step b) or provided to the fourth catalytic reaction zone.
Separ at ed MIBE can be optionally purifled and at |east partially recycled
to the second catalytic reaction zone. In step h) of the process according
to the invention at | east one of the optionally purified splitting phase
and the optionally purified first isobutylene phase is subjected to a third
catal ytic reaction zone to obtain an oxidation phase conprising at | east
one CA4 oxi dgts,s76,p60dUG!4, 5‘#03216%& ILMGBS I8a¢r @h®ing @t‘r@rﬁreEha@bLeWC aci d.
It is thus preferred that jn rocess acc to the

i nventi on SRCHHENdiqRs, PC@ﬂ'”Qr%"tﬁglﬁﬁéf%}Y%é RE/SHITES agg "i‘f@ﬁ[ﬁ? P

oxi dat i on. ethenﬁca%ﬁfoelraﬁdmmgmaﬁs% f@ifm mmé@mnmq&demms@ it he
i nvention, the oxidation in ste )S:Ah'l W&gl ace in a sin e OXI datlon
the i

stage. |f ERd PeEse? acd%@cﬂ% 838 AH08A8QBADr i
oxi dat i on_g309,4 o £U8Peltks, del, [ PSS 588,895 Ll meam%ﬁgldmag % dati on

phase conprises rethacrylic acid as main ‘conponent. ' I'n_anot her preferred
enbodi ment digelogures 9 drasesdonuotents HRNALHING Erenprtian S MTBRearg:ieiawiton i n st ep

) takes plageoldledty) FaBFerEORPRBIA SO RS ] AE54AEOS RS BHEIAP! Y 1N O

separat e oxidation stages ese at ast two oxi at| on stages can

oxi dati on wvenfien.within a sane area of the catalytic reaction zone, for
exanple if the catalytic reaction zone is in the formof one or nore
reactors, a first oxidation stage can be in a first oxidation area in a
react or anthea effluenh&pmothiedfast oatabytiageecctian domei in @efematiheubjeriedabi @n ar ea

d t f. 1 t d th t t
ot ol S ) LSNP A b ST BBl o oo
cag ?ﬁ [ P @;ti;lambdﬁ,ean adswbiion, dntabsﬁarmtroat ercrl'ednff atm?tanﬁyeafwatimng;»ordml on stage
an e further ox i fferen era

pr ef er abl y/Ken RFETEY bg/?tprag Teaosfg ogﬁtq? 'gff”ég%” aRd P ngﬁP%é’fel%Sa%Haﬁ% dn stage

are separ agigtlidignan i nternedi ate area at a different tenperature to that of
either of the first and further oxidation stages. In an enbodi ment of the
process according to the invention wherein in step b) the oxidation takes

place in twosREPEY 8f heOyiddats %@c@&i#@% tHe inventRsts sdtbibstt Aafrstopert @F bot h of
t he oxidation Sstages are ase or |liquid phase oxidation stages. It is

al so possi me&wamﬁbts é?\@f@tﬁgdf&?mdhes’?a@@nl BhaseyEesU[tRg B0 aupiacting 8¢ age and
the other REHARnRRitRhANE Sirét cahdliiclroBbASP 260 ABldtRaIn 3 AP metfarbl PY € e T ed

aspect of the process accor |ng e Invention, the first and second

oxi dat i on Bhasgedndre @@gtmhamsgxd@metednmsmﬂjl@@ol 1 Mhaneet@anoprief ke r ed
aspect of %}é{}%r&’t‘émﬁ S Bg ghﬂa%c g%ﬁﬁahgl"\ﬁﬁﬁgﬁ %Piegg?ﬁarfuhlyéné&'f%ﬁ' on stage

is agas p OXId I on age an e second oxl tage is a liquid
phase oxi dtiei excessagethanbl p@/x&b(ﬂn@tmibdamﬁ e pracges |a§>cardlngq¢¢ dhehase

O ot e FURRGrL o EPBSHEL A PP RSE 29 A PRERRAOP L5 o,
st age. least partlally in the form of an azeotrope with MTBE. It is preferred according to

the invention that at least 50%, preferably at least 60%, more preferably at least

70%, yet more preferably at least 80%, even more preferably at least 90%,

more preferably at least 92%, yet more preferably at least 95%, more preferably

at least 97%, even more preferably at least 98%, more preferably at least 99%

and most preferably all of the methanol comprised in the reaction phase is

separated from the reaction phase in step d). Suitable methods of separation



In an enbodi ment of the process according to the invention where the

oxi dation takes place in at |east two separate oxidation stages, it is
possi bl e that a quenching step takes place between at |east two of the at

| east two separate oxidation stages. This quenching step is preferably a
guenching step enabling isolation of nethacrolein. This enbodi mrent can be
particularly preferred if a second or further oxidation stage is a liquid
phase oxidation stage, or if a secondlbr further oxidation stage is
conbined with step j) into a conbined |iquid phase oxidation-esterification
stage. Quenching of this type can be carried out by any suitabl e nethod
known to the skilled person. Suitable nmethods are described, for exanple,
in DE 34 41 207 Al and in JP 60087241. 17 To the optionally purified
splitting pRakfoRh toO thdresiarid pBRlohY aRdr drhgitbel | fobteslapimslt vilstingionpr ef er abl'y
to the optionally purified first isobutylene phase is preferably added in
step h) a 3@irRiOrrabsRRien; exkeliens Jor €¥amplenytater aYtradoan GERRAEM can be

any sui t ab;gng aUh&RbheOpd98Poralsn, phesd sasarbdPskédiropR! Bstibfén Sxygen or
oxygen-enriched or oxygen-conprising , Wh g&l air is preferred as

. ) gas er . . .
oxygen soufeelikeorn pagisolarcsyiehicometnoss ag dasgrieed is J dhdeiaiael hBre to be
ol coul B bayger SR bR o e L 881 27 S about
0.5 to aboazea@pitol ekstilatian)er abE\Kisteom abisiiftationt oDapigat, 1bickspedlih2 per
nmole of is . ngdy. r ; le . » bout 5
nol es 02 pEW%%#'@%?)’f@i ésj(é)l %Q’ﬁlge@%earﬁgn'ﬁ'/z m‘%@?’%’%’?@'ﬁ% e?g;f)l’ 3"' %‘Gr}gﬁ about 1
to about 3HitoPasegtonadr 1iredgioof 1980 andy IneRE HLBDHB7ABAS wellr &s (i dfier abl y

f rom about t b 2 les 02 r f 1S 2ne A. Water
and/ or wat &t er\?ﬁﬁ%u?#%:né'ﬁn%sago%’g \ggﬁerc?g?%&tﬁetdeeg)zéﬁ%#g%s io? ir}gﬁ.géi Fgwat er
and/ or wat particapouin | 9SaEBEI8410 tUB4/666@3CTpNP8A, TTHE6S,t WS 4R99IXX ed t hat
f rom about t_20 nol es, preferab fromabout .1 to about 15 nol es,
br of er abl yUPRd HSt T gRBlssites T hEpe dotup St farEinidy S8 divhsbu: T to
about 8 nohrthawbl Menes redvdbn phued arisivgmou proriuatisredf MTBEheref lerdwith

conposition, based on the nunber of noles of isobutyl ene and/or TBA. It may
not be prelEPPOAtEY Ry ASRERNCE Q‘Fﬁj/fe'imv%?rErO?thSo%'?aP%“r?th iﬂgeot%?s)g ne phase

in step h)inenfidie extent that TBA is conprised therein. It is further
preferred that at |east one diluent is added to the isobutyl ene phase,

whi ch diluent can conprise inorganic or organic solvent or a gas,

pref erabl yrgd ﬂrgtaﬁbtr%%l HradeNdardBe ¥WHj&dled S0l BiRtiicatio Sfor tdi@nipRags i on
conditions, preferably selected fromnitrogen, argon and carbon di oxide,
wher eby ni tanogen Wiker ahdther oedesiieddeerpenrenty reomiariape ytheriboSutialiki de
recycl ed fﬁﬂ%m)d'ascgﬁ ﬁllirziﬁc',aﬁor?.raré Wll”ﬁﬁoﬁr?rf@‘{ﬁé!;:%?sdmbkille(ﬁ”iﬁftﬁé apl ¥ndrom a
catal ytic conpbustionh unit, is preferred as diluent gas. 18 In an aspect of
t he pr ocessorapriss; dfongexamplae distillatinn, orectticationsianoraatogephy ageashicdat i on, it
is preferr ar | I.r L dat e amount of 02 provided is
pr ef er abl ygg%%gébéogl}?%(og’ ?%Sogéﬁoo&f Eh%%ﬁ(gg‘?l%?éf erably fromabout 1 to
about 5 noles, nore preferably fromabout 1 to about 3 noles, nore

preferably from.about t.0 abo 2 noles 02 per | e. of iso |.ene and/ or
TBA, Cand af ereeretemhatie R o eeitingordih o Mitipdentare B [R4RR° s ange
fro][n 0 L f) am,qbre%amlagmaspsef/oelwéfémbfyr @trneéstteim%b?ote pxferablysat Im(‘;;a
preferably om0 to about 5 noles H20 per nole of isobutylen or TBA,
wher eby a ?H&{/"are"?%tm%reoﬁr %%IB'Mt%}Iq@ﬂ%t gqjé)li Yet Fere :pr%\Tjgfag)?y Qmﬁaéf 8&2"[’& vapour
of about 2mord preférdoy Bf &8t 196%, dvenamBRs prsler@biydat icast SL#Q§et goramount  of
02 provided is Breferablé% fromabout 0.5 to about 10 noles, .preferably from

5
about 1 t oPHiRIEPIY=RtiRASE §5%ndrerefiraiesabin pl/lepslofl ApBYRN Mofe PHiIaPYftnol es 02

per nol e ofgakf 08Ut YGEDraReHl afl BAst @9%,%&@6&@@@%%&%%&%&@ and/ or
wat er vapour is in the range Tromabout 1 to about 20 noles, preferably

f r om about campgseshigite eptiangihe gurifiask issnethanaipphpser rgesuthenetBan@out 8

mol es H20 f?l%gmt‘?né?ﬁar‘lo?gﬁ%éﬂi,%g\r%vmglt@the-r rth VA&l RIfeActRinSloREr €d ol ar
rati o 02: 1sobutyl ene and/or : water and/or water vapour in a second
oxi dation stage is in the range of about 2 : 1 : 2 - 6, preferably in the
range of about 2 : 1 : 3 - 5, based on the nunber of noles isobutyl ene
and/ or TBA conprised in the isobutylene phase. If step h) of the process
according to the invention takes place in at | east two separate oxidation
stages, it is preferred that the main product of a first oxidation stage is
nmet hacrol ein and the main product of a further oxidation stage is

met hacrylic acid. A polynerisation inhibitor is preferably added to

met hacrylic acid, so that mani pul ation of nethacrylic acid in at |east one
process step, in particular in any process step taking place at increased



The oxi dation phase exiting the catalytic reaction zone is preferably
subjected to at | east one of quenching and/or purification to isolate

nmet hacrylic acid and to renpove unreacted conmpounds and/ or mnet hacrol ein
and/ or undesired side products arising fromthe reaction or reactions in
the catalytic reaction zone. In step i) of the process according to the

i nvention, the oxidation phase can be subjected to a second purification
zone, preferably a purification zone tdr nethacrylic aid. Purification in
step i) can be carried out by any suitable purification neans known to the
skilled person, such as by distillation, crystallisation, extraction,
absorption or precipitation, preferably by crystallisation. Such
purification techniques are well known in the art, for exanple in JP
01193240, o‘l?e %h?dt%%?,mell?arQﬂQQ%'Sﬁroleédh@Qha%Qﬂl’é chlal ytidSedels 3159, DE
100 36 881 EP 297 445 A2, US 6,596,901 Bl, US 6, 64 161 B1, US

5,248, 819, "0 the §is Meidamal Phase deaerdseprt e anpwdl afRetBane! reYiEdiREe i s

her eby eXp’cHeCéétéﬁflcﬁﬁ&?aﬁ@ thiese thl 8MbOsGEReHABSAE BLiddkdPdlLllaatth@n and
they formpart of e disclosure of the present “invention. If step h)

occurs at a@tcaﬁﬁéyttq gRFYON zonen@s vl ghas ée pMouRt ¢frBeEARAPrEsRItt "a
quenchi ng ﬁkﬁ@sﬁﬁeﬂﬁﬁ&ﬁ#@@g above is carried out prior to a purification of
t he oxi dation phase. A quenching can be carried out by any suitable
guenchi ng process known to the skilled person, as described for exanple in

el e9ugssSinith B g B35 S0 08 g 01155240

4, 956, 493, atighgl from8thg(igstBatalyde reactitd), Bne, anghidd BEdrars lanstinee sewse cioni ng

guenchi ng cryli and forns

art of thgxarﬁ]gl ‘W’H?@dﬁt@%g 8§m§%8§ adt?Zﬁc rﬁﬁx%de S ?hgggq%er and

p p q g ag

or gani ;: SO‘SMR’?IIES tte :lllﬂ:é'l staecznd‘ mtglgu?nqzﬂcﬂaon aooedon spltttmga:cM'EBfatgrlsmgyfcbmc ar lbons'E
m xt ure at_ | .eas WO referred organic solvents

have. rel at Medrst e Bsati o Eb A EMT B RS oL R e SRBHE “Such e

hept ane, t cdrueliféerofrorsyéaahe othet mSthpT'EEf)@bf edmipbsition, nmapqﬂeal@hnnghent—ep and/ or

in a purlflcatlon ste matha% 'ﬁjﬁg i S separg}ted The segﬁrate

met hacr ol ePHMRAFHIREO! E mixing\ren be adyapiagrovs e’ SXadi®by if t he

catal ytic s&ssHdiryoAORE @@ﬁmwée@aﬂ%ﬁnéshaﬁd ?@e@ﬁfdﬂﬁén@ﬁt sdcrgckbe
separated nethacrolein is preferably rec to a further oxidation stage,

pr ef er abl ySY® Iheask dneiHanimendrafidiales eoéaEQMT%l c reaction zone
conprising two oxidation stages. In this way, the separated nethacrolein
can be further subjected to oxidation, thergé | eading to increased

ef fi ci encylfof theprasess asgorging de e inventione Mg: o iacsuscepthgetheadhgl i ¢ aci d
and net hyl I Il C i) above
can be at lﬂeggtsctgl%g@}SH ?’Oyl\%%%agc%beb& pﬁ@l?@(dogd;ﬁ%bggcgggdutﬁggc j;aé()r:lc?lgrr)ther
reacti ons zengthe egwost ofAnelheae%tmdh@ﬂmmﬁmmmammwmq@.mcﬂufﬁ@mr eferably
added 10 LR JERIRBGION 668G AREBhER! mth Bl i BB ey igh

obt ai nabl e by rocess accor o The PNy enti on ar e i e range from
about 50% the fabﬂlmtcatm&/b: rbacted zmme; s‘cblhmtqtaleareowndifmmethmwtmamdemphmse

subj ect ed ion r el ds of u % b 75% ar e
general ly %%{tchﬁoégm 'g stfeeBUE’J &Sg%htéegfl%'i%§§tai‘g'%o¢e(§?§%% %gn‘t?‘h@%%entl on
for prepar atereforeofbdmbwsarsebbamoryélmm ptdvideg etethiaidl yrooptdnenat imoréut i n
sonme cases_,n Cessgﬁ”ﬁyﬁ uenched and/or purified oxidation phase is

subj ected N5 F& 'S¥Stic reaction zone to obtain an esterification
phase conprising nethyl methacryl ate.

In step e) of the process according to the invention, at least one of the reaction
phase and the reaction phase depleted in methanol, preferably the reaction
phase depleted in methanol, preferably the methanol-free reaction phase, is
subjected to a second catalytic reaction zone to obtain a splitting phase



Met hanol is also provided to the fourth catalytic reaction zone according
to the process according to the invention, preferably in excess, for
exanpl e an excess of fromabout 0.5 to about 10 nol % preferably from about
0.6 to about 5 nmol % 21 nore preferably fromabout 1 to about 2 nvolcro,
based on the anobunt of oxidation phase subjected to the fourth catalytic
reaction zone, preferably based on the nunber of noles of nethacrylic acid
and/ or met hacrol ein subjected to the fourth catalytic reaction zone. It is
preferred according to the invention that the methanol is nethanol which
has been separated, in step d) of the process according to the invention,
fromthe reaction phase resulting fromthe first catalytic reaction zone.
It is also possible to add net hanol from another source, whereby it is

preferred gomgai ngoﬁdwlénéreéHaaMthancﬂ hsakh | §agingaopaiTBEf gréferasd hanol
separated in step rocess according to the invention. her

possi bl e seRlAES S@f't)t'ﬁ@thaMEBEar'se wellt KOV ins disn et 80 ICAN ORGSR By BR¥ss st eps
accor di ng %Qta%t@Mé&H@Wo% tof e %l?é@b@rs%ﬁogljﬁék% d‘a}axfgts sr@Prdatios wel | as

commerci al [ y obtal nabl e net hanol . tion of nethanol from another source

is prefer r@@dltfonﬁrﬁeéiﬁ?ﬁ@ﬂﬁedoforrﬁﬁmlm§é°phﬁé9§éi4ﬁ4 WeP4P188P3 e process
according ) bRspBYERY) ennhﬁmémyél@&égé BeirRfiekal chemidigdsl @lih, compl ete

as possible an esterification in s he process according to the
i nvention. Vﬁlhé4n9a|4§8,o‘f/ Eattargi hg Massi MagrieSt &lanl, dat Payet,ihydseegsbeny of t he

process acpidige LALIG JAUCTLT P61 e MOlBRL ERb ALKl B YRl ple

esterification can carried or exa scri
6, 469, 292, Chemx49 A43 Ediilen] &84 /887 A 543}55@ 748, 268uvelSGI, Ugiepa®l, US

4,956, 493 4 464 29 whos IS r yifj,cation of
acrylic an?%?ﬂ%@cﬂ OGS EY ﬁgcgmhcg:l @%@ Eﬁong)?:?g a@egagﬁ% dr\r/rélpgrt of the
pr es;ant di Edlltlossm'echanln@e&st ¢989, lpcatlB@nse(g pBd, &3@,341/ u&?aﬂmﬁ@ byd an af:l gl c
cat al yst or a catalyst co isi.ng acidic gro refera a soli

st at eycat a@?’é f?éyﬁér%mf‘% ‘B? ppges f 83?3? féé?'%f‘f:%%tqr N?@M)él S0

possi bl e, inebrperasP! 8 asferterer aledoini pdre of ither dikclosurei dfethealpossent The
esterification or the oxyesterification preferably takes place in the
presence ofV&"Y¥ ymeri sation inhibitor to prevent polynerisation of

met hacrylic acid and/or nethyl nethacrylate. 22 In step k) of the process

according to the invention for preparation of nethyl rrethacryl ate, the
esterificaf w@?ﬁrmnﬁ@tSﬁﬁQﬁ%M@ BigSERcindhe tSQ“tH”Q RhA%E FRAUINGTEM on zone.

In step K)inePlEBE §ikin gm%hbry'asmé%%%rd&h&%edh%tﬁﬁp@tﬁéﬂ %'rtfbwma%hsr

esterification phase cofrponents such as unreacted nethanol “and/ or

met hacryl | medl dsepdelityt ledreri (MEBE) i and wBieacied eMpBE: fAerdiogly mét hads are
STt 01 | BRAERP AR hE Briodbsk BRoGingAB O IREfGR e SOMRI] Sifastlis PAST ONe

of distillation, Ccrys I on, extraction, rona ogra or washi ng
nor e pref esafbgteato laémst one oflseparbtien Aot pdefnatlen wéprarkaingiused adol and/ or

met hacryl i i t t 0 t e
esterifica V&%qg?&gﬂ g%% §é1 <t ?sdg e? r?%]gr{alt f%gt(}pgﬁngll\@’tgﬁ%snso%te{) 63? ef erably
recycl ed teaata lﬁmmrtmiesaﬁutyter@fsom)the (s))llttmg phask js)separated to obtain a

first isobutylene phase and a splitting phase depleted in isobutylene. Suitable

processes are described, for example, in EP 1 149 814 A1, WO 04/018393 A1,

WO 04/052809 A1.

It is preferred according to the invention that the ratio of isobutylene to other C,4
hydrocarbons is increased in the first isobutylene phase compared to the feed
composition. By an increased ratio of isobutylene to other C4 hydrocarbons in
the first isobutylene phase compared to the feed composition is meant that the



It is preferred in the processes according to the invention that at | east
step h), preferably at |east one, nore preferably both oxidation stages of
a two-stage oxidation in step h), occurs at least partially in the gas
phase. It is also possible that other process steps occur at |east
partially in the gas phase, whereby preferably at |east one of steps c), e)
and j) also occurs at least partially in the gas phase. It is also

concei vabl e that at |east one or evenldl|l process steps occur at |east
partially in liquid phase. Thus it is possible that all steps occur at

| east partially in liquid phase, that all steps occur at |east partially in
the gas phase, or that at |east one step occurs at |east partially in the

| i qui d phase and the remaining step or steps occur at |least partially in

the gas ph@geisobiityeh€phiade iSd&Retal e dther 13) HydeRaaithsOX slatit@ar sthage of step
h) into an oxidationesterification step, it is preferred,thg% t he
oxi dat i on- @¥a&Atedc S i HFregasbonse GonPared |1 oifie dfesH ac¥MRRRIiOMa d 86 WiShgl y, t hat

the secondisgiitfidhb PRasd apiohallkEMrHiBd 9¢ Sieby)idt thd AkdicEBsPhERding4S tis f ur t her
contribution to solving the above problens 'is nmade by an apparatus for

product i onin¥entigst rasc rdasrdbesi ReloworRieiesaly Foraprisesast est s8Qp% or  at

| east one f S: .geach
supply bei %blftﬁ%ﬁ ?fﬁ}g%géom aﬁ{éggﬁ%@r\{ﬁ?& It%%&gﬁ? ﬁ%gﬁ b%a‘{rgfeﬁslﬂéar@%g%tt?zoan zone
for at | eawt%pinobutylencormenespiierablyt fle ldast @3c virfodsaaubenat yetMmBE in fluid

comuni cat 1 i dJ lo ?‘5@&: RIkh i i 1 aration
of met hano‘)rgférr%\bl %ﬁéédg% f9 Igh'\éthg 0 ut rlle%f"ie&é% nitg?yr%téyk gﬂ;ﬂgthls%%% %’g?g; in
flui d comisobdgehenmaid prefarpbly atilsdsh @ouwi. 1o; ispbutyleng,dyet omeranirefgrabdn wi th v)
a second cat LG reaction zo I i Rl Lt f MIBE; in
fluid co nl?%%wﬁ%t @ﬁﬁo&u ler?e,%%erﬁ R{or@brefgragfy a??éats't @é \AR/L 5stobht[§/%n3,

more preferably at least 99 wt.% isobutylene, even more preferably at least 99.5

wt.% isobutylene, yet more preferably at least 99.7 wt.% isobutylene, more

preferably at least 99.9 wt.% isobutylene, based on the total weight of the

hydrocarbons in the optionally purified first isobutylene phase.

In a further preferred aspect of step f) of the process according to the invention,
at least a part of the methanol formed in step €) is separated from the splitting
phase as a second methanol phase Suitable processes are described, for
example, in EP 1 149 814 A1, WO 04/018393 A1 and WO 04/052809 A1. The
second methanol phase can be optionally purified as described above, and
provided to at least one of steps b), c¢) or j) of the process according to the
invention, preferably to at least one of the first catalytic reaction zone and the

fourth catalytic reaction zone.

In step g) of the process according to the invention at least one of the splitting
phase and the first isobutylene phase, preferably the first isobutylene phase, is
optionally subjected to a first purification zone. Suitable purification methods are
known to the person skilled in the art and preferably comprise at least one of
distillation, extraction, adsorption, absorption, chromatography or washing,
preferably at least one of distillation and extraction, preferably at least one



vi) at | east one second separation unit for separation of a first

i sobutyl ene phase fromthe effluent of the second catalytic reaction zone;
in fluid communication with vii) a third catalytic reaction zone for at

| east partial oxidation of the first isobutylene phase to an oxidation
phase conprising at |east one C4 oxidation product selected from

met hacrol ein and nmethacrylic acid. A further contribution to solving the
above problens is nade by an apparatuss for production of nethyl

met hacryl ate, conprising i)at |east one supply for at |east one C4 feed
compound and at | east one supply for methanol, each supply being in fluid
comuni cation with a first catalytic reaction zone for at |east partial
conversion of the feed conposition into MIBE; in fluid comunication with

i) al | easkiRsy thish léa%P?ﬁ@bkt‘Pé”thH' f i BrorerRRAREE fisProdBdshagoby fr om the

effluent o catalytic reaction zone; In communi cation with
iv) a m xilegstuonea of metfiangi camddWrﬁmleaattlleﬂﬁtmartmlly)se@a@é%d)ifmrrbat agtic

reaction zg0g, b0healitiighaB8hb the fdt idoblfferf pdEE preidtablyttichn the

conmuni cat i on
first isobutylene phase. The separated methanol can be optionally purified and

at least partially recycled to step b) or provided to the fourth catalytic reaction
zone. Separated MTBE can be optionally purified and at least partially recycled

to the second catalytic reaction zone.

In step h) of the process according to the invention at least one of the optionally
purified splitting phase and the optionally purified first isobutylene phase is
subjected to a third catalytic reaction zone to obtain an oxidation phase
comprising at least one C4 oxidation product selected from methacrolein and
methacrylic acid. It is thus preferred that in step h) of the process according to
the invention at least a part of the isobutylene phase is subjected to oxidation.

In a preferred embodiment of the process according to the invention, the
oxidation in step h) takes place in a single oxidation stage. If the process
according to the invention comprises a single oxidation stage in step h), it is
preferred that the resulting oxidation phase comprises methacrylic acid as main

component.

In another preferred embodiment of the process according to the invention, the
oxidation in step h) takes place in at least two separate oxidation stages,
preferably in two separate oxidation stages. These at least two oxidation stages
can be oxidation stages within a same area of the catalytic reaction zone, for
example if the catalytic reaction zone is in the form of one or more reactors, a
first oxidation stage can be in a first oxidation area in a reactor and a further
oxidation stage can be in a further oxidation area downstream of the first
oxidation area in the same reactor, or a first oxidation stage can be in a first



24 vi) at |east one second separation unit for separation of a first

i sobutyl ene phase fromthe effluent of the second catalytic reaction zone;
in fluid communication with vii) a third catalytic reaction zone for at

| east partial oxidation of the first isobutylene phase to an oxidation
phase conprising at | east one C4 oxidation product selected from

nmet hacrol ein and nethacrylic acid; in fluid communication with viii) a
fourth catalytic reaction zone for estéerification of at | east one conponent
of the oxidation phase; in fluid communication with ix) a supply for

met hanol, in fluid communication with the at |east one first separation
unit. The term"in fluid comuni cation"” is understood here as neani ng that
a fluid, which can be at |east one of a liquid, a gas, a vapour, a

super Cri {1 floidk lahch Rin@RYBLAST sbhelcdn teAN I WMol FIANR i9hRAerREd COMmponent
to another wth ich the former 15 in flurd communication. Any supply

whi ch is i ihatieredrst oxédgtiohystageyasddhe fpriagreoxidationplesetarerati diffgiest er abl y

mai nt ai ned t v Lt f gas to be
Suppl | ed. PRReTALRR L B o3RR ook e AP Bl Bpuce? TR HE Prfl nEr 0T

i nsul at i ngoxitliaticwustdge drbe saparatemistbyors® Solephgdifiter axeal easa differegtt f eed

CoP e SoRSHEAY Mty LR UBR e BBl S o LotV e
at | east one C4 feed conpound and nethanol to the first catalytic reaction
cone: o BB B TRV Epafab Ot I PRt AT et casec
t enper at ur theadiddtionPERES Bra@e in two separate oxidation stages, it is possible that

one or both of the oxidation stages are gas phase or liquid phase oxidation

stages. It is also possible that one oxidation stage is a gas phase oxidation

stage and the other oxidation stage is a liquid phase oxidation stage. In a

preferred aspect of the process according to the invention, the first and second

oxidation stages are gas phase oxidation stages. In another preferred aspect of

the process according to the invention, the first oxidation stage is a gas phase

oxidation stage and the second oxidation stage is a liquid phase oxidation

stage. If the second oxidation stage is a liquid phase oxidation stage it is also

possible that this second oxidation stage is combined with step j) into a

combined liquid phase oxidation-esterification stage.

In an embodiment of the process according to the invention where the oxidation
takes place in at least two separate oxidation stages, it is possible that a
guenching step takes place between at least two of the at least two separate
oxidation stages. This quenching step is preferably a quenching step enabling
isolation of methacrolein. This embodiment can be particularly preferred if a
second or further oxidation stage is a liquid phase oxidation stage, or if a
second or further oxidation stage is combined with step j) into a combined liquid
phase oxidation-esterification stage. Quenching of this type can be carried out
by any suitable method known to the skilled person. Suitable methods are
described, for example, in DE 34 41 207 A1 and in JP 60087241.



25 A good tenperature and/or pressure resistance is particularly preferred
if one or nore of the reactions which should take place in the apparatus
according to the invention is a gas phase reaction. The supply is
furthernore preferably not reactive with any of the conponents of the feed
conposition, nor with any further conponent or conponents which m ght be
added to the feed conposition, as nentioned above in connection with the

- process according to the invention. |k a preferred aspect of the apparatus
according to the invention, the at |east one supply for the at | east one C4
feed conmpound is in fluid comunication with a cracker, preferably with a
C4 outlet of a cracker. The cracker is preferably a thermal or catalytic
cracker, preferably a steamcracker or a fluid catalytic cracker. At |east
one purification and/or separation unit is preferably |ocated downstream of
the cracker so that the cracker C4 effluent can be at |east partially
purified b&poine pelianglly omiified ewplittinot ABasq of dastheoprtiangly puriied fist| east one
C4 feed co T t [ n a unit can
Conpr i se. an oy eney {EBlonhE a5 ing Gl e e OBl bR

sel ecti ve preferablyiasidedin Bigarh gesauréenafl @xygenvinhich spémv‘egobmmma@d ts

but adi ene. t ef erably
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i sobut y| enexygenrmaiaxygenporieed, orapygemsdinprisiog gehewhereby ards ippfe@edimount s of
other C4 ¢ ene it can be,
for exanpl %‘TB%@& Orug(ir: ﬂag%&?r‘on%c ?’eas?% ti oﬁggp'o%r?thﬁ@&stgggﬁsﬁé{?ﬁjg‘%i on unit,
pr ef er abl yatazy camabyrd or tompbsitiorathairconmprises @r dibeategs Oe. dhetamduat iobn unit or
a reactive | lation un n.i sonerisation. rea be in
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conmponent, which is supplied to the isomerisation reactor, if present. Such
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with a firsspaatialagted todhetfeeh coomesition, basddeastth@mumwr afoneles sifon of the
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di scl osur egombustisagmitdisdquetered 8§(§Hdefﬂtrﬂa$g pr epar ation of MIBE are herewith
i ncorporated by reference and formpart of the disclosure of the present

i nvention.



27 The first catalytic reaction zone is preferably in fluid comrunication
wth at | east one first separation unit for separation of nethanol fromthe
effluent of the first catalytic reaction zone. The separation unit can
conpri se any neans suitable and known to the skilled person for separating
met hanol from the other conponents conprised in the effluent of the first
catalytic reaction zone. Exanples of suitable nmeans are an extractor, a
crystalliser, a colum, a distillatiot8device, a rectification device, a
menbrane, a pervaporation device, a phase separation device, an absorption
device, an adsorption device and a wash device. The at |east one first
separation unit is preferably in fluid conmunication with a mxing unit.
The m xing unit conprises at least two inlets for MIBE, preferably a first
inlet for W%Ea?ﬁéc‘i'o@%é Fa&éé@cédraxﬁ; taaﬁ@w@hﬁor{e&%hgﬂg 2000 ik 2 second
inlet for rom anot er source or exanple for commerci al BE. In the
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The conbin t ic
foacti on oR i HbL RARHEaRols |60 F RISt el tablrone iR CRIAA 2, on
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ef f1 uent OFnoP@?rae%erréﬁat abotiti £ té emeli gnma@eeoz B@e reGleasfakomlylRét can be
at | east one of an extractor, a crystalliser, a colum, a di stl || ati on

device, a pR¥el TBAaENENa deslrEed amersYH avRier ANGVOF Waiel %P 18dYitBe and a
wash devi Cengblirdd Rl 47 l0C8bdt J0oRRDBELIDBIARERT bela 1 @ Lhgul myenti on
that the at lFeast one second separation unit conprises an outlet for a
second net males! l’p@r&sQrefGFHQIYafFOﬂﬂeabft)utoﬂetOséb@ﬁdss@p@ﬁaﬂe@npfﬂnmo'%&ﬁ further
conprise a. t | n
extractor, SHBGP ? aalnﬁfbgg}{BQ\ :'\;IA;P‘ %(r) épreff f@ﬁ?{éwﬁogéﬁz dgé?étégﬂgaﬁzeﬂg? i fication
device, a TﬁBAbweater araad/pewamp(yaawron ajmuood Ooxglatian stagst is dm theniange aif

absorption it Q| cn din the
separat i onatglﬂfttz r seéﬂﬁ%ﬁqg% rfﬂ};l n?gbol}‘@%)gﬁg phage §&p%ﬁé§st one
second sepaunbérost risled isobuiytesieemalryT BAacdrhprisbddo thmaisbbaiyiean pivasdr a t hird
catalytic reaction zone for at |least partial oxidation of the isobutylene
phase to an oxidation phase conprising at | east one C4 oxidation product

sel ect ed f fewepr} bRt rotessaactondhd a6 tHhd imeamirdtaké@ pldve iapta¢ast twoaccor di ng
to the invention, the third catalgtl C re& q?faone preferab gorrprl ses at

| east one SSHABE BNdalRn Stagss: 4y 19 OxETS tMYR RA9ALCS 9 ﬁ\' flrably at

| east one gxuatdin SfaghnistmEthabIRie drier trféahfaw PEodUdt o flatheproxafativeobut yl ene
and/or TBA to at | east one of methacrolein and nmethacrylic acid, preferably

conpri si ngSt@ge| s aoethere/lieaditht Aopelyaersafion. infibdonis Ipé%?fabﬁhé‘dg%i’ dation unit
can be, forne%mbeac.a %H'thEW%ﬂilﬂé%erfﬁHéﬂﬂaé@hé‘ dcitban aftdieaBebher eact or,
a plate reactor or a fluidised bed reactor, whereby a nultitube reactor is
pref er r ed, PICEsE SN, yina PATICYIRE (B eare KEQGSSS peteR cakinbt Blasg| afatncerasedt al yst .

[S)ggge:lggﬂ @n?pé?{at%recomér%bﬁll kdkeBY BldcBPIne thd PreSSREPIF & F By MENIME GbH,

|nh|b|tor.



29 Went, Germany, or from | shi kawaji ma-Harima Heavy | ndustries (H
Corporation fromO1l July 2007), Japan, and formpart of the general

know edge of the person skilled in the art. In a preferred enbodi nent of

t he apparatus according to the invention, the catalytic reaction zone
conprises one oxidation area, preferably one oxidation unit, whereby it is
preferred that this oxidation area conprises at |east one catalyst,
preferably one catal yst, preferably al%atal yst capabl e of oxidation of at

| east one of isobutylene and IBA to at | east one of nethacrol ein and

met hacrylic acid, preferably to nmethacrylic acid. In another preferred
enbodi nent of the apparatus according to the invention, it is preferred
that the third catalytic reaction zone conprises at |east a first oxidation

area and aTfheélpkiBsioroptiadatdxing A& atatie ficabh Yorde kiprsferabry sdijeqisd & ea and a
second oxidation area. The first oxidation area and the f (t%r@}cger %I dation

area, pref@'gBstyonenel qyenshing,angier Risifigation tengolaicemetiasndic ap ar ea,

can be diff{eiRAt uRMaGRI @BmPbEASs IahdforShidtaRrdI&AChAd/or AUndebRdd Ceide each be
in a separate respective reactor, with all reactors being in fluid

communi cat POAUGH ERsiag fembiedeaction AieatiepsimBRCalEiCaCaRONZNS} vt i ¢
reaction zone is in the formof one reactor, a first oxidation stage is
preferably in a first oxidation area in a reactor and a further oxidation
stage is tlesiep h of theiprasess escatdingda the swediom she exgatem phasefgans?e oxi dat i on
area in th r t t ] f d h ’ i | titube
eactor asoHIRes (B3 eond ‘puricRlch! ShAE ploRtaol 8 AFRENR 208 B ast 'one
oxi dat i on mathelcpdic, aifgr Bueficdsion it stepadt carwdeogardiadi ouf bwatailyy stitabler e

provi ded, preferably ] | avered:ty i r ably .that a
first oxi dglfr:ﬁgﬁ{@{)a'égérgsc%ﬁ’@%atm gtpgl gggéoa?r?er%&ps lﬁcg{a?n‘;sc% apf/sgﬁﬁlotgyer and a
further oxcrgstallieaticst, agextactiont, | ebsdrptiore four t precipdatic, y sprefexgiely dioywnst r eam

th f. Catal yst..| in.a s t ub. be di tly. adj t h
orrer - it PYRlSRig0YSid el eelngusE e cubl G i L dehar av e
from a]E I eaﬁm;ﬂilaeinot\lm1 193240y SIP 04264y JRt01008233,0ME 13039 0R8ATRdi at e
area, for east. o0 ar ast o ransj,tion area,
e.g. at | egé&r@ﬁ@ﬁ Lr;?:l i tbgn r:géaé%)ﬁga\eer%%a%%?@a})‘gn t?’f’sagggé’?gﬂ ?Munber of
tubes and gB @164 B, audis i erd, w8hernsTbotBIhesandorrefeyeriteansiied | ayers

of , for exanple, packing materials or suspendi ng agents which are inert
under the NEERIR.| BAfEFYIGEI i6i RaTeLY expliGitly Bagededbes OSUFRS EPNCEINIBKi dat i on

and a furthedncardidatd dyaseYpart Bf HaQiistAsSUPNasRe prént invehti@ixi dation area
and the further oxidation area are in separate reactors, it is preferred

that all reactors are nultitube reactors. On the other hand, if at | east

one react of J; p‘mlé}é&@ am@a:’ﬁ 6&%%[&1 tﬁf?a%@%b? itdis! h%ﬁjeooma?tea

oxyesterification reactor, thi's reactor 1 rably not a nultitube
react or. |gquénshingestep asddasisaiped hbove isscarded dat Poer tor 2 puEfiehtioneofftoe t her

oxi dation gr.ea:.Qr . areas are at different tenperatures. It is further
preferred &Hg%ot%ﬁ)er%rs?'rst and further oxidation areas are separated by an

internediate area which is at a different tenperature to that of either of
e ot AR B AP RB) 307 B DRI R ¢ s
conpri ses giillddepetsoonas desalogdtfot ayamnplefin affdrtsgingesehrifixDE 2411 339Kt al yst .
EP 297 445 A2, EP 297 788 A2, JP 01193240, JP 01242547, JP 01006233,
US 2001/0007043 A1, US 6,596,901 B1, US 4,956,493, US 4,618,709 B1,
US 5,248,819, whose disclosure concerning quenching of acrylic and
methacrylic acids is hereby incorporated and forms part of the present
disclosure. Preferred quenching agents are water and organic solvents such as,
for example, aromatic or aliphatic hydrocarbons, or mixtures of at least two



It is preferred in the apparatus according to the invention that, if the
apparatus conprises a first oxidation area and a further oxidation area in
the third catalytic reaction zone, the first oxidation area conprises a
first oxidation catalyst and the further oxidation area conprises a further
oxi dation catal yst, whereby the further oxidation area is preferably a
second oxidation area and the further oxidation catalyst is preferably a
second oxidation catalyst. The first 2kidation catalyst is preferably a
catal yst for oxidation of isobutylene to nethacrolein, and the further

oxi dation catal yst, preferably the second oxidation catalyst, is preferably
a catalyst for oxidation of nethacrolein to nethacrylic acid. The first 31
and further catalysts are not particularly limted and are preferably solid

catal ysts guidoallferbsy pltetﬂé‘rré&(bt‘ééﬁPc%@lveﬁfs%é%@@iaﬁvél}l Yol v présu e
catal ysts. Such catalysts are well known in the art, for exanple as
descri bed infeuheeendinggpoditians, suepag hepngApiuens o5 Xgepe 280, EP 145 469
A2, US 5,218, 146, US 4, 365,087, US 5,077,434, US 5,231,226 or US

2003/ 0004374 A, US 6,498,270 Bl, US 5,198,579, EP 1 595 600 Al, EP 1 052

016 A2, USt®x pefer@ghatbindg qusnshisgeiep and/edinteheyrdicationmplies enethaerpledur e

concer ni ng,.oxl LQn t i i nco f e and
forms a pa'rS t éécf%?%tjﬁg' (Tlﬁ gc%@sézértgd o@e{ﬁ%ér%gér{%s%ﬁt Blgﬁr\?e Cﬁ(?dolr%lé{ tf‘? ?@P{r@t and a
further oxiedatioromormatviieysity ifittee catalytic seattivhepnacemprieg¢s Mo yhay erehged i n

the at |easy. XI i [ ] I f aspect
of the appardales SFO¢ RIS SPedaRP MRvERRIGh SR APRLY, sheBaiby el IFPrcas:
one 02 sousxieatioprsthee, airéferatlly toethetsesoed sxigptign Stage af |, caagticateackerst one
supply for_water and/or ste are in fluid co nicatiqn wih | east one
of the catd\rFAPERG M%@%Béonaﬂag?%énéfﬂﬁaﬁw %S?psar%t?gf@%égog&or ding to
t Ee i nv?antj;arnbé ather islabjélg;tebeasab(id@ﬂ@n,gyér@by |éaingato ihel?sed)eﬁic@acﬁoﬂr ce and
the at | east one su or wat er and/.or steam provide respectiyely at

| east one %‘? %‘Ef?‘ﬁegrgﬁéewgr'n&Fﬁ?FS Welds nPlai™ @??W”Ct 8Cidh@R§aW§}/ ii c
reaction zgpeachflatthe catalytic reaction zone conprises at least a first
and a further oxidation area, the apparatus preferably conprises at |east
one supply for at |east one 02 source and at |east one supply for water
and/ or st el@i@lﬁg_@Fyli@% DrblRlon K6 a) THdCi)aatRABAEMS beask bt BeFiagpnpri se a
supply for a dil'uent such as nitrogen, argon, carbon dioxide, a saturated
hydr ocar boepllegtedoabili san b apagueied it &irfhek scaghipas eF RIFCESTAS: ASIRASE BF€ car bon

di oxi de, p r ohe =y t fi idipice recycled
From a cat o rraebn PREASE (ERre ERER pAUEH 181 e HREhaE R e e, T
32 |f the wplarcdnsthawylir atid gbtanatie by rive pracess esepdingele the finvestionxi dat i on
reactor an ] oPX] I §e i ove, it
& possi bl & R E3heEEn HEOUQR T “Bbb Bk BarRl o ipiR by SRaRRC T
react or an@iBAdhdhe pabsé ealsjectedeofte tolx@iation,i wiaereby yiedds bbaboygr@etabl y
between the first and second, oxi dation reactors. This quenching unit

pr ef er abl ya%%N@{" 75 Seé‘&raj%’e"bﬁ%% crolein. A quenching unit between the
first oxidation reactor and at |east one further oxidation reactor is
preferred |f the first oxidation reactor is a.gas phase reactor .and the at

| east one “‘u?t?ﬁé? of i PEICESS AGCPTAYIG: gﬁa@ée'?‘é’ cfo&p.re@f@{\ P quts

sui tabl e fgletiszs/ldte, tHeegetepaRadpionaneodrinfsomabtaset mesesasilydgsarchbed, for
exanple, in the references cited, above i CO{II’]eéti %E\HWI th a uenghi ng
process st 8p/oF pUrHigAiedatian PRAsS IS DIGHeS ReioNtta CHIRMICHPAT B4 eH8t ween t wo

oxi dati on gh@gesm eé'f@ﬂfic%ﬂ@ﬁbﬁéé@c&ﬁﬁr%ﬁt% R@tHyP riditadryiaent i on optional Iy _
conprises at | east one second purification'unit, downstreamof and in fluid

comuni cation with the third catalytic reaction zone. In the apparatus for
product | o @ingRl RYAisaTBIIRRMAHE folrllP cdtbiyhie AddciiBA oRE HRBGrdRiY tof heat | on
unit i s upstream of t esterification unrt. The at | east one second

puri fi cat i procass ac¢asdipg &d treabvgntioni pegiereblydn epersst fos #XKPORIOIN A¥ESRECryl i ¢
acid, pref ' 0 ' i dof r / or

Fer epht nal THTan egoRbaRT8 8L Rl TEpAREAY tofh 360 016 (UK Rt
distiller, a crystalliser, an extractor, a wash device and a colum. It is
particularly preferred that the at | east one second purification unit
conprises at least one crystalliser. It is possible that the at | east one
second purification unit conprises nore than one purification stage.

Unr eact ed net hacrol ein can be separated here and, if desired, conducted
back to the catalytic reaction zone for further reaction. Suitable
purification units are described in the references cited above in
connection with a process step for purification of methacrylic acid.



33 catalytic reaction zone and the purification unit. It is preferred that
nmet hacrylic acid present in the oxidation phase |eaving the catalytic
reaction zone is condensed in the quench unit to forma solution conprising
met hacrylic acid as main oxidation product. Unreacted nethacrol ein can al so
be separated in the quench unit and, if desired, conducted back to the
catalytic reaction zone for further reaction. Quench units suitable for use
in the apparatus according to the inv&ntion are described, for exanple, in
the references cited above in connection with a quenching process step. In
t he apparatus for production of nethyl nethacrylate, the third catalytic
reaction zone, preferably via at | east one of a quench unit and a
purification unit as described above, is preferably in fluid comunication

with a foupbhe gréataply ‘Froh’ﬁ'%%bbto"i #08Boli0> R8lE" bhdcerbhOheObmalind 8RSt one
conponent of the oxidation phase. The esterification unit is not

par ti cul ar PxidationiRhege sHbiesied toéhaieyrth srialwigireamion zope. Rstesably PE8RY on to
form et hyh, &t B)Q 8t ﬁrol%st of ﬁlema%hﬂﬁaé%‘d’aﬁd’/bit ﬁ@tt@a&&éml st dephse
esterification. eesterl I cation uni referably conprises an

est eri fi catedaudacalapsic, rew’ﬁoﬁﬁioﬁan|tb%péef¢ré‘¥<bﬁ@§1§¢ié§lﬁ@ thg inyeRtieiebus

catal yst s I q IS

pr ef er abl yfﬁ%ﬂn&ﬁaﬁoﬁg &&hgﬁ&@ﬁ&gﬁﬁeég% g%pcﬂaigg, FLOSE%%?‘(S??&I Blggelgsn us

6, 469, 202, adderdiag 33 4tBe tEPerltloBSLtro%'lhe\Iremtlooonimec'reﬁunmgafffaml tisl rstinder t he
trade nane n r rp.) or
Lewertit(r at?&ﬁcﬁ%&@&&éné Efr) 'Qa@ﬁ&afg?sgﬁ)?gatog% gfhaggmé&sglnﬁéﬁéggpgr%%h cation,
such as sulpéreby dt &cpiferr&S@! coiibinef this rrietluamdilvy'ﬁi st le@at i part obrilee accor di ng
totheinven eferaply i udcom*rumcat wi t h nyor

et hanol | PRSE8ALHTRAHEH Thamml the Breses Ay eaeRorhe fehiBe clbBhY catt on
wth the aboésﬂﬂéTson@sfdfrrﬁéthamadratmeﬂhanﬂl éepafa’ﬂed snipiier grocessestbpsol
preferably ri ses agurl tion ownst ream of the

fourth cat %@%?f‘%grtaéé?u YP’?'&He Orsﬁ’f&lr% f"efr?ﬂ} ?t?ﬁ’ég ogﬁe%i(t)'tgséﬂ I #own to

t he per soncgkimletddllyl dbtdingblamicthasbl PAGdigsrabt etRAPI r&h adbtHeedslrcens
distillati on devi ce crystalliser, extractor, colum or wash device, nore

pr ef er abl ypr&ferl'%’aéft "@né”‘tﬂ’iuﬁf iaf | methgRolyseparatedal siehmd) PfofeaPR%Ess i cat i on
unit for netdeadeg tb %@ﬁﬁ/@ﬁﬁ(ﬂﬁ@ le8s BRI disired i+ $31BBhYleteds Mt hanol

can also be in f# communi cation with at | east one of the second

separ at i onPesildle ap iﬁ?ételﬂﬂ"ﬁ%ttonpﬁ stemiitatthemregase aceprding tg dhg Bxedforret hanol |

whi ch can be conmercially obtained nethanol or, for exanple, recycled

met hanol , for exanpl e net hanol recycled fron1the esterification in the
fourth cat ahqmaanseﬁ@armmgm&e Fhteritgatian an a@pntﬁ?f th@r preeesscaerordis@ at | east

one third pugl |h\9eq*{thﬂr?s H8 élarﬂg @{ﬂrﬂﬂ% eb%‘sg purl %te' ricble, T or

purification i acr |ca ion units ére known
to the perbmrempléedsmesbhlmedanm B 6469392 alft 424974 Pr iIER1 2641888441, one

distillati i C hser, t.Qh, I I h e, nore
pr ef er abl yagtﬂﬂééag&onmgﬂpgi’tl 5@%@%6@5 Tﬁ'g g‘é’@ﬁggé\tlﬁ%ne télg((r;d
purificati gisclosires $bocérdingrmtﬁrmcaﬂim @ftadr;ﬂmmdpaemiaaﬂyllq:)amdé iaombhéreby of net hyl
met hacrylate and at |east partia parati o far exanple
pUr 1) oo MEPRTAHB (GharHE Rt B (75 Earstih. Seree: A8 EXRAIGHORY/ or
unreact ed pridrasiyyddtslyesd 8y danbeiart @aianygtagebySa @atalysptdombing &edicecycl ed
into the esterification reactiaon, %lon IIy after bein subbpctﬁdto

purificati81PUPsr PER{RraSl O¥nauRq gy ycatalyst” comprising acidic gro
oxyesterification is also possible, for example as described in the literature cited

above. The esterification or the oxyesterification preferably takes place in the
presence of a polymerisation inhibitor to prevent polymerisation of methacrylic
acid and/or methyl methacrylate.



Each supply conprised in the apparatus according to the invention can be
any neans suitable for supplying respectively the desired feedstock to the
rel evant apparatus conponent or area, for exanple a reservoir, a pipe, a
line, a tube, or the like. In particular, the supply is preferably
resistant to el evated and/ or decreased tenperature and/or pressure. A good
tenperature and/ or pressure resistance is particularly preferred if one or
nore of the reactions which should tak® place in the apparatus according to
the invention is a gas phase reaction. 35 The supply is furthernore nade
of a material which is not reactive with any of the conponents of the feed
conposition, nor with any further conponent or conponents which m ght be
added to the feed conposition, as nentioned above in connection with the

process acﬁpét@bﬂ&) drané fb?ode‘%ged%%bt‘éﬂw %] ﬁ*ﬂ‘eﬂh@éﬂﬂbn%@'%réﬁaréﬁ@i o ﬁ}%@hyﬂ eel . The
invention also relates to a &ocess according to the invention for
él

pr epar at i ofedtacpdatRacthg| petegiigadionwhbass ris sapiPNsHY caiegted plor forthiEd i n an
appar at us ﬁ%@?g&ﬁ‘goﬁ@ b sz’ed?éfe%ly Hagny W&Héérgl%téilss%ﬂa%t@& ot O

met hacrylic a t al nab e b rocess accord I nvention. The
i nventi on aiheo astariicelipn @hasqncoa@@geaf@cwqm A§ Yroeacied i mewanploand/or

preparati o g%rcgfﬁlz%i gr‘?cLBﬁ%WrJnﬁL%rﬁleswg §Blé‘ %ﬂ’ﬂr%n%% 6dé§ ﬁﬁ&k”rﬁ med in an

appar atus ac e Invention ven so re es to methyl
net hacryl atee thﬂatmrsmrblsémmy ia mleoeésan@cpreﬁemm;g qomprise ahleastiane ofhe

vt on AERS! % B8l Gy ey AP HESRRIBLAY & edfid TRt e ester
al pr epar at pmferablynmet heasy | ore adistilatioc odeving. tSeparaiedc esthacdorddiog t o any
methacrylic acid can be recycled to other reaction steps, or to the esterification
step, optionally after purification. Methanol is preferably recycled to at least one
of steps b), c), f) and j).

It is preferred in the processes according to the invention that at least step h),
preferably at least one, more preferably both oxidation stages of a two-stage
oxidation in step h), occurs at least partially in the gas phase. It is also possible
that other process steps occur at least partially in the gas phase, whereby
preferably at least one of steps ¢), e) and j) also occurs at least partially in the
gas phase. It is also conceivable that at least one or even all process steps
occur at least partially in liquid phase. Thus it is possible that all steps occur at
least partially in liquid phase, that all steps occur at least partially in the gas
phase, or that at least one step occurs at least partially in the liquid phase and
the remaining step or steps occur at least partially in the gas phase. If step j) is
combined with a second oxidation stage of step h) into an oxidation-
esterification step, it is preferred that the oxidation-esterification step occurs in
liquid phase and, accordingly, that the second oxidation stage likewise occurs in
liquid phase.



one of clainms Ito 10 or 19; or a2preparation of nethyl nethacryl ate
according to a process according to any one of clainmns 2 to 10 or 21; and
a3reaction of the nmethacrylic acid obtained in step al or of the nethyl
nmet hacryl ate obtained in step a2 with an al cohol of formula RIOHm 36
whereby n and mrepresent an integer from1l to 10, preferably from1l to 6,
nore preferably froml to 5 nore preferably from1l to 4, nore preferably
froml to 3 and Ris selected fromth& group consisting of |inear or
branched, saturated or unsaturated, aliphatic or aromatic, ring or straight
chai n hydrocarbons and |inear or branched, saturated or unsaturated,
aliphatic or aromatic, ring or straight chain hetero-atom conprising
hydrocarbons, for exanple alkyls, hydroxyal kyls, am noal kyls, other
ni trogen- Andhesr éBth&S%moﬁQ@Bb!vﬁg“ﬁe@a%‘v@%@ble&byé;%aﬁe Y @h-"‘appbfdt@s s, _
bi sphenols, fatty acid residues, whereby R preferably represents butyI in
parti cul arfoﬁpfﬂﬂiﬂ'on plypeiiagylic AGiHr RIS , preferably 2- hydroxyethyl, and
hydr oxypr ogy! ’atﬁéﬁteﬁr%bédbpg/ %bYdart R, Rod IS AYRIORY loaseby! , 2-
et hyl hexyl ;] isodec , 1 sobornyl, benzyl, 3, 3,5- trlnethyl
cycl ohexyl, st%@pmfor me h‘yleaﬂh AN DEING M@ﬁ?ﬂ“ﬁ?ﬂ”ﬂ?@ﬁlﬁﬁw 2-tert-butyl
am noet hyl 4 et t c I
met hoxypol >)et hé;?ﬁ}esﬁeéag % {Eagg%ﬁ%ﬁ%‘ﬁ%(%%%ﬁ? %ﬂtn[e\leggﬁég@r?gﬂé%ﬁg%feed
met hoxypol yet munmltghmole in fleidrooxypanigaiionyditne gl ycol 1000,
met hoxypol fﬁgt '|8§ héfcrﬁ’ét E%?a‘?anﬁhﬁﬁx%f%'e}é%%he&em% RERGY ﬁﬁﬁ’he al Iy,
et hyl ene gl'ycol, “di ethyl ene rie ene gl ycol, pol yethylene gl ycol
200, polyet hyI&Fﬂlmnybf/thelﬁrdtO:@;aIw;d}eamﬂrmwé[ ol fluid cemmutimataeh with
1, 6- hexaned ol NEer. di,ur et hane,. et hoxyl at ed bi sphenol A, ethoxyl ated
b| sphenol X! %W%% P@W?ﬁOT@@WPBW&%OM de units; trinmethyl ol propane,
an et hoxyl &t ech é‘é&arﬁl&télgtut yeationrohe fopti leael partial whttmgaopré’BE\Mm h 25

et hyl ene oxide upits i met hyl ammoni um et hyl . The net hacryl ate ester
derivatives CJWCSEOFB'?“HB%Q VNSt ep a3 from nethyl nethacryl ate by nethods

known to th?e sdti Ibhtbries6s0hd éafarﬁmmhefd?ysddamms@fea Iff’:’stQ@ébtﬂﬂene
Alternatively, these derivatives nay be pregaare in step a

esterificati orP"@Feﬁéqmat@?y?ffl'éerﬁc?fdth&cﬁ%ﬁ%idn takytie H@a?tWeﬁ?’?eodxv@L{'qj\ t he
respective al chghunitdtioh WitH t her possi bl e preparation of the hydroxyester

derivatives, nethacrylic acid according to the invention is reacted in a
ring- vil) a third catalytic reaction zone for at least partial oxidation of the first

isobutylene phase to an oxidation phase comprising at least one C4
oxidation product selected from methacrolein and methacrylic acid.

A further contribution to solving the above problems is made by an apparatus

for production of methyl methacrylate, comprising

i)  at least one supply for at least one C4 feed compound and at least one
supply for methanol, each supply being in fluid communication with

i) a first catalytic reaction zone for at least partial conversion of the feed
composition into MTBE; in fluid communication with

i) at least one first separation unit for separation of methanol from the
effluent of the first catalytic reaction zone; in fluid communication with

iv) a mixing unit; in fluid communication with

v) a second catalytic reaction zone for at least partial splitting of MTBE; in

fluid communication with



37 opening reaction with a correspondi ng oxygen-conprising ring, for
exanpl e an epoxide, in particular ethylene oxide or propyl ene oxide. The
invention also relates to a nethacrylate ester with formul a

[ CH2=C(CH3) C(=0)0] - R, wherein n and R are as defined above. Preferred

met hacryl ate esters are al kyl nmethacrylates, in particular butyl

nmet hacryl ates, in particular n-butyl nethacrylate, isobutyl nethacryl ate,
hydr oxyest er net hacryl ate derivatives4 for exanpl e hydroxyet hyl

nmet hacryl ate, preferably 2- hydroxyethyl methacrylate, and hydroxypropyl
met hacryl ate, preferably 2- hydroxypropyl nethacrylate or 3-hydroxypropyl
nmet hacryl ate, and special nethacrylate esters ethyl nethacryl ate,

2-ethyl hexyl nethacrylate, isodecyl nmethacrylate, cyclohexyl nethacrylate,

i sobor nyl  ppt @Qéyét% sé&ﬂé}gelpﬁ%ttlbﬁ@n‘}ﬂ adreseparation- 6 4 MRt hadbueyehdhexyl

met hacryl ate, st earTy met hacryl ate, dinmethyl am noet hyl nethacryl ate,

di et hyl ami nog#éss| qmtthaceff}m%nteof thet s8qopdt Satalxte Rerqting | zanst HaWA at e,
ethyl triglyc, @hmElidacnigf €, tetrahydrofurfuryl nmethacrylate, butyl

di gl ycol nethacryl ate, nethoxypol yethyl ene glycol -350 nethacryl ate,

met hoxypol yigt haylth.sfeb calatiol resoPEene dery Phieast rp@ﬂreé)@wtlyetcﬁyth@nﬁrsgl ycol 750
nmet hacryl at e, I R Ydia

met hoxypol yeth e@é%?ychéséqéogneoﬂ%gﬁy ate C%Fﬂ ?/pé(;t {(/ag%s y ene gl ycol
5000 net hacr yladidgtionlprgductreelhrated yitom metmmelheandyhetb\aers/ﬂ@amdf ingftvid

et hoxyl ated (opti exanple, with 25 nol EO CmC s fatty al cohol,
2-trinmet hyl am“ﬁ)rrﬁrﬁ%%%%yl 'ﬂrr{et hacryl ate chl ori de; ethyl ene gl ycol

di met hacr ylia} eg fadxi*tbtda;dlyirme'egtt)ou:mor‘m foeestaciioatian e)‘ at leasttdnd emepayiept ol

di met hacryl ate, . pol 200 di met hacryl ate, pol yethyl ene gl ycol
400 di net hacr ﬁfé\\l'?eeoyﬁa%aﬁﬁe@)@f %ﬁrﬂ@fjﬂ'gé ﬁ% 1, 4-butanediol d i

met hacryl @&y e,a $upplhaorametianbl, dn ifioret b@m‘rwhmbeon g\htymtaecﬂt ldastnatehéict yl at e,

di uret hane di net hacryl ate, ethoxyl ated bi sphenol A di nethacryl ate,

et hoxyl at ed (W@ﬁ'&ﬁ%‘t for exanple, with 10 EO bisphenol A

di et hacryl ate; trinmethyl ol propane trinethacryl ate, 38 The invention
further relates to a process for producing a oI ynmer co sin t | east
one nononef N& M s!%lﬂé'@t ERMMEBIGANRI H%WQWS%QQC e %Wﬁ?ﬂ‘ngék‘ﬁta%%yl ate and a

met hacryl i gnhRftah wénétfbés%ﬁélbaalh@ha %’4 %p&ﬂ'oé)sﬁaerm&"aﬁﬂlﬂd brangl R are as
defi ned above, conprising the steps: preparation of | east one of

met hacr yl i ethaeiflkid, gap Higw ferhace )ﬁ"%’ﬂl or é%@ﬂ‘p&ﬂeﬂb@s?n‘éiﬁé" Wf‘h‘&'&‘?@ltﬁ?e ester
accordi ng {Pmer RiPEseoreHiditieg. to the invention, A2.polynerisation of

Any supply which is intended to supply a gaseous phase or composition is
preferably maintained at a temperature above the dewpoint temperature of the
gas to be supplied. This can be achieved, for example, by heating or by
thermally insulating the supply. |

The at least one supply for at least one C4 feed compound is preferably at least
one supply for at least one of isobutylene and TBA.

Each supply can be any means suitable for supplying respectively at least one
C,4 feed compound and methanol to the first catalytic reaction zone, for example
a reservoir, a pipe, a line, a tube, or the like. In particular, the supply is
preferably resistant to elevated and/or decreased temperature and/or pressure.



A2a. at |east one of the methacrylic acid, the nmethyl nethacrylate and the
at | east one nethacrylate ester obtained in step Al, and A2b. optionally at
| east one co-nonomer which is co-polynerisable with at | east one of

met hacrylic acid, nethyl nmethacrylate and at | east one nethacryl ate ester.
The polynerisation is not particularly limted and can be carried out by
any nethod known to the skilled person and appearing suitable, for exanple
as described in US 5,292,797, US 4,562 234, US 5,773,505, US 5,612,417, US
4,952455, US 4,948,668, US 4,239,671. Preferred pol ynerisation nethods are
radi cal polynerisation, initiated by initiators which deconpose into

radi cal s under the polynerisation conditions, whereby the polynerisation is
preferably a solution or an enul sion polynerisation, preferably an agueous
sol ution K f

o pol yrrer O e e o e D R fgfiPone or

met hacry| amiotee, thadseqqtlpas aldflilfﬂi\ shovisk tekeyplaceimne amah%tw 9P¢Qfd@§|t@l thest er s,

such as ne CLY I acryl ate,
et hyl net h@g&ch’ﬂ 5 égcia% E}ﬁé aggéﬁ’lgﬁegsggag% fP %Lacry E’Qétv\el | as
acet at es smhtl\asWhrMy at@teatcempsnwterté thbdeadiimcaﬁon Bor :mmyamm trile.
The at p f r e@0, oner

sel ect ed fﬁ‘ﬁi‘hg{]hcéﬁ@‘%&%ﬁpgrns@wgﬁts 'Q\ﬁ']c;[% %i)ut adi ]&ejng(51 Ea%ry onitrile,
butyl acrytahgositidnnygls raesttontd ,aboee myk:omsfcylbatveth theeprpedspnarcosding t;m can al so
take place in th resence of one or nore crosslinkers. Preferred

cross-1li nk@%nf 28'5)d| ng to the invention are conpounds whi ch have at | east
two ethylenically unsaturated groups in one m)l ecul e, conmpounds whi ch have

at least two fu ct| nal S which can r ith functional groups of
Fhe mamomeice prEed Agbs e th appaets Ao g o dis Pl o582t ishst, P

ring- openi g s QP fRthe §ﬂ§mwﬁ@$4vfeb@|&oﬁ@@s§ncats lh&amtcdhﬁ‘rﬁumbﬁ)drﬂmtmw | y
unsaturated group and at | east one functi onal g(ﬁ V}&ﬁ Eﬂ% éeact W th
funct i onal @ §rasips RogferaRly WiiRcher SUlie of % GRGKRIs AP IS0 PEEraBY Bddi t i on
reaction Ofhepnl BQCQWk”&aE@C%@’&abﬂf apﬁbumab@@kemeﬁ &l figiat télal%tlc The
invention also relates to a é@ﬁfgr obt ai nabl e accord ﬁ%‘ito a process

accor di ng €r@ckeie At rﬁ‘%ﬁ,ﬁrﬁtqr@np@’r‘f'cé engion geparatien sinitoigedr @Wﬁr‘o‘iﬂ’ﬁ?q sel ected
froma mt@&ﬁﬁéﬁ%‘a?n F Ithle PRI s oA HEP 1R Waél%r (e fNAN LR bkt RISl nabl e by

a process accor to the 1 nvention, rret acry at e nononer
according p@’tialhepwrmeérhaf@'@ king Berdueigs to e %t lpasi cnessuppioiofiahdeassd t he

i nvention d&ﬁgﬁ(ﬂn@t hE S Perasf‘&?é)bgﬂlﬁl%h&?laﬁm%r %Qg&@% Pn?f:al‘?bt ai nabl e

by a process aécor o the inventron, as well as optiona
conponent scaupiseasn a&xtractimm onit or antydpgeaiminl ynig for esaﬂnpiekerselectlve

extraction or hydrogenation unit which removes or converts butadiene. The at
least one purification and/or separation unit preferably further comprises a unit
suitable for separating a product comprising isobutylene as main component,
optionally together with variable amounts of other C4 compounds, principally 1-
butene and 2-butene. Such a unit can be, for example, an extraction unit, a
fractionation unit, a distillation unit, preferably a catalytic fractionation unit, a
catalytic distillation unit or a reactive distillation unit. An isomerisation reactor
may further be in fluid communication with the at least one purification and/or
separation unit, preferably an olefin metathesis reactor such as those available
from the company ABB Lummus Global under the commercial name Olefins
Conversion Technology (OCT). The at least one purification and/or separation
unit preferably also separates a composition comprising 2-butene as main



The invention also relates to a process for producing a conposition
conprising at least a first conponent selected fromat |east one of

nmet hacrylic acid according to the invention, methyl methacrylate according
to the invention, a nethacrylate ester according to the invention, and a
pol ymer conprising at | east one nononer unit selected fromnmethacrylic
acid, nethyl nmethacrylate and a nethacrylate ester, conprising the steps:
40 Bl1. providing at |least one first c2drponent selected from nmethacrylic
acid according to the invention, nethyl nethacrylate according to the
invention, a nmethacrylate ester according to the invention, and a polyner
according to the invention conprising at | east one nononer unit selected
frommethacrylic acid, nethyl nethacrylate and a nmethacryl ate ester, B2.
conbi ni ng tipdferk Sfitn WSudiEE o SUTRIARMaRIPIMIRRS, it Brdlbntd ltridn | east one
further conponent. The at east one further conponent preferably at

| east one iSoMeORRIMN Mactkastkas A orddiinar anvmtage/mfr@pv@!n@rgaﬁqucc%pf| nor gani ¢
polymers, § e lé%;l

pol ystyr enea% tﬁ?wﬁe %ﬁ%&&%r%?@f&fies%é%ﬁf@ﬂ%%%tﬁa a p% ysaccharl de,
a silica, amwanaandman‘@rslah of Trwiténevistot 2-buteaéso r el at es to a conposition
conprising at |east one first conponent selected from nethacrylic acid
according to the invention, nethyl nethacrylate according to the invention,
a met hacr yTa¢ eppabirs aa)comiimg' toghé inviehtion algecbmpniseaatleastpwieysupplyadfocor di ng t o

et haory1 | HoRerd e i e Eabn B TR ECe Rickr T &l ar 1 cast

one furthesowosmpenentas ar metiaaohabderveic aor di swiréed o reepdes smathaooldi ng to
the inventi

n. In the nposi ti on, accordin i on, e at | east
e & i £ e PGy o e ea Saire oBf S lens ARl 1S et Peh o, ohidfie o ped
above in Céﬁ?ﬁﬁ’&ién@oﬂwﬂehaédaﬁatné(a@@@‘dlrfgoro PEaONEHEBE Vehet@ PetRahdlas .at The
invention also relates to chem cal products such as a shaped article, a

moul di ng nigeerRalialysepafaed-a sheet, a granulate, a conposite, a foam a
fibre, a lubricant, an adhesive, a thickening agent, a suspending agent, a

fl occul ant, a resin, plastic, a coating, a contact |lens, a construction
mat eri al , gacrh@gdhgeanove supplies is in fluid communication with a first catalytic

reaction zone for at least partial conversion of the feed composition into MTBE.
Exemplary reactors and reaction conditions, including suitable catalysts,
temperatures and pressures for etherification of isobutylene with methanol to
form MTBE are known to the skilled person and are described in the references
given above in connection with the disclosure of the process step for formation
of MTBE, for example in A. Chauvel, G. Lefebvre, “Petrochemical Processes,
Technical and Economic Characteristics”, Vol. 1, Editions Technip, Paris, 1989,
p. 212-213; Ullmann’s Encyclopedia of Industrial Chemistry, 5" Edition, Volume
A16, p. 543-550, as well as in US 4,665,237, US 4,774,365, US 4,299,999,
US 4,806,695, US 4,906,788, US 5,576,464, US 4,570,026 and US 5,336,841,
among others. Etherification of TBA with methanol to form MTBE is described,
for example in EP 1149814 A1, WO 04/018393 A1, WO 04/052809 A1,
US 5,563,301, US 5,243,091, US 6,063,966, US 5,856,588, US 5,576,464,
among others. The disclosures of these documents concerning preparation of
MTBE are herewith incorporated by reference and form part of the disclosure of
the present invention.



41 material, a pharmaceutical, a material for controlled rel ease of active
substances, a foam a fibre, a lubricant, a powder or a particle conprising
at | east one of nethacrylic acid according to the invention, mnethyl

met hacryl ate according to the invention, nethacrylate ester according to
the invention, a polyner or co-polynmer according to the invention which
conprises nethacrylic acid, nethyl nethacrylate, and/or a nethacryl ate
ester, and a conposition according to2tThe invention. The invention al so
relates to a use of at |east one of nethacrylic acid according to the
invention, nethyl nethacrylate according to the invention, nethacrylate
ester according to the invention, a polyner or co-polynmer according to the
i nvention which conprises nethacrylic acid, nethyl nethacrylate, and/or a
nmet hacryl ate ester, and a conposition according to the invention, in

chem cal products such as shaped articles, moulding materials, filns,
sheets, gr &hifiest eatalysiergastivn aane isdprefarakly in Auid eR@AIUNICagR Wit§ atashendi ng

agents, flgge Hlls?géﬁar'aﬁ@r’?‘ hﬁr? forRe ﬁ?d’uﬁﬁ 'of § éﬂ?ﬂ%np%t&ﬁ&er{t%‘ﬁﬁegﬂrst

construction materi a sorbe t materials, pharnmaceuticals, materials for
controll edcatelyétaswatbn ZongvEhe lsasarah@esmltfoaampmﬁrismw meais seiahe,

powders, p i t S t ting
figure andg@é(a@p @%C%Y%a b)%%d} ?ﬂé%%@ o‘f"fﬁﬂg@@sé e@matl cally
a preferr edorapdnmﬂrtsrmmtnptm&sed hie Hyepeaffaeots of taeciusdlcagalyttm té@tlonvmmet on. A4
fraction fgrom no 0 is tr ed i n 2to
obtain a dgé"i’m@&gc rrﬁld'éelbﬁ? dﬁeazﬁdaf aguﬁf)r?e& ?)éstté)lﬁ%m% gt |nr’ S
cat al yti c dietitztionierioaea Aectlmtfmarmiwoesasmmpbnaed & parvappraitign :Gletnoefa r st
catalytic reaction zone 4. In tb lytt

phase separation device, an absorption device, an adsorption device and a

wash device.

The at least one first separation unit is preferably in fluid communication with a
mixing unit. The mixing unit comprises at least two inlets for MTBE, preferably a
first inlet for MTBE arising from the first catalytic reaction zone and a second
inlet for MTBE from another source, for example for commercial MTBE. In the
mixing unit MTBE entering via the first and second inlets can be combined. The
combined MTBE phase can then be supplied to the second catalytic reaction
zone.

The mixing unit is thus preferably in fluid communication with a second catalytic
reaction zone for at least partial splitting of MTBE. Splitting units and suitable
catalysts for MTBE splitting are well known in the art and form part of the
general knowledge of the skilled person, as described, for example, in
Ullmann’s Encyclopedia of Industrial Chemistry, 5™ Edition, Vol. A4, p. 488; V.
Fattore, M. Massi Mauri, G. Oriani, G. Paret, Hydrocarbon Processing, August
1981, p. 101-106; Ullmann’s Encyclopedia of Industrial Chemistry, 5™ Edition,
Vol. A16, p. 543-550; A. Chauvel, G. Lefebvre, “Petrochemical Processes,
Technical and Economic Characteristics”, Vol. 1, Editions Technip, Paris, 1989,
p. 213 et seq.; US 5,336,841, US 4,570,026, and references cited therein.



42 reaction zone 4, nethanol and isobutylene are reacted to form MIBE. The
effluent of first catalytic reaction zone 4 is conducted to first
separating unit 5, where MIBE and net hanol phases are separated. The

met hanol phase is conducted to nethanol supply 11. The MIBE phase is
conducted to mxing unit 6 and optionally m xed with MIBE from anot her
source which is conducted to mxing unit 6 by nmeans of supply 16. The MIBE
phase exiting mxing unit 6 is conduct®d to second catalytic reaction zone
7, where it is split to formprincipally isobutylene and nmethanol. The

ef fl uent of second catalytic reaction zone 7 is conducted to second
separation unit 8, where a first isobutylene phase and a nethanol phase are
separated. The methanol phase is conducted to nethanol supply 17 and the
first isobutylene phase is conducted to purification unit 18, where
inmpurities, as well as a further nethanol phase, can be separated. The
further mefhemsetonsheatelylic repstiduzone is i frid waﬁtﬁmurs'@ﬁﬂpnymttvat femst @R i fied
first isob n eaction
zone 9, co%%¥%§|%§QOX|ga?ﬁ%ﬁﬂgggﬁﬂg@ﬁhbg%hﬁ tquhéyg ﬁgﬁfkﬁﬁ?ﬁF%rnedlate
opti onal qeffnett einihe ZondEaatalyici r@at:imnzam@aﬂmaepaamn whit slanneg abe

conprised jn.0 0 re i dat i 1 3 h sake of
clarity), l:{aQSts?]ﬁ%I feggvﬁx{tr%)&zg’?’r% g&%%ﬁﬁséﬁogcfoidﬁéﬂg 8¥\ﬂn‘1§g§é &%Wcal ?é(suppl y
19, st eam safifdayioR dewine, aimmanammmryamtaﬁw&mmaar@laywam Heeineé. supply 21
is optionally supplied with diluent froma recycle flow 15 from quench unit
23 and/or purification unit 25, optionally via a conbustion unit 34

(recycl e f it evpidderseudincithstappatans ua(ndrdag tartiee imventdrotrat ey at leassake of
clarity). In first oxidation area hacro ei.n i mai n
ot oduct . SRS IERETUAT o OpBRRP SAUREIY B SoBhd eRred e Tt 14b,
et hacryl i gt I%ét%%%e%@ﬁd@épa’#ﬁtné?ﬁumt paPflidler 6dmprsglatmenaedl separader ol ei n.
The nethacrylic acid-rich effluent exiti ngﬁ;the third catal yt)c reactl on

zone 9 is ¥hdiOEtR@MAE @Eéﬁ%ﬂ g of 20 exHastar et HRIRYP§c acPlymy a

transf er r egisiilign JBYRBUS rfa@tﬁ'ﬂ&htﬂrh@eﬁ@é haGkarhbranaCh %e?\%’éﬁatioﬁ ddvaie, conduct ed
to third purification unit 25 fo pUI’IfI cation of nethacrylic aci d. In one

or both of ar@esRimtienyait,en abﬁprmﬁ gnicand arivaphi device, ordheBtethAndl fatan be
separ at ed. r r h ns of

met hacr ol el nég%ac?g%aéﬁ}:ondét?% K-;ﬂ%ﬁﬁ ﬂgg?ﬂseép?é%?ﬁg&%bﬁgba%%nﬁ?eéa%ab for
further oxidation reaction. The nethacrylic acid phase exiting third
purificati i ] :«C h
Catalyt o (0 gt idast DoEkehfa SRpbRRpA A AR MM EomhRrlcaton
separ at i ngwiiimiatthitd catplytio rwctign pameé for @l leiant partialfaxitationof thei isolBdyleng al so

R

reaction zgéiecté@frbm hethaceol¢ir tahyl Imeteadralar adidit e phase corrprl si ng net hyl

met hacryl ate as main product. The nethyl nethacryl ate phase can be purified
in purification unit 30. Unreacted nethanol and nethacrylic acid can al so
be separ at pdtnenappiratus Caicoriing!iid thed thvelbidmathel thnarcamytroemtm zboef i rst
catal ytic reactlon zone 4, to fourth catal tm e{ictlon zon ?

third cat aP\pigraPly CREHERS Ebﬁé%"”%ﬁ’f‘ﬂ%‘r‘?&!‘f’ PLAgPSL QPE “9'? aini

purificati @.nprei‘é?émt‘dtméaét Gd Exi8afbrPanit 8cKEdIe ok afr@bg tdut @Xidakigh oy reaction
zone 10, optionally th_an internmediate purification, for exanple in third

purificati @ﬁb'ﬂFM'ief‘e’@S‘d/% TBA faatJeass ongepfartiecaiRin andnmeRRerficiacidaci d i n
the effl UeBltef&BbI}/%Hd?ns ta%hé/éétené%%fahsrm ca@Rt i %e%nem o@x@rtg(‘rt%théﬂ away .
The third catalytic reac i on zone lustrate gure as a two-stage
oxi dati on goheartke far gmm@ec@mlméb@cea@@réugh@sﬁtage a@ﬂlsﬂéﬁ reasidrode. In
this embod,aRenc{ohBr BY @ﬁéeﬁ%éﬁga&w'me@@%mtab&mk&t@sretf&ré&' rd
catalytic reaction zone rising an dation area I'n oxidation
area 14, nptelfereblylaemultitubef I@Iam@d pagkkedowitlv exidatiorc catalyalu Sush yeaciongeartacr yl i ¢

o ocedur o Ber s 5glsBlen B, kel OB, RN e RboRdrfer) e

according to tables 1 to 3 of that patent. The yield of MIBE given is
cal cul at ed based on the anmount of MIBE in the product stream before any
purification step or steps.



Table 1 Feed Mol es Ml arratio (basedon IBEN) Yield (based on | BEN) C4* 100
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Werft, Germany, or from Ishikawajima-Harima Heavy Industries (IHI
Corporation from 01 July 2007), Japan, and form part of the general knowledge
of the person skilied in the art.

In a preferred embodiment of the apparatus according to the invention, the
catalytic reaction zone comprises one oxidation area, preferably one oxidation
unit, whereby it is preferred that this oxidation area comprises at least one
catalyst, preferably one catalyst, preferably a catalyst capable of oxidation of at
least one of isobutylene and TBA to at least one of methacrolein and
methacrylic acid, preferably to methacrylic acid.

In another preferred embodiment of the apparatus according to the invention, it
is preferred that the third catalytic reaction zone comprises at least a first
oxidation area and a further oxidation area, preferably a first oxidation area and
a second oxidation area. The first oxidation area and the further oxidation area,
preferably the first oxidation area and the second oxidation area, can be
different oxidation areas in a single reactor, or they can each be in a separate
respective reactor, with all reactors being in fluid communication with each other
. In an embodiment where the catalytic reaction zone is in the form of one
reactor, a first oxidation stage is preferably in a first oxidation area in a reactor
and a further oxidation stage is then in a further oxidation area downstream of
the first oxidation area in the same reactor. It is preferred that the reactor is a
multitube reactor as described above. In this case it is preferred that at least
one oxidation catalyst, preferably at least two oxidation catalysts, are provided,
preferably in a layered-type fashion, preferably such that a first oxidation stage
occurs at at least one upstream catalyst layer and a further oxidation stage at at
least one further catalyst layer downstream thereof. Catalyst layers in a same
tube can be directly adjacent to each other. It is also possible that at least one
catalyst layer is separated from at least one other catalyst layer by at least one



-ofwhich 'BEN 47 1 - MeOH 49.6 1.3

30

intermediate area, for example at least one mixing area or at least one transition
area, e.g. at least one transition area between an area with a certain number of
tubes and an area with a different number of tubes, or by means of layers of, for
example, packing materials or suspending agents which are inert under the
reaction conditions. If, in a process where the first oxidation and a further
oxidation occur in the gas phase, the first oxidation area and the further
oxidation area are in separate reactors, it is preferred that all reactors are
multitube reactors. On the other hand, if at least one reactor is a liquid phase
reactor, for example a liquid phase oxyesterification reactor, this reactor is
preferably not a multitube reactor.

It is preferred that the first oxidation area and the further oxidation area or areas
are at different temperatures. It is further preferred that the first and further
oxidation areas are separated by an intermediate area which is at a different
temperature to that of either of the first and further oxidation stages.

In a preferred aspect of the apparatus according to the invention the at least
one oxidation unit thus comprises at least one catalyst layer of at least one
oxidation catalyst.

It is preferred in the apparatus according to the invention that, if the apparatus
comprises a first oxidation area and a further oxidation area in the third catalytic
reaction zone, the first oxidation area comprises a first oxidation catalyst and
the further oxidation area comprises a further oxidation catalyst, whereby the
further oxidation area is preferably a second oxidation area and the further
oxidation catalyst is preferably a second oxidation catalyst. The first oxidation
catalyst is preferably a catalyst for oxidation of isobutylene to methacrolein, and
the further oxidation catalyst, preferably the second oxidation catalyst, is
preferably a catalyst for oxidation of methacrolein to methacrylic acid. The first



Pr oduct

MIBE 45.64 98.3% *C4 =| BEN, n-butene, butanes as well
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and further catalysts are not particularly limited and are preferably solid
catalysts suitable for the oxidation, preferably mixed metal oxide catalysts. Such
catalysts are well known in the art, for example as described in
US 2002/0198406 A1, EP 911313 A1, US5,602,280, EP 145469 A2,
US 5,218,146, US 4,365,087, US 5,077,434, US 5,231,226 or
US 2003/0004374 A1, US 6,498,270 B1, US 5,198,579, EP 1595600 A1,
EP 1 052 016 A2, US 5,583,084, and references cited therein, whose disclosure
concerning oxidation catalysts is hereby incorporated by reference and forms a
part of the disclosure of the present invention. If a first and a further oxidation
catalyst are comprised they are preferably arranged in the at least one oxidation
area as described above.

In a preferred aspect of the apparatus of the present invention, at least one
supply for at least one O, source, preferably at least one supply for air, and at
least one supply for water and/or steam, are in fluid communication with at least
one of the catalytic reaction zone and the supply. It is preferred according to the
invention that the at least one supply for at least one Oz source and the at least
one supply for water and/or steam provide respectively at least one O2 source
and water and/or steam directly to the catalytic reaction zone. If the catalytic
reaction zone comprises at least a first and a further oxidation area, the
apparatus preferably comprises at least one supply for at least one O2 source
and at least one supply for water and/or steam for each oxidation area. The
apparatus can further comprise a supply for a diluent such as nitrogen, argon,
carbon dioxide, a saturated hydrocarbon, a combustion gas or the like,
preferably nitrogen or carbon dioxide, preferably recycle gas comprising at least
carbon dioxide recycled from a catalytic combustion unit (CCU) or a thermal
combustion unit (TCU).

as about



The purity of the MIBE is approximtely 84% due to azeotrope formation with
14. 5% net hanol. 45 11) Separati on of Methanol fro, MIBE-phase (process step
d)) The azeotrope was separated into nmethanol and MIBE by processes known
to the skilled person fromJ.G Stichlmair, J.R Fair, "D stillation:
Principles and Practice", WIley-VCH 2001, p.238. Table 2 Feed Ml es
Mol arrati o (basedon
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If the apparatus according to the invention comprises a first oxidation reactor
and at least one further oxidation reactor as described above, it is possible that
a quenching unit is provided after the first oxidation reactor and before at least
one further oxidation reactor, preferably between the first and second oxidation
reactors. This quenching unit preferably serves to isolate methacrolein. A
quenching unit between the first oxidation reactor and at least one further
oxidation reactor is preferred if the first oxidation reactor is a gas phase reactor
and the at least one further reactor is a liquid phase reactor. Quenching units
suitable for use in the apparatus are preferably those as described, for example,
in the references cited above in connection with a quenching process step, in
particular with an intermediate quenching step between two oxidation stages.

The apparatus according to the invention optionally comprises at least one
second purification unit, downstream of and in fluid communication with the third
catalytic reaction zone. In the apparatus for production of methyl methacrylate,
the at least one second purification unit is upstream of the esterification unit.
The at least one second purification unit is preferably suitable for purification of
methacrylic acid, preferably for separation of methacrylic acid from water and/or
terephthalic acid (TPA), and preferably comprises at least one of a distiller, a
crystalliser, an extractor, a wash device and a column. It is particularly preferred
that the at least one second purification unit comprises at least one crystalliser.
It is possible that the at least one second purification unit comprises more than
one purification stage. Unreacted methacrolein can be separated here and, if
desired, conducted back to the catalytic reaction zone for further reaction.
Suitable purification units are described in the references cited above in
connection with a process step for purification of methacrylic acid.

In a preferred embodiment of the apparatus according to the invention, at least
one quench unit is comprised between and in fluid communication with the
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catalytic reaction zone and the purification unit. It is preferred that methacrylic
acid present in the oxidation phase leaving the catalytic reaction zone is
condensed in the quench unit to form a solution comprising methacrylic acid as
main oxidation product. Unreacted methacrolein can also be separated in the
quench unit and, if desired, conducted back to the catalytic reaction zone for
further reaction. Quench units suitable for use in the apparatus according to the
invention are described, for example, in the references cited above in
connection with a quenching process step.

In the apparatus for production of methyl methacrylate, the third catalytic
reaction zone, preferably via at least one of a quench unit and a purification unit
as described above, is preferably in fluid communication with a fourth catalytic
reaction zone for esterification of at least one component of the oxidation
phase.

The esterification unit is not particularly limited and can be any unit suitable for
esterification to form methyl methacrylate. It is preferably suitable for liquid
phase esterification. The esterification unit preferably comprises an
esterification catalyst, which can be a heterogeneous or homogeneous catalyst
such as a solid state catalyst or a liquid catalyst, and is preferably an acidic ion
exchange resin such as those described in US 6,469,202, JP 1249743,
EP 1 254 887 A1 or commercially available under the trade names Amberlyst®
(Rohm and Haas Corp.), Dowex®, (Dow Corp.) or Lewertit® (Lanxess AG), or an
acid capable of catalysing esterification, such as sulphuric acid, H>SO4.

The fourth catalytic reaction zone according to the invention is preferably in fluid
communication with a supply for methanol, the supply for methanol preferably
being in fluid communication with the at least one first separation unit. The
supply for methanol preferably comprises a purification unit for methanol
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downstream of the fourth catalytic reaction zone. Suitable purification units are
known to the person skilled in the art and preferably comprise at least one
distillation device, crystalliser, extractor, column or wash device, more
preferably at least one distillation device. An example of a purification unit for
methanol is described in EP 1 254 887 A1. The supply for methanol can also be
in fluid communication with at least one of the second separation unit, the first
purification unit, and a source of methanol, which can be commercially obtained
methanol or, for example, recycled methanol, for example methanol recycled

from the esterification in the fourth catalytic reaction zone.

The apparatus may further comprise at least one third purification unit
downstream of the esterification unit, for purification of methyl methacrylate.
Suitable purification units are known to the person skilled in the art and
preferably comprise at least one distillation device, crystalliser, extractor,
column or wash device, more preferably at least one distillation device. The at
least one third purification unit should enable the at least partial purification of
methyl methacrylate and at least partial separation of side products, for
example impurities arising from the esterification, unreacted methanol and/or
unreacted methacrylic acid. Unreacted reagents can optionally be recycled into
the esterification reaction, optionally after being subjected to purification, or can
be conducted away.

Each supply comprised in the apparatus according to the invention can be any
means suitable for supplying respectively the desired feedstock to the relevant
apparatus component or érea, for example a reservoir, a pipe, a line, a tube, or
the like. In particular, the supply is preferably resistant to elevated and/or
decreased temperature and/or pressure. A good temperature and/or pressure
resistance is particularly preferred if one or more of the reactions which should
take place in the apparatus according to the invention is a gas phase reaction.



91.01 98.5%* Ca =IBEN, n-butene, butanes as well as about 1% C3 and
smal | er hydrocarbons. 111)Splitting of MIBE (process steps e), f),

procedure of Exanple 1 of DE 102 38 370 Al was followed,

gl) The

starting froma

conposition obtained in Exanple Il above, consisting of 91.01 % MIBE, <2%
<0.1% TBA and <0.1% H20. A splitting phase was obtained with
conposition 97.5 wt.% IBEN, 3.05 w./0 MeOH, 0.05 wt.% DVE, 0.04 wt. % H20.

net hanol ,

46 1V) Two- st age oxi dation of

h))

The supply is furthermore made of a material which is not reactive with any of
the components of the feed composition, nor with any further component or
components which might be added to the feed composition, as mentioned
above in connection with the process according to the invention, preferably
made of stainless steel.

The invention also relates to a process according to the invention for
preparation of methacrylic acid, wherein said process is performed in an

apparatus according to the invention.

The invention also relates to methacrylic acid obtainable by a process according
to the invention.

The invention also relates to a process according to the invention for
preparation of methyl methacrylate, wherein said process is performed in an
apparatus according to the invention.

The invention also relates to methyl methacrylate obtainable by a process
according to the invention.

The invention also relates to a process for preparation of a methacrylate ester

with formula [CH2=C(CH3)C(=0)0],-R, comprising process steps

al preparation of methacrylic acid according to a process according to any
one of claims 1 to 10 or 19; or

o2 preparation of methyl methacrylate according to a process according to
any one of claims 2 to 10 or 21; and

a3  reaction of the methacrylic acid obtained in step a1 or of the methyl

methacrylate obtained in step a2 with an alcohol of formula R(OH)rm,

i sobutyl®ne to nmethacrylic acid (process step



The conposition obtained in Exanple 111 was oxidised to nmethacrolein
according to the process and under the conditions of Exanple 15 of EP O 807
465 Al. The followi ng feed conmposition has been used (Table 3): Table 3

Mol MONO IBEN 1 6 02 2
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whereby n and m represent an integer from 1 to 10, preferably from 1 to 6, more
preferably from 1 to 5, more preferably from 1 to 4, more preferably from 1 to 3
and ;

R is selected from the group consisting of linear or branched, saturated or
unsaturated, aliphatic or aromatic, ring or straight chain hydrocarbons and linear
or branched, saturated or unsaturated, aliphatic or aromatic, ring or straight
chain hetero-atom-comprising hydrocarbons, for example alkyls, hydroxyalkyls,
aminoalkyls, other nitrogen- and/or oxygen-comprising residues, glycols, diols,
triols, bisphenols, fatty acid residues, whereby R preferably represents butyl, in
particular n-butyl, isobutyl, hydroxyethyl, preferably 2-hydroxyethyl, and
hydroxypropyl, preferably 2-hydroxypropyl or 3-hydroxypropyl, ethyl, 2-
ethylhexyl, isodecyl, cyclohexyl, isobornyl, benzyl, 3,3,5-trimethyl cyclohexyl,
stearyl, dimethylaminoethyl, dimethylaminopropyl, 2-tert-butyl aminoethyl, ethyl
triglycol, tetrahydrofurfuryl, butyl diglycol, methoxypolyethylene glycol-350,
methoxypolyethylene  glycol 500, methoxypolyethylene glycol 750,
methoxypolyethylene glycol 1000, methoxypolyethylene glycol 2000,
methoxypolyethylene glycol 5000, allyl, ethylene glycol, diethylene glycol,
triethylene glycol, polyethylene glycol 200, polyethylene glycol 400, 1,3-
butanediol, 1,4-butanediol, 1,6-hexanediol, glycerol, diurethane, ethoxylated
bisphenol A, ethoxylated bisphenol A, for example with 10 ethylene oxide units;
trimethylolpropane, an ethoxylated C4s-C1s fatty alcohol, optionally, for example,
with 25 ethylene oxide units, 2-trimethylammonium ethyl.

The methacrylate ester derivatives can be prepared in step a3 from methyl
methacrylate by methods known to the skilled person, for example by
transesterification. Alternatively, these derivatives may be prepared in step o3
by esterification of methacrylic acid according to the invention with the
respective alcohol. In a further possible preparation of the hydroxyester

derivatives, methacrylic acid according to the invention is reacted in a ring-
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opening reaction with a corresponding oxygen-comprising ring, for example an
epoxide, in particular ethylene oxide or propylene oxide.

The invention also relates to a methacrylate ester with formula
[CH,=C(CH3)C(=0)Q],-R, wherein n and R are as defined above. Preferred
methacrylate esters are alkyl methacrylates, in particular butyl methacrylates, in
particular n-butyl methacrylate, isobutyl methacrylate, hydroxyester
methacrylate derivatives, for example hydroxyethyl methacrylate, preferably 2-
hydroxyethyl methacrylate, and hydroxypropyl methacrylate, preferably 2-
hydroxypropyl methacrylate or 3-hydroxypropyl methacrylate, and special
methacrylate esters ethyl methacrylate, 2-ethylhexyl methacrylate, isodecyl
methacrylate, cyclohexyl methacrylate, isobornyl methacrylate, benzyl
methacrylate, 3,3,5-trimethyl cyclohexyl methacrylate, stearyl methacrylate,
dimethylaminoethyl methacrylate, dimethylaminopropyl methacrylate, 2-tert-
butyl aminoethyl methacrylate, ethyl triglycol methacrylate, tetrahydrofurfuryl
methacrylate, butyl diglycol methacrylate, methoxypolyethylene glycol-350
methacrylate, methoxypolyethylene glycol 500 methacrylate,
methoxypolyethylene glycol 750 methacrylate, methoxypolyethylene glycol
1000 methacrylate, methoxypolyethylene glycol 2000 methacrylate,
methoxypolyethylene glycol - 5000 methacrylate, allyl methacrylate, a
methacrylic ester of an ethoxylated (optionally, for example, with 25 mol EO)
C1s-Cqg fatty alcohol, 2-trimethylammonium ethyl methacrylate chloride;
ethylene glycol dimethacrylate, diethylene glycol dimethacrylate, triethylene
glycol dimethacrylate, polyethylene glycol 200 dimethacrylate, polyethylene
glycol 400 dimethacrylate, 1,3-butanediol dimethacrylate, 1,4-butanediol
dimethacrylate, 1,6-hexanediol dimethacrylate, glycerol dimethacrylate,
diurethane dimethacrylate, ethoxylated bisphenol A dimethacrylate, ethoxylated
(optionally, for example, with 10 EO) bisphenol A dimethacrylate;
trimethylolpropane trimethacrylate,.



To the first oxidation phase resulting fromthis first oxidation were then
added 02, H20 and diluent gases in nolar anounts according to Tabl e 4,
based on the nunmber of nobles IBEN in the feed conposition subjected to the
first oxidation reactor. This feed was then subjected to a second oxidation
reactor. In this second reactor, nmethacrolein was oxidised to nethacrylic
acid according to the process and under the conditions of Exanple 1 of EP 1
325 780 Al. Table 4 Ml MI/0 nethagolein 0.8

The invention further relates to a process for producing a polymer comprising at
least one monomer unit selected from methacrylic acid, methyl methacrylate
and a methacrylic ester with formula [CH.=C(CH3)C(=0)O]+-R, wherein n and R
are as defined above, comprising the steps:
A1. preparation of at least one of methacrylic acid, methyl methacrylate and
at least one methacrylate ester according to a process according to the
invention,
A2. polymerisation of
A2a. at least one of the methacrylic acid, the methyl methacrylate and
the at least one methacrylate ester obtained in step A1, and

A2b. optionally at least one co-monomer which is co-polymerisable with
at least one of methacrylic acid, methyl methacrylate and at least
one methacrylate ester.

The polymerisation is not particularly limited and can be carried out by any
method known to the skilled person and appearing suitable, for example as
described in US 5,292,797, US 4,562,234, US 5,773,505, US 5,612,417,
US 4,952455, US 4,948,668, US 4,239,671. Preferred polymerisation methods
are radical polymerisation, initiated by initiators which decompose into radicals
under the polymerisation conditions, whereby the polymerisation is preferably a
solution or an emulsion polymerisation, preferably an aqueous solution
polymerisation.

Examples of co-monomers which can be co-polymerised with methyl
methacrylate are acrylamides and methacrylamides, acrylic acid esters and
other methacrylic acid esters, such as methyl acrylate, ethyl acrylate, propyl
acrylate or butyl acrylate, ethyl methacrylate, propyl methacrylate or butyl
methacrylate, as well as acetates such as vinyl acetate, styrene, butadiene and
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acrylonitrile. The at least one co-monomer is most preferably at least one co-
monomer selected from the group consisting of: styrene, butadiene,
acrylonitrile, butyl acrylate, vinyl acetate, methyl acrylate.

The polymerisation can also take place in the presence of one or more
crosslinkers. Preferred cross-linkers according to the invention are compounds
which have at least two ethylenically unsaturated groups in one molecule,
compounds which have at least two functional groups which can react with
functional groups of the monomers in a condensation reaction, in an addition
reaction or a ring-opening reaction, compounds which have at least one
ethylenically unsaturated group and at least one functional group which can
react with functional groups of the monomers in a condensation reaction, an
additioh reaction or a ring-opening reaction, or polyvalent metal cations.

The invention also relates to a polymer obtainable according to a process
according to the invention or comprising at least one monomer unit selected
from a methacrylic acid monomer according to the invention or obtainable by a
process according to the invention, a methyl methacrylate monomer according
to the invention or obtainable by a process according to the invention and a
methacrylate ester according to the invention or obtainable by a process
according to the invention, as well as optionally other components such as a co-

monomer and optionally a crosslinker.

The invention also relates to a process for producing a composition comprising
at least a first component selected from at least one of methacrylic acid
according to the invention, methyl methacrylate according to the invention, a
methacrylate ester according to the invention, and a polymer comprising at least
one monomer unit selected from methacrylic acid, methyl methacrylate and a
methacrylate ester, comprising the steps:



N2/CO2 3 15 A yield of 60% nethacrylic acid was obtai ned, based on the
nunber of noles of BEN introduced into the first oxidation reactor. V)
Preparation of nethyl nethacrylate (process step i n One nole of the

met hacrylic acid obtained in Exanple 1V) was converted to nethyl

met hacryl ate by reaction with 1.2 noles nethanol, in a |liquid phase
reaction in a fixed bed reactor packed wth an acidic ion exchange resin as
described in EP 1 254 887 Al, with th difference that Anberlyst(r) (Rohm &
Haas Corp.) is used as acidic ion exchange resin. The nethanol used was the
met hanol separated according to Exanple Il above, supplenented by sol vent
grade nethanol to nmake up the desired anount. The conversion of nethacrylic
acid to nethyl nethacrylate was 45% based on nethacrylic acid. VI)

nccor i ng Byt ROy et Bt e iRt SHRLRATHR TG e B raRRA
transesterifi caccondingf tohthemranventionetrhetbyly Ineeteaeiiete megoidingexdtaniee vV above.
invention, a methacrylate ester according to the invention, and a polymer
according to the invention comprising at least one monomer unit selected
from methacrylic acid, methyl methacrylate and a methacrylate ester,

B2. combining the at least one first component provided in B1 with at least
one further component.

The at least one further component is preferably at least one component
selected from natural or synthetic organic or inorganic polymers, for example
selected from a substituted or unsubstituted polystyrene, poly-n-butyl acrylate, a
polyacrylonitrile, a polysaccharide, a silica, and a nanomaterial.

The invention also relates to a composition comprising at least one first
component selected from methacrylic acid according to the invention, methyl
methacrylate according to the invention, a methacrylate ester according to the
invention, and a polymer according to the invention comprising at least one
monomer unit selected from methacrylic acid, methyl methacrylate and a
methacrylate ester and at least one further component, or obtainable according
to a process according to the invention.

In the composition according to the invention, the at least one further
component is preferably at least one component as described above in
connection with the process for producing a composition.

The invention also relates to chemical products such as a shaped article, a
moulding material, a film, a sheet, a granulate, a composite, a foam, a fibre, a
lubricant, an adhesive, a thickening agent, a suspending agent, a flocculant, a
resin, a plastic, a coating, a contact lens, a construction material, an absorbent
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material, a pharmaceutical, a material for controlled release of active
substances, a foam, a fibre, a lubricant, a powder or a particle comprising at
least one of methacrylic acid according to the invention, methyl methacrylate
according to the invention, methacrylate ester according to the invention, a
polymer or co-polymer according to the invention which comprises methacrylic
acid, methyl methacrylate, and/or a methacrylate ester, and a composition
according to the invention.

The invention also relates to a use of at least one of methacrylic acid according
to the invention, methyl methacrylate according to the invention, methacrylate
ester according to the invention, a polymer or co-polymer according to the
invention which comprises methacrylic acid, methyl methacrylate, and/or a
methacrylate ester, and a composition according to the invention, in chemical
products such as shaped articles, moulding materials, films, sheets, granulates,
composites, adhesives, thickening agents, suspending agents, flocculants,
resins, plastics, coatings, contact lenses, construction materials, absorbent
materials, pharmaceuticals, materials for controlled release of active
substances, foams, fibres, lubricants, powders, particles.

The invention is now illustrated with non-limiting figure and examples.
DESCRIPTION OF THE FIGURES

Fig. 1 shows schematically a preferred embodiment of the apparatus 1
according to the invention.

A C4fraction from a cracker (not shown) is treated in treatment unit 12 to obtain
a desired composition and is supplied via supply 2 to first catalytic reaction zone
4. Methanol is supplied via supply 3 to first catalytic reaction zone 4. In catalytic
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reaction zone 4, methanol and isobutylene are reacted to form MTBE. The
effluent of first catalytic reaction zone 4 is conducted to first separating unit 5,
where MTBE and methanol phases are separated. The methanol phase is
conducted to methanol supply 11. The MTBE phase is conducted to mixing unit
6 and optionally mixed with MTBE from another source which is conducted to
mixing unit 6 by means of supply 16. The MTBE phase exiting mixing unit 6 is
conducted to second catalytic reaction zone 7, where it is split to form
principally isobutylene and methanol. The effluent of second catalytic reaction
zone 7 is conducted to second separation unit 8, where a first isobutylene
phase and a methanol phase are separated. The methanol phase is conducted
to methanol supply 17 and the first isobutylene phase is conducted to
purification unit 18, where impurities, as well as a further methanol phase, can
be separated. The further methanol phase is conducted to methanol supply 17.
The purified first isobutylene phase is then conducted to the third catalytic
reaction zone 9, comprising oxidation areas 14a and 14b, together with
intermediate optional quench unit 22. Each oxidation area 14a, 14b, which may
be comprised in one or more oxidation units 33 (not shown for the sake of
clarity), is supplied with air, steam and diluent by means of air supply 19, steam
supply 20 and diluent supply 21 respectively. Diluent supply 21 is optionally
supplied with diluent from a recycle flow 15 from quench unit 23 and/or
purification unit 25, optionally via a combustion unit 34 (recycle flow 15 and
combustion unit 34 are not shown for the sake of clarity). In first oxidation area
14a, methacrolein is formed as main product from oxidation of isobutylene and
in second oxidation area 14b, methacrylic acid is formed as main product of
oxidation of methacrolein. The methacrylic acid-rich effluent exiting the third
catalytic reaction zone 9 is conducted to quench unit 23, where methacrylic acid
is transferred into aqueous form. The methacrylic acid phase is then conducted
to third purification unit 25 for purification of methacrylic acid. In one or both of
quench unit 23 and purification unit 25, methacrolein can be separated.
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Separated methacrolein is conducted back by means of methacrolein recycle
conduit 24 to the second oxidation area 14b for further oxidation reaction. The
methacrylic acid phase exiting third purification unit 25 can be collected or can
be conducted to fourth catalytic reaction zone 10. The methanol phase
separated in first separating unit 5, optionally purified in purification unit 31, is
also supplied to fourth catalytic reaction zone 10 by means of methanol supply
11. The methacrylic acid and the methanol react in fourth catalytic reaction zone
10 to form a methyl methacrylate phase comprising methyl methacrylate as
main product. The methyl methacrylate phase can be purified in purification unit
30. Unreacted methanol and methacrylic acid can also be separated in
purification unit 30. Methanol can be recycled to first catalytic reaction zone 4,
to fourth catalytic reaction zone 10, or to third catalytic reaction zone 9,
optionally with an intermediate purification. Methacrylic acid can be recycled to
fourth catalytic reaction zone 10, optionally with an intermediate purification, for
example in third purification unit 25. Alternatively, methanol and/or methacrylic
acid in the effluent of fourth catalytic reaction zone 10 can be conducted away.

The third catalytic reaction zone illustrated in figure 1 as a two-stage oxidation
zone can also be considered as a one-stage oxidation zone. In this
embodiment, the purified isobutylene phase is conducted to third catalytic
reaction zone 9, comprising an oxidation area 14. In oxidation area 14,

methacrolein is formed and converted continuously to methacrylic acid.
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EXAMPLES

1) Preparation of MTBE (process steps a), b) and c))

The procedure of US 6,657,090 B2 was followed, starting from feedstocks
according to tables 1 to 3 of that patent. The yield of MTBE given is calculated
based on the amount of MTBE in the product stream, before any purification
step or steps.

Table 1

Feed Moles Molar ratio | Yield (based on
(based on | IBEN)
IBEN)

Cs* 100 - -

- of which | 47 1 -

IBEN

MeOH 49.6 1.3 -

Product

MTBE 45.64 - 98.3%

*Cy4= IBEN, n-butene, butanes, as well as about 1% Cs and smaller

hydrocarbons.

The purity of the MTBE is approximately 84% due to azeotrope formation with
14.5% methanol.



Clains 1. A process for production of nethacrylic acid conprising the
process steps a) providing a feed conposition conprising at |east one C4
feed conmpound sel ected fromisobutylene and tertiary butanol; b) providing
met hanol ; c¢) subjecting the at | east one C4 feed conpound and the net hanol
to a first catalytic reaction zone to obtain a reaction phase conpri sing
nmethyl tertiary butyl ether d) separating at |least a first part of nethanol
fromthe reaction phase to obtain a f4¥st nmethanol phase and a reaction
phase depleted in nethanol; e) subjecting at |east one of the reaction
phase and the reaction phase depleted in nethanol to a second catal ytic
reaction zone to obtain a splitting phase conprising isobutyl ene and

nmet hanol ; f) optionally separating at least a first part of isobutylene
fromthe sp|ittd ihn i [ hase and a
splitting gLasegéS%ﬁ@?e%g l\éé%h@ﬁ)ﬁrgt l}ﬁ?ﬁe@%ﬁ @%?F%yngl@f)?»:ubj ecting at | east
one of the splitting phase and the first isobutylene phase to a first

purification, 2008r0pe was separated into methanol and MTBE by processes known to
the skilled person from J.G. Stichimair, J.R. Fair, “Distillation: Principles and
Practice”, Wiley-VCH, 2001, p. 238.

Table 2

Feed Moles Molar ratio | Yield (based on
(based on | IBEN)
IBEN)

Cq" 100 - -

- of which | 92 1 -

IBEN

MeOH 120.1 1.3 -

Product

MTBE 91.01 - 98.5%

*Cy= IBEN, n-butene, butanes, as well as about 1% Cs and smaller

hydrocarbons.

1D Splitting of MTBE (process steps e), f), q))

The procedure of Example 1 of DE 102 38 370 A1 was followed, starting from a
composition obtained in Example |l above, consisting of 91.01 % MTBE, < 2%
methanol, < 0.1% TBA and < 0.1% H2O. A splitting phase was obtained with
composition 97.5 wt.% IBEN, 3.05 wt.% MeOH, 0.05 wt.% DME, 0.04 wt.%
H20.



h) subjecting at | east one of the optionally purified splitting phase and
the optionally purified first isobutylene phase to a third catalytic
reaction zone to obtain an oxidation phase conprising at | east one C4

oxi dation product selected from nethacrolein and nethacrylic acid,
optionally subjecting the oxidation phase to a second purification zone.

51 2. A process for production of nethyl nethacrylate conprising the process
steps a) providing a feed conpositiond&conprising at | east one C4 feed
conmpound sel ected fromisobutylene and tertiary butanol; b) providing

met hanol ; c¢) subjecting the at | east one C4 feed conpound and the nethanol
to a first catalytic reaction zone to obtain a reaction phase conprising
met hyl tertiary butyl ether d) separating at least a first part of nethanol

,fo romt ggplf g@ggi@ﬁb-@ﬁﬂé?ﬁ%@?gi&%ﬁ&&b&y%é & mBRlRANe hetBRRe8NE e Hpact i on

The composition obtained in Example Ill was oxidised to methacrolein
according to the process and under the conditions of Example 15 of EP O
807 465 A1. The following feed composition has been used (Table 3):

Table 3

Mol Mol%
IBEN 1 6
02 2 13
N2 8 51
H20 1.8 11
N2/CO; 3 19

To the first oxidation phase resulting from this first oxidation were then added
0,, H,0 and diluent gases in molar amounts according to Table 4, based on the
number of moles IBEN in the feed composition subjected to the first oxidation

reactor.

This feed was then subjected to a second oxidation reactor. In this second
reactor, methacrolein was oxidised to methacrylic acid according to the process
and under the conditions of Example 1 of EP 1 325 780 A1.



e) subjecting at | east one of the reaction phase and the reaction phase
depleted in nethanol to a second catalytic reaction zone to obtain a
splitting phase conprising isobutylene and nethanol; f) optionally
separating at least a first part of isobutylene fromthe splitting phase to
obtain a first isobutylene phase and a splitting phase depleted in

i sobutyl ene; g) optionally subjecting at |east one of the splitting phase
and the first isobutylene phase to a #irst purification zone; h) subjecting
at |l east one of the optionally purified splitting phase and the optionally
purified first isobutylene phase to a third catalytic reaction zone to
obtai n an oxi dation phase conprising at | east one C4 oxidation product

sel ected from nethacrol ein and nmethacrylic acid; i) optionally subjecting

t he oxi datigpeRhase to a second purification zone; 52 .1)subjecting the

optionally purified oxidation phase to a fourth catalytic reaction zone to
obtain an|esterificdti onMghase ¢conpMafong net hyl net hacryl at e;

methacrolein 0.8 4

0Oz 1 5

N> 12 59

H.0 3.5 17

N2/CO, 3 15

A yield of 60% methacrylic acid was obtained, based on the number of moles of
IBEN introduced into the first oxidation reactor.

V) Preparation of methyl methacrylate (process step i))

One mole of the methacrylic acid obtained in Example IV) was converted to
methyl methacrylate by reaction with 1.2 moles methanol, in a liquid phase
reaction in a fixed bed reactor packed with an acidic ion exchange resin as
described in EP 1254 887 A1, with the difference that Amberlyst® (Rohm &
Haas Corp.) is used as acidic ion exchange resin. The methanol used was the
methanol separated according to Example Il above, supplemented by solvent
grade methanol to make up the desired amount. The conversion of methacrylic
acid to methyl methacrylate was 45%, based on methacrylic acid.

V1) Preparation of n-Butyl Methacrylate

n-Butyl methacrylate was prepared according to the process of Example 2 of
DE 103 01 007 A1 by transesterification of the methyl methacrylate obtained in
Example V above.



k) optional ly subjecting the esterification phase to a third purification
zone. 3. The process according to claiml1l or claim2, wherein in step b)
the nethanol is provided in a nolar ratio of nmethanol to C4 feed conpound
of 10 to 1, preferably 9 to 1, nore preferably 8 to 1, nore preferably 7 to
1, yet nore preferably 6 to 1, nore preferably 5 to 1, even nore preferably
4 to 1l, nore preferably 3 to 1, nore preferably 2 to 1, nore preferably 1.5
to 1, even nore preferably 1.3 to 1, 4%t nore preferably 1.3 to 1, nore
preferably 1.05 to 1, even nore preferably 1.03 to 1, based on the nunber
of noles of C4 feed conmpound. 4. The process according to claim2 or 3,
wherein at least a part of the first nethanol phase is provided to the
fourth catalytic reaction zone. 5. The process according to any one of the
preceding clains, wherein in step f) a second net hanol phase is separated.
6. The process according to claim5, wherein at |east a part of the second
met hanol pREEERENSE prBiRfed to at | east one of the first catalytic reaction
zone and the fourth catalytic reaction zone. 7. The process according to
any one of the preceding clainms, wherein in step h) at |least a part of the
first isobltyl eppapdiase i s subjected to oxidation. 53 8. The process

according to claim7 rein t xi dation takes place in at |east two
separate o idatﬁUBRmysf?%@gge.eg c%mp%ﬁnc?

3 supply for methanol

4 first catalytic reaction zone

5 first separation unit

6 mixing unit

7 second catalytic reaction zone
8 second separation unit

9 third catalytic reaction zone
10  fourth catalytic reaction zone
11 methanol supply

12 treatment unit

13  methanol outlet

14  oxidation area

14a first oxidation area

14b second oxidation area

15  diluent recycle flow

16 MTBE supply

17  methanol supply

18  second purification unit

19 air supply

20  water supply

21 diluent supply

22 intermediate quench unit

23  quench unit

24  methacrolein recycle conduit



9. The process according to claim8, wherein the main product of a first

oxi dation stage is nethacrolein and the main product of a further oxidation
stage is nmethacrylic acid. 10. The process according to any one of the
precedi ng clains, wherein at |east step h) occurs at |east partially in the
gas phase. 11. An apparatus (1) for production of nethacrylic acid,
conprising i) at |east one supply (2) for at |east one 04 feed conpound and
at |l east one supply (3) for methanol,h4%ach supply being in fluid

conmuni cation with a first catalytic reaction zone (4) for at |east parti al
conversion of the feed conposition into MIBE;, in fluid comunication with
at least one first separation unit (5) for separation of nmethanol fromthe
effluent of the first catalytic reaction zone (4); in fluid conmunication
with iva mxin i pid luid communication with v) a second catal ytic
feaction zohe %%%*%%P%i"ﬂf'%ﬂ%‘?" partial splitting of MIBE; in fluid
communi cat 2&n vnethaerylic atid bgteit one second separation unit (8) for
separ at i on,pf i Y ne phase fromthe effluent of the second
catal ytic %gac?p%hgéngéﬁgyéx%% fluid conmunication with vii) a third

catal yti c 2&actmethanamecyc® for at |east partial oxidation of the first

oxi dat | on 27 oddteear 88 EY BHfe hacr of ef h and net hacr yi i ¢ aci d.
30  third purification unit
31 methanol purification unit
32  methanol purification unit
33  oxidation unit

34 combustion unit



54 12. An apparatus (1) for production of nethyl nethacrylate, conprising i)
at |l east one supply (2) for at |east one C4 feed conpound and at | east one
supply (3) for nmethanol, each supply being in fluid conmunication with ii)
a first catalytic reaction zone (4) for at |east partial conversion of the
feed conposition into MIBE; in fluid communication wwth iii) at |east one
first separation unit (5) for separation of nethanol fromthe effluent of
the first catalytic reaction zone (4)30n fluid communication with iv) a
mxing unit (6); in fluid conmunication with v) a second catalytic reaction
zone (7) for at least partial splitting of MIBE, in fluid conmunication
with at | east one second separation unit (8) for separation of a first

i sobutyl ene phase fromthe effluent of the second catal ytic reaction zone
(7); in fluid conmmunication with vii) a third catalytic reaction zone (9)
for at |east partial oxidation of the first isobutylene phase to an

oxi dati on phase conprising at |east CG4#BSC4 oxi dati on product sel ected from
met hacrol ein and nmethacrylic acid; in fluid conmunication with

1. A process for production of methacrylic acid comprising the process
steps

a) providing a feed composition comprising at least one C4 feed
compound selected from isobutylene and tertiary butanol,

b) providing methanol;

C) subjecting the at least one C4 feed compound and the methanol to
a first catalytic reaction zone to obtain a reaction phase comprising
methyl tertiary butyl ether

d) separating at least a first part of methanol from the reaction phase
to obtain a first methanol phase and a reaction phase depleted in
methanol;

e) subjecting at least one of the reaction phase and the reaction
phase depleted in methanol to a second catalytic reaction zone to
obtain a splitting phase comprising isobutylene and methanol,

f) optionally separating at least a first part of isobutylene from the
splitting phase to obtain a first isobutylene phase and a splitting
phase depleted in isobutylene;

g) optionally subjecting at least one of the splitting phase and the first
isobutylene phase to a first purification zone;

h) subjecting at least one of the optionally purified splitting phase and
the optionally purified first isobutylene phase to a third catalytic
reaction zone to obtain an oxidation phase comprising at least one
C4 oxidation product selected from methacrolein and methacrylic
acid;

i) optionally subjecting the oxidation phase to a second purification

zZone.



viii) a fourth catalytic reaction zone (10) for esterification of at
one conponent of the oxidation phase;

supply (11) for

first separation unit (5).

| east

in fluid communication with ix) a
met hanol, in fluid communication with the at |east one
13. The apparatus (1) according to claim1l or

claim12, wherein the at |east one supply (2) for the at |least one C4 feed
conpound is in fluid comunication with a cracker (12). 55 14.The

apparatus (1) according to any one ofSklains 11 to 13, wherein the at
one second separation unit (8) conprises an outlet (13) for a second
15. The apparatus (1) according to any one of clainms 11 to

met hanol phase.

| east

14, wherein the third catalytic reaction zone (9) conprises at |east a
first oxidation area (14a) and a further oxidation area (14b).
2. A process for production of methyl methacrylate comprising the process
steps
a) providing a feed composition comprising at least one Cs; feed

b)
c)

d)

f)

9)

h)

compound selected from isobutylene and tertiary butanol;
providing methanol,

subjecting the at least one C4 feed compound and the methanol to
a first catalytic reaction zone to obtain a reaction phase comprising
methyl tertiary butyl ether

separating at least a first part of methanol from the reaction phase
to obtain a first methanol phase and a reaction phase depleted in
methanol,

subjecting at least one of the reaction phase and the reaction
phase depleted in methanol to a second catalytic reaction zone to
obtain a splitting phase comprising isobutylene and methanol;
optionally separating at least a first part of isobutylene from the
splitting phase to obtain a first isobutylene phase and a splitting
phase depleted in isobutylene;

optionally subjecting at least one of the splitting phase and the first
isobutylene phase to a first purification zone;

subjecting at least one of the optionally purified splitting phase and
the optionally purified first isobutylene phase to a third catalytic
reaction zone to obtain an oxidation phase comprising at least one
C4 oxidation product selected from methacrolein and methacrylic
acid;

optionally subjecting the oxidation phase to a second purification

zone;



16. The apparatus (1) according to claim 15, wherein the first oxidation
area (14a) conprises a first oxidation catalyst and the further oxidation
area (14b) conprises a further oxidation catalyst. 17. The apparatus (1)
according to any one of clainms 11 to 16, wherein the third catal ytic
reaction zone (9) conprises at |east one oxidation unit (33). 18.The
apparatus (1) according to any one of clains 11 to 17, wherein the at | east
one oxidation area (14) conprises at $xast one catalyst |ayer of at |east
one oxidation catalyst. 19. The process according to any one of clains 1
and 3 to 10, wherein said process is perfornmed in an apparatus (1)
according to any one of clains 11 to 18. 20. Methacrylic acid obtainabl e by
a process according to any one of clains 1 and 3 to 10 or 19.

i) subjecting the optionally purified oxidation phase to a fourth
catalytic reaction zone to obtain an esterification phase comprising
methyl methacrylate;

k) optionally subjecting the esterification phase to a third purification
zone.

3. The process according to claim 1 or claim 2, wherein in step b) the
methanol is provided in a molar ratio of methanol to C4 feed compound of
10 to 1, preferably 9 to 1, more preferably 8 to 1, more preferably 7 to 1,
yet more preferably 6 to 1, more preferably 5 to 1, even more preferably
4 to 1, more preferably 3 to 1, more preferably 2 to 1, more preferably 1.5
to 1, even more preferably 1.3 to 1, yet more preferably 1.3 to 1, more
preferably 1.05 to 1, even more preferably 1.03 to 1, based on the

number of moles of C4 feed compound.

4. The process according to claim 2 or 3, wherein at least a part of the first
methanol phase is provided to the fourth catalytic reaction zone.

5. The process according to any one of the preceding claims, wherein in
step ) a second methanol phase is separated.

6. The process according to claim 5, wherein at least a part of the second
methanol phase is provided to at least one of the first catalytic reaction
zone and the fourth catalytic reaction zone.

7. The process according to any one of the preceding claims, wherein in
step h) at least a part of the first isobutylene phase is subjected to
oxidation.



21. The process according to any one of clains 2 to 10, wherein said
process is perfornmed in an apparatus (1) according to any one of clains 11
to 18. 56 22. Methyl nethacryl ate obtai nable by a process according to any
one of clainms 2 to 10 or 21. 23. A process for preparation of a

met hacryl ate ester with formula [ CH2=C(CH3) C(. 0) Ob-R, conpri sing process
steps al preparation of nethacrylic acid according to a process according to
any one of claims 1 to 10 or 19; or a2preparation of nmethyl nethacrylate
according to a process according to any one of clains 2 to 10 or 21; and

8. The process according to claim 7, wherein the oxidation takes place in at
least two separate oxidation stages.

9. The process according to claim 8, wherein the main product of a first
oxidation stage is methacrolein and the main product of a further
oxidation stage is methacrylic acid.

10. The process according to any one of the preceding claims, wherein at

least step h) occurs at least partially in the gas phase.

11.  An apparatus (1) for production of methacrylic acid, comprising

i) at least one supply (2) for at least one C4 feed compound and at
least one supply (3) for methanol, each supply being in fluid
communication with

i) a first catalytic reaction zone (4) for at least partial conversion of
the feed composition into MTBE; in fluid communication with

iii) at least one first separation unit (5) for separation of methanol
from the effluent of the first catalytic reaction zone (4); in fluid
communication with

iv)  amixing unit (8); in fluid communication with

V) ~ a second catalytic reaction zone (7) for at least partial splitting of
MTBE; in fluid communication with

vi) at least one second separation unit (8) for separation of a first
isobutylene phase from the effluent of the second catalytic
reaction zone (7); in fluid communication with

vii)  a third catalytic reaction zone (9) for at least partial oxidation of the
first isobutylene phase to an oxidation phase comprising at least
one C,; oxidation product selected from methacrolein and
methacrylic acid.



a3reaction of the nethacrylic acid obtained in step al or of the nethyl

met hacryl ate obtained in step a2 with an al cohol of formula R(OH)m wherein
n and mrepresent an integer from1 to 10, preferably 1 to 6, nore
preferably 1 to 5, nore preferably 1 to 4, nore preferably 1 to 3, and Ris
selected fromthe group consisting of linear or branched, saturated or
unsaturated, aliphatic or aromatic, ring or straight chain hydrocarbons and
| i near or branched, saturated or unsasarated, aliphatic or aromatic, ring
or straight chain heteroatom conprising hydrocarbons. 24. A nethacrylate
ester with fornula [CH2=C(CH3) C(=0) 01, -R, wherein n represents an integer
froml to 10, preferably 1 to 6, nore preferably 1 to 5, nore preferably
Ito 4, nore preferably 1 to 3, and Ris selected fromthe group consisting
of linear or branched, saturated or unsaturated, aliphatic or aromatic,
ring or straight chain hydrocarbons and |inear or branched, saturated or
unsat ur at etl. alArpaEparatus1)doopmatiuctionraf metoyl eathadrylate, ebaiprising

het er oat om conmp ' S| ggl_eggl;géﬁ)ecgﬂ&pqy?m 1af aPF&%Q{ S'r?é)bf féaéif:t%rqb&%ot SndaProcess

according to claim
least one supply (3) for methanol, each supply being in fluid

communication with

i) a first catalytic reaction zone (4) for at least partial conversion of
the feed composition into MTBE; in fluid communication with

iif) at least one first separation unit (5) for separation of methanol
from the effluent of the first catalytic reaction zone (4);in fluid
communication with

iv) a mixing unit (6); in fluid communication with

V) a second catalytic reaction zone (7) for at least partial splitting of
MTBE; in fluid communication with

vi)  at least one second separation unit (8) for separation of a first
isobutylene phase from the effluent of the second catalytic
reaction zone (7); in fluid communication with

vii)  a third catalytic reaction zone (9) for at least partial oxidation of the
first isobutylene phase to an oxidation phase comprising at least
one C,4 oxidation product selected from methacrolein and
methacrylic acid; in fluid communication with

viii)  a fourth catalytic reaction zone (10) for esterification of at least one
component of the oxidation phase; in fluid communication with

iX) a supply (11) for methanol, in fluid communication with the at least
one first separation unit (5).

13.  The apparatus (1) according to claim 11 or claim 12, wherein the at least
one supply (2) for the at least one C4 feed compound is in fluid
communication with a cracker (12).



25. A process for producing a polyner conprising at | east one nonomer unit
selected fromnethacrylic acid, nethyl nethacrylate or a nethacrylic ester
with formula [ CH2=C(CH3) C(=0)0]"-R, wherein n represents an integer from1l
to 10, preferably 1 to 6, nore preferably 1 to 5, nore preferably 1 to 4,
nore preferably 1 to 3, and Ris selected fromthe group consisting of

| i near or branched, saturated or unsaturated, aliphatic or aromatic, ring
or straight chain hydrocarbons and |issear or branched, saturated or
unsaturated, aliphatic or aromatic, ring or straight chain

het er o- at om conpri si ng hydrocarbons, conprising the steps: Al . preparation
of at |l east one of nmethacrylic acid according to a process according to any
one of clainms 1 to 10 or 19, methyl nethacrylate according to a process

according §p a%eoéb‘;aﬂ{rt%%L@?’Eg%@onfggo]aﬂy%ﬁe%jfclaﬁﬁ@%ﬁo H@Wer@uﬂ%é@i hacryl ate

ester according clarm?2 P ymerisation of
A2a. at |east d&&stocﬁnet lseconst hgparmmamrty«l%t@maesr@ autlieledkY) fonea

net hacryl ate e t sStep A, and A2b. optionally at |east one
co- nononer whi cssf?g{;%&@ggﬂoa{ﬁ% nerisabl e wi t h at | east one of nethacrylic acid,
met hyl net hacryl ate and nethacrylate ester. 26. The pr ocess according to

cl aim 25, &1 the ast 0-non t nomer
selected f m %qp&%u&gﬁ)s?%cgﬂgg g‘? angpﬁ%&g’aﬁgﬁ ?:‘%év‘ﬂ]gger@mér?t rile,
butyl acryl at e,thivd Byfalyéic ebadtion zoeeh@) campyised et least a first oxidation area

(14a) and a further oxidation area (14b).

16. The apparatus (1) according to claim 15, wherein the first oxidation area
(14a) comprises a first oxidation catalyst and the further oxidation area
(14b) comprises a further oxidation catalyst.

17.  The apparatus (1) according to any one of claims 11 to 16, wherein the
third catalytic reaction zone (9) comprises at least one oxidation unit (33).

18. The apparatus (1) according to any one of claims 11 to 17, wherein the at
least one oxidation area (14) comprises at least one catalyst layer of at
least one oxidation catalyst.

19. The process according to any one of claims 1 and 3 to 10, wherein said
process is performed in an apparatus (1) according to any one of claims
11 to 18.

20. Methacrylic acid obtainable by a process according to any one of claims
1and 3to 10 or 19.

21. The process according to any one of claims 2 to 10, wherein said
process is performed in an apparatus (1) according to any one of claims
1110 18.



58 27. A polyner obtainable according to a process as clained in claim25
or 26 or conprising at |east one nononer unit selected fromnnethacrylic
acid according to claim 20, nmethyl methacrylate according to claim?22 and a
nmet hacryl ate ester according to claim?24. 28. A process for producing a
conposition conprising at least a first conponent selected from methacrylic
acid, nethyl nethacrylate, at |east one nethacrylate ester, and a pol yner
conprising at |east one nononer unit &elected from nmethacrylic acid, nethyl
met hacryl ate and a nethacryl ate ester, conprising the steps: Bl. providing
at | east one first conponent selected fromnethacrylic acid according to
claim 20, nethyl nethacrylate according to claim?22, a nethacrylate ester
according to claim?24 and a pol yner according to claim 27, 82. conbining
the at | east one first conmponent provided in Bl with at | east one further
conponent. 29. The process according to claim 28, wherein the at |east one
furt her co2pondviethylsmathacedate air@nalepaynamrosssiseataonding denanysenssof t ut ed or

unsubstituted p Aa rene ol y-n-butyl acrylate, a polyacrylonitrile, a
pol ysacchari de,C? '%éitzlytf’gg) %{.%‘a nanomaterial. 30. A conposition conprising
at | east one first conponent selected fromnethacrylic acid according to

cl aim 20, thyl nethacrylate accordipg to ¢l ai 2, ha e ester
accordi ng E"g cl iﬂﬁoﬁﬁssan%r aprﬁBFV‘ﬁ’@P gﬂc%r meﬁ'bac gétél grs%rgg}\tgngér}é{ﬁ% east one
further conpongQH,=OfCHY)CED)el.-Rccamptishty processpstopess according to claim 28
or claim29. 59 31. The conposition according.to claim30, wherein the at

| east one furt HEr cBFﬁP@ﬁ%Iﬂnn&smﬁ aPré(E\%@C'G'n@cegmﬂ)itfbﬁtprg‘%?séc?%ar Pdm a

substituted or unsuRshhf ghedr RMESE 4 /G- 1Pt y-n-butyl acrylate, a
pol yacrylonitrile, a pdlysaccharide, a silica and a nanomateri al .
o2  preparation of methyl methacrylate according to a process

according to any one of claims 2 to 10 or 21; and
o3  reaction of the methacrylic acid obtained in step a1 or of the
methyl methacrylate obtained in step a2 with an alcohol of formula
R(OH)nm,
wherein n and m represent an integer from 1 to 10, preferably 1 to 6,
more preferably 1 to 5, more preferably 1 to 4, more preferably 1 to 3,
and
R is selected from the group consisting of linear or branched, saturated
or unsaturated, aliphatic or aromatic, ring or straight chain hydrocarbons
and linear or branched, saturated or unsaturated, aliphatic or aromatic,

ring or straight chain heteroatom-comprising hydrocarbons.

24. A methacrylate ester with formula [CH>=C(CH3)C(=0)QO]:-R, wherein

n represents an integer from 1 to 10, preferably 1 to 6, more preferably 1
to 5, more preferably 1 to 4, more preferably 1 to 3, and

R is selected from the group consisting of linear or branched, saturated
or unsaturated, aliphatic or aromatic, ring or straight chain hydrocarbons
and linear or branched, saturated or unsaturated, aliphatic or aromatic,
ring or straight chain heteroatom-comprising hydrocarbons,

or obtainable according to a process according to claim 23.



32. A chem cal product selected froma shaped article, a nmoulding material,
a film a sheet, a granulate, a conposite, an adhesive, a thickening agent,
a suspendi ng agent, a flocculant, a resin, a plastic, a coating, a contact

| ens, a construction material, an absorbent material, a pharmaceutical, a
material for controlled rel ease of active substance, a foam a fibre, a

| ubricant, a powder or a particle conprising at |east one of nethacrylic
acid according to claim 20, nmethyl meshacrylate according to claim 22,

nmet hacryl ate ester according to claim 24, a polymer according to claim 27
or a conposition according to claim30 or claim31l. 33. Use of at |east one
of nmethacrylic acid according to claim20, nethyl nethacrylate according to
claim 22, nethacrylate ester according to claim 24, a polyner according to
claim 27 and/or a conposition according to claim30 or claim31l, in a

chem cal product selected fromshaped articles, nmoulding materials, filns,
sheets, grahul & psocesoin esiduetg apblgsier esmptising keleaaigorrgeanemesuripendi ng

ot oo bl T8PPI e AL WEnaBOE bR ¢ 1o

control |l ed rel ester vath fantile §CHHCHIE=C)ORHR, wiierbines, | ubri cants, powders,

particles. n represents an integer from 1 to 10, preferably 1 to 6, more preferably 1

to 5, more preferably 1 to 4, more preferably 1 to 3, and

R is selected from the group consisting of linear or branched, saturated

or unsaturated, aliphatic or aromatic, ring or straight chain hydrocarbons

and linear or branched, saturated or unsaturated, aliphatic or aromatic,
ring or straight chain hetero-atom-comprising hydrocarbons,
comprising the steps:
A1. preparation of at least one of methacrylic acid according to a
process according to any one of claims 1 to 10 or 19, methyl
methacrylate according to a process according to any one of
claims 2 to 10 or 21, and at least one methacrylate ester according
to a process according to claim 23,
A2. polymerisation of
A2a. atleast one of the methyl methacrylate and the at least one
methacrylate ester obtained in step A1, and

A2b. optionally at least one co-monomer which is co-
polymerisable with at least one of methacrylic acid, methyl
methacrylate and methacrylate ester.

26. The process according to claim 25, wherein the at least one co-monomer
is at least one co-monomer selected from the group consisting of:
styrene, butadiene, acrylonitrile, butyl acrylate, vinyl acetate, methyl
acrylate.



27.

28.

29.

30.

58

A polymer obtainable according to a process as claimed in claim 25 or 26
or comprising at least one monomer unit selected from methacrylic acid
according to claim 20, methyl methacrylate according to claim 22 and a
methacrylate ester according to claim 24.

A process for producing a composition comprising at least a first

component selected from methacrylic acid, methyl methacrylate, at least

one methacrylate ester, and a polymer comprising at least one monomer

unit selected from methacrylic acid, methyl methacrylate and a

methacrylate ester, comprising the steps:

B1. providing at least one first component selected from methacrylic
acid according to claim 20, methyl methacrylate according to claim
22, a methacrylate ester according to claim 24 and a polymer
according to claim 27,

B2. combining the at least one first component provided in B1 with at
least one further component.

The process according to claim 28, wherein the at least one further
component is at least one component selected from a substituted or
unsubstituted polystyrene, poly-n-butyl acrylate, a polyacrylonitrile, a

polysaccharide, a silica and a nanomaterial.

A composition comprising at least one first component selected from
methacrylic acid according to claim 20, methyl methacrylate according to
claim 22, a methacrylate ester according to claim 24 and a polymer
according to claim 27 and at least one further component, or prepared

according to a process according to claim 28 or claim 29.



31.

32.

33.

59

The composition according to claim 30, wherein the at least one further
component is at least one component selected from: a substituted or
unsubstituted polystyrene, poly-n-butyl acrylate, a polyacrylonitriie, a
polysaccharide, a silica and a nanomaterial.

A chemical product selected from a shaped article, a moulding material,
a film, a sheet, a granulate, a composite, an adhesive, a thickening
agent, a suspending agent, a flocculant, a resin, a plastic, a coating, a
contact lens, a construction material, an absorbent material, a
pharmaceutical, a material for controlled release of active substance, a
foam, a fibre, a lubricant, a powder or a particle comprising at least one
of methacrylic acid according to claim 20, methyl methacrylate according
to claim 22, methacrylate ester according to claim 24, a polymer
according to claim 27 or a composition according to claim 30 or claim 31.

Use of at least one of methacrylic acid according to claim 20, methyl
methacrylate according to claim 22, methacrylate ester according to
claim 24, a polymer according to claim 27 and/or a composition
according to claim 30 or claim 31, in a chemical product selected from
shaped articles, moulding materials, films, sheets, granulates,
composites, adhesives, thickening agents, suspending agents,
flocculants, resin, plastics, coatings, contact lenses, construction
materials, absorbent materials, pharmaceuticals, materials for controlled
release of active substance, foams, fibres, lubricants, powders, particles.



