WD 2010/ 070325PCT/ GB2009/ 051693 1 METHYL METHACRYLATE PURI FI CATI ON PROCESS
The present invention relates a to purification process, particularly

t oapr oceswbani1o/qpos2sf yi ng methyl 5 nmethacrylate (MVA). MRBTIGB2000E1493known
chem cal substance and has nany uses, but largely it is used as a nononer
in the production of pon-nethyInethacry{ate (PMWA). PWA is often forned
in 10 thin sheets which can be noulded into a variety of shapes as required
by a particul ar use. METHYLSMETHAORYINTE DURGRIGATIPUrEROGEFMMVA, that the MVA used
is of the highest purity because even low levels of inpurity 15 can lead to
a PMMVA product which has a cloudy or dull appearance or is discol oured.
Al'so, low levels of inpurity in the MVMA can |lead to a change in the
structural phepertdesiofithenPMA pedducts whi th pamilave tunde girced sef,f ect s.
It is therefore inggrtagt to be able to provi%g 20 MVA .%he nononer, for
PMVA, with BighSdedreeY of Cpur Pty £6°FFY Sand Tt 2duc& thdtdcicuf r S Yor
these probl egenMM1aRY henpnoduced in many ways. For exanple, reaction of
acet one cyanohydrin, nethanoland concentrated 25 sul phuric acid; oxidation
of tertiary butyl alcohol to nmethacrolein and then to nethacrylic acid

foll owed by,esterifjcatio i ; [ y..cat ctions
as disclosegﬁ?h%EPal,O ,gﬁ%g&{;éﬁ%ﬁgg%%i8ﬁégg%§8%a%§hoPﬁgrggﬁﬁggﬁﬁﬁﬁ t he
art provi debatstiregmlof MVA SO0uthdt acommninoneont an nshe nMpubidiices otnherfei n
whi ch can cause probl ens such as those discussed above when the MVA is

pol yneri sedPP Yfgﬁﬁgﬁﬁﬁﬁﬁi¥%ﬁﬁ¥ tﬁ@%M§%°i M &yat St @t enpt T o pdri fy
the MV st reanvbetaie QIR i al 1108, noWRi20104070325RCT/EB2009/ 951693 2 It
is known to separate inpurities having boiling points which are

si gni fi cant by diefiberent btvoat ke rMvAUBRrdiusEi-| | at i on. However, such a
separation nethod is 5 difficult to achieve where the inpurities have a
simlar boiling point to the MVA. Japanese patent 58-183641 di scl oses the
use of an acitd icatialpestt drax twieat »rgod+in@spyma cr udet nehby Mvrethacr yisat e.

10 Japanese patent application 63-127952 teaches the use of sulfonic acid
group cont aPhi g SconpBifitds RO treat S hi g paY B R y L REt AFN Shst RdcriyiPate.tvis Us

Patent 45625059019 M.t subpspia Retsaghencabnshons Lhe juseof cacig jon

exchange resin fixed beds to renove inpurities from crude . Therefore,
crude WA magednyranaanber of pdicesslyoueds 20 Acloht ai 1o @ viedes k ange of
inmpurities which.are.diffic to remove by distillation. MVA prqoduced by
the. condens AP 4% Lo el LBy GE WIEA retht B SIcorst &g AT

addi ti onal | prother: ias yet unpdefrvned prapantti eaisuchcas sakeuriderdin g
conpounds whi ch are not disclosed in prior 25 art MVA production processes.
It is an ObPEEECHP -aspéctiss ofRe el presemtot hveht FBnPeo 2previtde P Fo1dft i on

to the no o] h r..0 r hippur i Lices by ipurifdcatd Jﬁ@%§ 0
Accordi%g tgﬁ%’f%P%t%§§8§§€ g?%fhe pfeggﬁﬁ'Fh%é%ﬁiéﬁkgﬁéigﬁ%gibro i&gﬁ a
process for tpyr bhyi mgdomethyhenmethacryhate of MVAR seoppribsieng .cont act i ng
liquid MVA having inpurities W) 2010/070325PCT/ GB2009/ 051693 3 therein
with a sul phonic acid resin, in the presence of fornal dehyde or a suitable

source of netdyhene & stbyhens oh heruhajs.as deki eedmpealQWreaction
of acetone cyanohydrin, methanol and concentrated

25 sulphuric acid; oxidation of tertiary butyl alcohol to
methacrolein and then to methacrylic acid followed by
esterification with methanol; alternatively catalysed

reactions as disclosed in EP 1,073,517. Such reactions

and many others known in the art provide a stream of MMA

30 that commonly contains impurities therein which can cause
problems such as those discussed above when the MMA is
polymerised to form PMMA. Consequently, it 1is usual to

attempt to purify the MMA stream before polymerisation.



R5x .1 5 wher eandare i ndependently sel ected from Cl1-Cl12

hydr ocar bons, preferably Cl---(2.12 alkyl, alke yl or aryl defined herein,
or H, norwopowigoably, c.--r alkyl, or H , nost preferalbCy/GB20%03669a 1 Kyl
or H especially, nmethyl or H 10 X is either O or S. preferably, 0; nis
an integer from1l to 100, preferably, 1 to 10, nore preferably 1 to 5,
especially, 1-3; and mis 1 or 2, preferably 1. 15 In a particularly
preferred enbodi nent the conpound of fornula i is dQiyed fromiiznal dehyde
the pres nce of nmethanol and/or water. In such. a case, the conmpound of
formul a | d d.as I i I - For_ t he
avoi dance o XH S% ﬁégﬁguF?ag%e g%%%%éﬁjf f&%ﬁ% de%g%gsiggﬁﬁggg ﬁ%&dys
equilibriunwdonpb5|aren whigrhi fray aprtovy déi&dfsoante of of ot defiyde. by
Exanpl es of h jinclude but are not restricted to nethyl al 1 .

di met hoxyrrefjﬁﬁ ll%‘bI%}BxyrreFWI%%%% - E&RR oy W&%?JF:XOBl”%]?%dldﬁ
formalins(fermalidehydec nethaset, whater randiiher - egyi hiPei umLenpesd tions
such as a m xture of fornmaldehyde, nethanol and nethyl propionate. WO
2010/ 070325PCT/EBI00IA051693 CheTyiPeal |y, the pol yoxynet hyl enes are hi gher
formal s of formal dehyde and net hanol CH3-0- (CH2-0)1-CH3 ("formal-i"), 5
wherein i=1 to 100, preferably, 1-5, especially 1-3, or other

pol yoxynet hykenes ad tdetadnt east163€ 4nond het hyketerttibenal s gr aup. aﬁhekﬁkbre

t he source of %ﬁrnaldeh de may al so he a. I ogynethxlﬁne 0 for
R1- 0- (CH2- OSPhheré RE AnGR2 ARy Tbéthet r GttFereAt tgRGaY a&ﬁd at 10
| east ong is selected froma C2-Co al kyl group, for instance RL = isobutyl

and R2 = nethyl. Preferably, the formal dehyde or the anount of fornal dehyde
that can beJIaip@@ﬁ§teed>aftrec§rh a2BBi tabreoso@rce 200525 Faordhe dehyeevisse mrfesent

[ 0.0 h h h f
:?qﬁ?dagﬁah f%fggfaCl%thsuﬁ?a%&gkgéh%ggr%%gﬁbrna de\ésdfagré i€ %Ekﬁlt °

purlty methyl methacrylate.

15 US Patent 4,625,059, to Mitsubishi Petrochemical shows the
use of acid ion exchange resin fixed beds to remove

impurities from crude MMA.

Therefore, crude MMA made by a number of process routes
20 contains a wide range of impurities which are difficult to
remove by distillation. MMA produced by the condensation
o f formaldehyde with methyl propionate contains
additionally other as yet undefined impurities such as
colour forming compounds which are not disclosed in prior

25 art MMA production processes.

It is an object of aspects of the present invention to
provide a solution to the removal of these or other
impurities by purification of MMA.

30

According to a first aspect of the present invention there
is provided a process for purifying methyl methacrylate

(MMA) comprising contacting liquid MMA having impurities



selected from 1,1 di met hoxynet hane, higher formals of 20 fornal dehyde and
nmet hanol for exanple CH3-0- (CH2-0)1-CH3 where i=2 or nbre as set out
above, fowgaebion7e325a m xture conprising fornmal dehyde, nmPCHAFRDOAIG93EL hy|
propi onate. Preferably, by the termformalin is nmeant a m xture of 25

f or mal dehyde: net hanol :water in the ratio,25 to 65% 0.01 to 25% 25 to 70%
by weight. Mre preferably, by the tern1%ornalin is meant a m xture of

f or mal dehyde: nmet hanol :water in the ratio 30 to 60% 0.03 to 20% 35 to 60%
by wei ght. WBSESprefertdbl §, Shy PHe tCerdfifbr FBFILA /i s 'nelahe RIREROGEe 30 of

f or mal dehyde: q@gﬁ' ter. in the ratio 35 to p5%. 0,05 .10 ,18%. .42 10 53%
by wei ght. %\3%%2%10 0%%%2 PCT/ CEZOO‘él/"O\S%égg 5 f’?%’ér ét)ﬂ?y,ﬂ‘t'}iﬂ(];" fgr1/‘|’§2t"ur'e
conpri si ng kotmakdehydefcmet:iandl zandeiet:hyl bpropi:onat e contains | ess than
5% wat er by weight. More preferably, the m xture conprising formal dehyde,
met hanol and nef hyl propionate contains less 5 than 1% water by wei ght.
Most pref er @bk t hexn) xture conpri sing fornmal dehyde, nethanol and net hyl
propi onate cont égﬁ/o. ko 0.5% water by weight. Preferably, the suitable
source of forma del,has a 10 boiling point in the range of 69 to 73C at
0.75 bar absolu referably, the fornmal dehyde or source thereof is m xed
with the inmpure liquid MVA prior to contact wwth the 15 sul phonic acid
resin. Typically, Ln a continuous or .sem-continuous process, an jnpure

i quid n/?{/A strfeé%n fs miXed™w th a stFeam d6htaini ny the Tor mal Hekyde or
source theregfi:teafiormsa gombi-ned ki qui-dcst ream priorkéoycontaet W tdy the
sul phonic acid resin. The formal dehyde is 20 therefore present in an anount
bet ween 0. 0feind=0. Iweilght PeritentCin FheTesrbi led “Liqui d L §tFeam” -

Al ternatively, oraddiLional | ¥ the forml dehyde squrce. ey be.present, as an
inmpurity in the

. preferably as a 25 close boiling inpufity priorto
contact witk:the sul phonic acid resin. In such cases the passing of the
i mpure MVA over the ion exchange resin bed acts to renpove or reduce the
concentﬁgtiqniqfGHQgethnggdahyJe@%gggg§van@.or change its conposition to a
heavy or a [ight conponént 30 which can bé réadily separated from MVA by
distillation. WO 2010/ 070325PCT/ GB2009/ 051693 6 Preferably the Iight
conponent wi't i eSpect-¢®>5eparat ok f ridm Mreterably, 1 to 10, more
isdinethoxygeg?gagbﬁgeﬁeﬁabhytQgpﬁc;aQLqethQ&ynethane i sseparatedfromthe
MVAby 5 distillation’ Preferably. the pufification process of the invention
is perforned at a tenperature between 25 and 100C. Mre preferably, the
process is €afritedcout cat 2a Pérperatur’e 10 bet ween 40 and 90C. More
preferably, the process is carried out at a tenperature between 50 and 80C.
Most preferably, the process is carried out at a tenperature between 50 and
70C. 15 Preferably, the sul phonic acid resin conprises a packed
bed. Preferably, the sul ggmc acid_resin c,orrpr;r_:s,es a strongly acidic,,
macr opof ous; "pot yAEr hdsed resi i’ Wbst L prefErabl Y he "$ifl phohi e aci ¢ resin
conprises areresshi nked: polystyrene;fesi pud Nispheti cal bead formw th 20
bead size 0.4 to 1.64mm wth between 0.5 and 3.0 equivalents per litre of
sul phonAc agkEdhgrodps:i(pref erably -betinwesn<0. # afid=2.,5)t it t hicarbarge ©pore
structure wi.th nmean pore dianeter,between 15nm and 9Qnm (preferably hetween
20nm and 70ﬁﬁf?ggﬁfféce%§?éa ‘ét“ﬁgﬁ*?gﬁ?qT”and 168*%V%3g5(§F§JéFébf§§
bet ween 20n2(4x%:186n0Rg<1l) and a pore volunme neasured by the extent of water
retention per unit of wet

20 For the avoidance of doubt, a suitable source of

formaldehyde includes any equilibrium composition which
may provide a source of formaldehyde. Examples of such
include but are not restricted to methylal (1,1
dimethoxymethane), polyoxymethylenes - (CHy;-0);i- wherein i=1
25 to 100 formalin (formaldehyde, methanol, water) and other
equilibrium compositions such a s a mixture of

formaldehyde, methanol and methyl propionate.



resin of between 30and 80% (preferably 40-70% . Preferably- the acidic ion
exchange resin isa nmacroreticular resin. 30 Preferably, at |east one

car boxyl iwoaeiodh7exser is al so present in the purificati @OTHRO®S51693
Preferably, the or each carboxylic acid ester is selected fromthe nethyl,
WO 2010/ 070325PCT/ GB2009/ 051693 7 ethyl pr propyl ester of any straight or
branched C2 to C6 carboxylic acid. Mre preferably, the or each at | east
one carboxylic acid is selected fromthe nethyl or ethyl ester of any
branched or unbranched C2 to C4 carboxylic 5 acid. Exanples of suitable
carboxylic acid esters include but are not restricted to nethyl propionate,
et hyl propionate, propyl propionate, nethyl butanoate, nethyl isobutyrate,
et hyl butanoate, propyl butanoate, butyl butanoate. In a preferred

enbodi nent , THELIRA L 1ofopf BRate 10Tt hy3R g S ot r Bt 8harle B EB2 b esednt in
the purificablon BERCRSS anlYRICH o1 | b eaniiugys. O, Sesgentinuous
process the at | east “one carboxylic acid ester i's aiready present in’15 the
i mpur e | % quintheM¥A rstir-elant prildr0 ,t coxohtasblw, t A-bhe sidgphoal tyatid, r esi n.
Typically, therefore, in such enbodinents, the at | east one carboxylic acid
exter for s opart: oP oL KG B e 15 Gul HC 8t ram 28 Py pieal 136 1 R v ]

i mpurities haveiaahoigrong .poindravy e, rendessysepabat irgpmbY adihsbiel haty on
ineffective. Typically, the inpurities have a boiling point within 15C of
MVA. More tygiscal Py, & heoilnpavmeitdy Ueage a fbot ¢ Ry Lpoifnt Owi(EAEnO10Rof
MVA. Most typicall y, ' i ties v 25 _bqi Li i it hi of
NN%.GEneraIﬁ§%§sh§li%gﬁrgnﬁg%§ﬁggetggbg? ?ngrpgﬁkFg%ﬁgghgﬁg 5pf§§?%§iely
the saneOas IM#st . enew thi ;dl ot t2G flrpur iat | es-Tmy have lbaytdng, pdiart s as
pure conponents which are nore than 15C of MVA if they exhibit non ideal

di stillati on"5&RAGEOGE, = 305 PRV EBNDFRAt Form Vi %ither  MVA or with one or
nore inpurities or with MVA and another inpurity such physical effects
making the inpurity very difficult to separate from MVA by distillation.
Exanpl es of Psadhrphysi cahe WOrpeloLdyos25PCThEB2009/105 169 F g reflfdsdtysicaar e
the formation of high opclowhoillnd azeptropes. JThe Lpvention has heen
found to be particularly useful 1n he" rénoval ‘ot séveral rmpurities in
the i npuse MNMAmkilgeihgdel ti shas-deert fioungh tdasutbhebeapeeht Des1maydcangri se
i sobut yral dehyde either as isobutyral dehyde or in a conmpound which

r egener at es "F8blit YRACGehy d& e Cexposed '610RE 8t pREHILE X¥Ad ion
exchange resin. Exanples of 10 such conpounds include the nono or

di -acetal s of isobutyral dehyde with a C to C6 branched or non-branched

al cohol , i nPparfécabar, 2,2 di net hoapt epave,rcand mét habkybhldebohde. 16
Renoval of isaqbutyral dehyde. using. the fornal dehyde/resin _conbination s
advant ageou$ < g%ﬁogéﬁ s%bzty?hT%g%ﬁﬁ%m%B%?%gSeﬁé%%bgﬁw%ng%iS as a
| ower bool i g rinRWdHyde Renavimgt hsabut cat dehyde s ¢he d-omHedl) i AgH;

i mpurity (Ii%hts).colunn runs the risk of polynerisation initiation 20 by
i sobut yr al d&#RFEE/ 3XYgeF IMPHher T i Yht sOebl APV Bvel RERES 1RhPEh 2afe xture

pr edom nant Ly, MA;and haysahacedted Wbl grygen hknihe pabymrehsation

stabilisers to ef fective. dition, recycling of i sobutyral dehyde
causes sl ow 25 conversion to isobutanol over the catal yst. |sobutanol

escapes inta the ur,e product both reduci ng the specification and al so
ey e R A e b T PR e o0 BRSNS, Mo BReCl | GELLOD 0T
initiatoss, rbheneby niyaes:arsing dihe demand, f oresugh jionitg at er $swhi ch caare 30

invariably coloured in both their unreacted and reacted (wth isobutanol)
fornms. ThistPs2an i gsud i the deuars ue §r adescapdcsenalothePs Wher €9/&ry | ow

levels of i@EEE%HQBSi@r%eg%%a%d%gxture of formaldehyde:methanol:water
in the ratio 30 to 60%: 0.03 to 20%: 35 to 60% by weight.
Most preferably, by the term formalin is meant a mixture
30 of formaldehyde:methanol:water in the ratio 35 to 55%:
0.05 to 18%: 42 to 53% by weight.



WO 2010/ 070325PCT/ GB2009/ 051693 9 Further inpurities that have been

advant ageousl y renoved include optionally substituted C4-C20 di enes. The

i nvent i orwbasiages2sf ound to be particularly useful for POTIGBEIESE6935
Useful substituted dienes that can be renoved are Cl-6 nono-tetra al kyl

C4- C20 di enes, such as C4-C8 dienes, for.exanple, nmono or dialkyl

hexadi enes. Exanpl es of di enes have been found to include but are not
restricted to any of the following: 2, 5-dinmethyl-2, 4-hexadiene ; 2, 5- 10
di met hy1- 1, BrRégadlene, mebhytuie SCHERAHF ehe: fprralﬁéd@mﬁﬁet hyEtgiancl

4- hexadlen o e 2 th n

2-met hyl -1 ex% ?Q'JUQ%PM% %gﬁﬁgiﬁﬁﬁhﬁﬂg“%ega en%ﬁgﬁh ? Qﬁ%g%gd?)ne. 15
In additionwethehtnpurlﬂﬂeswﬂapraﬁsaabﬂghcaltyecoanKSBJDptnxunﬂﬂgslng

substituted C6- ri.enes of tri anes i ncl ude but ar.e nat
ostricted £8LRRY ISR YERe. TEIPOM oo RoEaT i R P itre PR GHfo LS55 The
i nvention hasheer: f quadt ¢ pewespeei.al | Mostf igientrdiory CA- 620 rdi-anas or
C6-C20 trienes with one or nore substituted, preferably, alkyl, nore

pr ef er abl y, ceIvg ilikng @ﬁﬁﬁﬁ%@%ﬁ!@prlrﬁQﬁhﬁﬂobnﬁFN%am%6h§lo@roplonate

di -substituted, preferably, jakkyl, .oore p&gfghebly, Cl-6 al kyl substituted,
25 term nal enyﬁ car bons whi'ch enyl “car Bons “are thereby capabl e of formng
tertiary carbocations. Most preferably, the invention is for the renoval of
C4- C20 dienes, optionally, substit ed as define bove. Part rIy
rerorr o arere i Y ertha B0 ERELEr cI3ea nody: Fanrer gl AL

2-met hylo 2, 4ohexadi epein€i s 2- fRLhyl a4 4- hexads ene; Z2smet hyl -8, 75-heyx ad |
e ne; 2-methyl-1," 3-he x ad i e ne ; 2, 5- dinmethyl-1, 3-hexadi ene and

1, 6- hept adi eréoliviheparti cul ar WO 2010/ 070325PCT/ GB2009/ 051693 10 trans
2-met hyl - 2, 4-hexadiene an d ci s 2-nmethyl-2,4- hexadiene. Qther inpurities
that nay be renpved by the practice of 5 the present invention also

typi cal |y cempfficsaapt,i atad | ¥ ostbasdietytded cunsabut-ated halrdettydes anicked

ket ones. Exanpl es of such al dehyde or_ ketone conpounds include R CCOR'
wherein R H&ﬁjbet%§dﬂ&§€ﬁreo&HQHkﬁIVM§UH§¥?PGt§@ aFRYIt2 St Kehy P 6#mhry

mor e prefer abhyn o &l6 a%H@YEeSQ% §%ﬁ@ﬂlﬂy anyla 10and RuLay bem;
optionally substituted al kyl, al ken or aryl, nore preferably, CI1- 6 aIkyI
Cl-6 alkenyboemlpW@m¢|pnqmeﬁﬁdlta@nlmQUﬁetHyh@n@raﬂﬁMtehraanav alisede
present and reﬂgved béth e Proc sso£ %h %hpnv tlon édvantaqgousky
this inpurity nay “ot ferwi $& 6€"c ol ot P orting i e “Sui t

further inpidhictriees icrclided aildcbmwinek@tpﬂ@ul@t Bykeamnpkllﬁet Q@e,codit%td’tw
ket one, ethyl isopropenyl ketone, 3- 20 nethyl ene

1- hexen- 4- ofé, et rac? ol i Fo R bR a0t t bEGeRe, AMC peRIrERAICIYER 4%

3-pentepgl . Prefered Lucther Lapuri thes, wb%*%w%ae@l be orlerg%?@ .gy di&nt

practice of the present invention are et vi nyl ketone an i Vi ny

ket one. 25 pecoedmnghytheheombesedtlquedteomeaﬁ.partlcularly benefi ci al
for the renoval of trans 2-nmethyl-2,4- hexadi ene; cis

2- met hyl - 2, 4- hexadi ene; ethyl vinyl ketone and divinyl ketone. 30 A

suj tabl e pragessnkern venepanirmnaddne iMA apNiyofi HeO fidfrintatldedydy eRM@ctmawi th
f ormal dehyde or a source of nme hv lene oretlL. vl eeconprisescontactingnethyl
be present as an impurity in the MMA, preferably as a
25 close boiling impurity prior to contact with the sulphonic
acid resin. In such cases the passing of the impure MMA
over the ion exchange resin bed acts to remove or reduce
the concentration of the formaldehyde source and or

change its composition to a heavy or a light component

30 which can be readily separated from MMA by distillation.

Preferably the close boiling impurity present as an

impurity in the MMA is formal-2 (CH3-O- (CH;-0),-CHs) .



WO 2010/ 070325PCT/ GB2009/ 051693 11 propionate with a suitable source of
net hyl ene. of formula hydr ocar bons, preferably. Calkyl, al kenyl or aryl
as defi nasioherodgi7ni2sor H, nore preferably, al kyl, or h, mp€T/gRe49%0589BY,
c--c6 alkyl or H, especially, metor H 10 X is either 0 or S. preferably,
O; ois an integer froml to 100, prefergbly,to 10, nore pref rabl, I to 5,
especially, 1-3; and mis 1; in the presence of a suitable catal yst, and
optionally in 15 the presence of an alcohol. The process may be carried out
in the presence of at |east one suitable stabiliser. Preferably, the at

| east one s i r I r er P QXWR o]
Topanol - A (%ngbu%§ﬁyzqﬁld Q?ﬁgliﬁéﬁﬁgﬁ%&gg%g%gpg ?%?agﬁngg%%he tg$ﬂ1

"al kyl " wher wsed T &in,isreandinmtiessynt bieswe se [ ndl Catedrallyt o @Deal kyl

and aIkyI clud met h et hyl, pr buty pentyl hexy and  heptyl
gr oups. %rjrlnbes% BFHﬁ%lgﬁn?pé‘cgfl e%&}/aaqa@ef& gr obips® Fay FPvihenther e G% a
suff|C|e9t purben 1k iear.bon atons, be |inear or branched (particularly
preferred branched groups include WD 2010/ 070325PCT/ GB2009/ 051693 12
t-butyl and isopropyl), be saturated, be cyclic, acyclic or part

cyclic/acyckig ubstit t nor e
substltuentg sgﬁggfggﬁf?%ﬁ%hg%ggf%éggggh %?geg%Fﬂggn%gg ;gﬁgxtg¥§3g§ﬁ
C(0) 0R22, NB23RAME Gf @) NR2DR2G, L SR2%e G0 8RS CASINRRIR2E, More
unsubstituted ar ﬁéﬁlt ted aryl, or unsubstléuted or_substituted Het,
wher ei n R19PEG fﬁs‘% PBRAEAEFy 1rfepr 2Eehtd hydrodgen, chdigPerature
unsubst i ut ed 1Qfe SHbSDI tait gd |y, onmdnsubstirbukedor §Hl%5d;bfél&§@sa|ﬂ@/|

or, in the case of R21, halo, nitro, 10 cyano and am no an

i nt er r upt ed cy roigel @1 tos & eprt@rmearmwn%s@etmw)% ODoxyrgent 0 s@b pthrost
silicon ato r. 5|I 0 Lal.kylsi o] , Oor mxtl thereof .
15 The tern§§ﬁF &arfﬁﬁemﬁgﬁgﬁgedxherégﬁ %%CEE@@§§%IVG§6 éﬁxﬂﬁl ered
preferably bewaebﬁ eioghthhdneoBier.ed, carbocyclic aromatic or pseudo aromatic
groups, such as phenyl, cycl opentadi enyl and i ndenyl anions and napht hyl,
whi ch groups may be unsubstituted or substituted with one 20 or nore
substituent . 3electad, fram unsubshitiut ed.;of sulsti tugd- BEYL, 5 aldody i ch
group may itself be unsubstituted or substituted or term nated as defi ned
her ein), kbbeQMucﬁi@ﬁ@nmhkw rwgelBw&phﬂmnms¢¢tdtm@&wnsgbgpmuae@dax
term nated ai defined hereln),rhavg,h yano, 25nitro, OR9, OC(0)

C(0) R2NR23RGA “1 9 & 6 0R2 ﬁ)ﬂszaﬁz% “SRIYL ) SRS oF ﬁ@jNRZ?RZ@”%erel n
R19 to R3 ea;ehsﬂcnﬁlgpargd,enthxc r epr esentn hydrmegen, umsubstidsked otes a
substituted aryl _or al kyl (mhlch al kyl group may itself be

crogsiinked polystyrens rYezin in spherical bead form with
20 bead size (.4 to 1.64mm, with between 0.5 and 3.0

aguivalents per litre of sulphonic acid groups {(preferably
petween 0.7 and 2.5) with a large pore structures with mean
core diameter petween 1bnm and %0nm (preferably between
20nm and 70nm), surface area beltween .’.i_5n'=.2g"1 and 100 ng"1
25 (preferably between 20m%{1 SOm%fU and a pore volume
measured by the extent of water retenticon per unit of wet
resin of between 30 and 0% (preferably 40-70%).
Preferably the acidic ion exchangse resin is a
macroreticular resin.
30
Preferably, at least one carboxylic acid ester is also
present in the purification process. Preferably, the or

each carboxylic acid ester is selected from the methyl,



unsubstituted or substituted or term nated as defined 30 herein), or, in
the case of R21, halo, nitro, cyano or am no. WO

2010/ 070326RCIVIEBR2809/ 051693 13 The term "al kenyl " whenPG3&B2h@vSiey3 neans
C2 to Co al kenyl and includes ethenyl, propenyl, butenyl, pentenyl, and
hexenyl groups. Unless otherw se specified, alkenyl groups nay, when there
is a sufficient nunber of carbon 5 atoms, be linear or branched, be cyclic,
acyclic or part cyclicl/acyclic, be unsubst i t ut ed, substituted or term nated
by one or nBiré&Ydubst Pdigenitls esséleé”ctcéﬁ afﬁibn@%%@wh%y%ﬁobr%m@?%d BRI Cs
0C(0) R20, ) 4. 6, ) S

(S NW?W%QE%}} ngc?lﬁ% or Ng tljifeut%akgig ?ﬁ@ Oﬁ%% g%gute%%

substi t ut edoHet cawlerxeiln R18ct o RS aeée@e;feidnédcas floe Iadaklyi/lab@veetamd/ or be

interrupted b one r ( erably | ss t han, 4) oxyg ul. phur
silicon atofr§,-S §Pp/aﬁjom§}ek3ﬁ Al %Y éjlni G GFSLp? g%{ %nxt éfs)oxt%

15 Halo gr oulaadw t xwhicgh st he %@Q\t%rb%ntda@ﬂﬁﬂ;ygﬁ@lFéscﬂ@-)ésﬁ%r%uﬁﬂdltdﬁeed or
termnated include fluoro, chloro, bronb and iodo. 20 The term "Het", when

used herei nP Y hclagdes Tobir -reo- 1 vt $@- nevberedhvpr ePerabl 9N 66r- téLyl
t en- nenb t a 25
en-ne eregr%r %’1% %)‘tsete“&r y%gi%sfuﬁ‘%n&@g %h@ttugﬁs t%HQBS?'E% én%%%/%

sel ected fr itrogen, ur an X er eo
ri ngs cont aiim ohost wnet oy, l@mrkﬁyﬂoﬁbh)ﬂtearb@mds orprmagybe mmaraam)lmt,l Gutpartly

aromatic or whoIIy aromatic in character. may he
TonoCYCl i o PGS or 1 o8t PR o T LT derd Pt a0 REPErmIdF 30 be

unsubstigut ed Retrdybstisbuted Dy ane an JWre subst iituens seliected ffgrpom
hal o, cyano, nitro, oxo, alkyl (which alkyl group may itself be

unsubsti t ut edogessubstituted or term nated as defined herein) -0OR19, - WO
2010/ 070325PCT/ GB2009/ 051693 14 OC (0) R2, -C (0) R21, -C (0) oR22,-N (R23)
R24 f ¢ (0) N (R25) R26 f - SR29, -C(0)SR3 or -C(S)N(R27) R28 wherein R19
to R3 each mrgependent liyn reepresemudhydr ogepemtinsuhst htvtied pabceylstttaut ed
aryl or al kyl (which alkyl group_itself may be 5 unsubstituted or

substit ut ed2or 1@&% rfé'f%dcﬁébaéﬂh%d aﬁérdelq"ﬂted% 1% nat he2eysBT6F°RE1, Thal o,

nitro, am neny G¥aMPe ThELief %Mﬁétr%%‘r!ﬁg!ﬂ%ﬂldg% PRS- SUEDLBS the
optionally substituted azetidinyl, pyrrolidinyl, imdazolyl, indolyl,

furanyl, oxapdlg/honﬂgomﬁodylre a@noxaﬂmazmi/ly, t hi:azoﬂeyﬂore hi adi azsoicyi :
triazol yI ax trlazol hi atrlazol yr|d zin hoI

pyri m di nyI % Fia2| n Ell Chot i nyﬁa 1%/s% % %ofgﬁyiﬂl%l Sgl’l di r%;le% f)})rénzsol yl
and pi perazpa}ﬂt oSulasltel tutibeneat 1He1hlma)étla%aa1t a carbon atom of the Het

ring or, where 15 appropriate, at one or nore of the heteroatons. "Het"
groups may al so be in the formof an N oxide. The term "hetero” as

menti ongg hereiin IEARS Phter 09fAy 144 %%/gﬁgvesuéf%of’h@gx%ﬁf t”éﬁHf' In
a conti nuous process, after a peri Odl say, a few nont’hs ef |cacy of
a SulphonlCra@d@rsesepamaylb@v®y distillation ineffective. Typically,
the impurities have a boiling point within 15°C of MMA.
More typically, the impurities have a boiling point within
10°C of MMA. Most typically, the impurities have a
25 Dboiling point within 5°C of MMA. Generally, the
impurities have a boiling point which is approximately the
same as MMA i.e. within 1 or 2°C. Impurities may have
boiling points as pure components which are more than 15°C
of MMA if they exhibit non ideal distillation behaviour,
30 in combination with either MMA or with one or more
impurities or with MMA and another impurity such physical

effects making the impurity very difficult to separate

from MMA by distillation. Examples of such physical



25 reduced to about 20% of its efficacy when fresh. This is often referred
to as a "deactivated" resin. However, it has further been surprisingly
found t havothw/gpxrsence of a suitable source of fornmal dekyaB2009/a5he@3pr esent
invention on a "deactivated" resin causes the renoval of inpurities 30 at a
rate simlar to that of fresh resin. W0 2010/070325PCT/ GB2009/ 051693 15
nmet hacryl ate (MVA) conprising contacting liquid MVA having inpurities
therein with a sul phonic acid resin, in thefpresence of formal dehyde or a
sui t abl e sorce® of Snetth§| ebe Sor fetrhypfed ofif orthiP& 1 0&s défi néPibelnsiv. 5
R5x (cEi tg@eo@?gég R and. RE are .1-idependently selected from

hydr ocar bons, r-fe agly,alkyl, al kenyl or aryl as defined herein, or P,
nore preferably,al kyl, or H 10 nost preferably, C-C6 al kyl or H,

especially, thyl or H; Xis either O.or 3, preferably, 0; n is . an
Cnteger f1oMT £8VENGLCH dFet Ay 10100100 Rbr 8praferably 1oEg s o
especi al by, the apdniovyd 5 dror s@vepief erabhyi diewher gi nti be isyd phenivgizaci d

resin is at |east partiallﬁﬁdeactlvated. In a particularly preferred
enbodi ment tREVEEnpAGindast OREE| & OoMnids tHEr id¢ FitATTLerRe dehy deTRT itte
presence of . hggp I t: n ch. o] 2
formul a | nalg%ttk)je e%?%@%ﬁgge\g%slﬁg?ggl easésjoulr%%kg‘gfﬁ%%%ﬁl%%%dgquq%he% erm
"t he sul phoribapacinrd! mésiiah | seatnkeastk sparstolaltdw adesdtidat ed'en idxdssareant

that the effica of the sul phoni acid resin has becone reduce as
Coapar od LotS TiNahoPeBI e | L8 O s tPe 95 t oFeEpLes Of

contam pant g sdeh @smbbBese presentusn af eedystyeam bei ag-purddd ed sych as
an inmpure liquid MVA stream WD 2010/ 070325PCT/ GB2009/ 051693 16

Pref er abl y, ieheuaty rladaleh veer tildll o deact vt edrsuFphREnie acind bregicidsas
| ess than 9%g§%h%ﬁf'ﬁ%c a3y i %f%d2L§gdé§ﬁ§gggﬁ§§§ﬁﬂhe%dﬁﬁﬁ%%%a11

Pref erably, € atf 'l east partially déactivate oni’'c aci reS|n3Has
| ess t han 99%cbnhefif.i cacy as conpared to its efficacy when unused, nore
typically, less than 95% efficacy, nost typically, less than 75% effi cacy,

especially, less than 50% efficacy. Preferably, the at |east parti al

deactivati oRchefers 4€ l@ohﬂ%g%%h@@@1Eﬁa%ﬁhﬁm%e§h%5:@gﬂﬂéﬂdéﬂjhéﬁ¥g§iﬁMtf‘
at | east one diene. For exanple, preferably the at |east partially
deact i vat edcsabpheniionacitl rdyienthgsdueseudrantBOWwef fiisoay vira ldedgtdeng

wth at leagt one diene as compargd Lo, L5, efThsacy when unussds, ey .
Removing isobutyraldehyde in the low boiling impurity

(lights) column runs the risk of polymerisation initiation

20 Dby isobutyraldehyde/oxygen in the lights column overheads

which are predominantly MMA and have to be fed with oxygen

for the polymerisation stabilisers to be effective.

In addition, recycling of isobutyraldehyde causes slow
25 conversion to isobutanol over the catalyst. Isobutanol
escapes into the MMA pure product Dboth reducing the
specification and also providing a problem with thick
sheet as it reacts with polymerisation initiators, thereby
increasing the demand for such initiators which are
30 invariably coloured in both their unreacted and reacted
(with isobutanol) forms. This is an issue with aquarium
grades and some others where very low levels of initiators

are demanded.



15 According to a third aspect of the present invention there is provided
met hyl nmet hacrylate such as liquid MVA having one or nore of the inpurities
i ndi cat edwbepw/at032hi ch has contacted a sul phonic aci d r @STIGB200%(5€69pr esence
of 20 formal dehyde or a suitable source of netylene or ethylene of formula
i as defined bel ow whereand R are ipdependently selected from12 25
hydr ocar bons, preferably, ClL --Cal ken - ©or aryl as defined herein, or ,
nore preferably., Cl Cl 0 al kyl, nmost pref -rabi.y, CCikyl or H,
especilly, metor IS elther O or S. pref rably, 0; WD

2010/ 070325RCT/ rﬂéf%gra & A 693 47 0. S AR %@&?rgﬁ(z Hglx%%%uﬂs% r%rn%fveercﬁb' Y

1 to 10, nore pre to 5, especiall
preterably incwher DptubeaﬂﬂQUB@bﬁha$@teﬁ.A@eﬁmejuymes aT&@umthmﬂspeni of

t he present inventio the e | rovi ded g | ymer cgngrisin met.h
met hacr yl at 8*Fe&Fddes, iﬁgﬂ%?IEb?% %EgYaPEeFB i diiés © _edéﬁ%Fﬁbted a
sul phoni g a@'s@ﬂ@ﬁ'@ub@tih@t@"deﬁiqfé@ﬁaspf thordretdehyde eend il tabke csource
of me e or ethylene 10 of fornula i as defined below. R5x t R6
mono-tetra alkyl C;,-Cyy dienes, such as C;,-Cy dienes, for
example, mono or dialkyl hexadienes. Examples of dienes
have been found to include but are not restricted to any
o f th e following: 2,5-dimethyl-2,4-hexadiene; 2,5-

10 dimethyl-1,5-hexadiene, 2-methyl-1,5-hexadiene; trans 2-
methyl-2,4-hexadiene; c¢ci s 2-methyl-2,4-hexadiene; 2-
methyl-3,5-hexadiene; 2-methyl-1,3-hexadiene; 2,5-
dimethyl-1, 3-hexadiene and 1, 6-heptadiene.

15 In addition, the impurities may also typically comprise
optionally substituted Cs-Cyy trienes. Examples of trienes
include but are not restricted to any of the following:

heptatriene, cycloheptatriene.

20 The invention has been found to be especially efficient
for C,-Cyy dienes or Cg-Cyy trienes with one or more
substituted, preferably, alkyl, more preferably, Ci_.¢ alkyl
substituted, internal enyl carbons or di-substituted,
preferably, alkyl, more preferably, Ci_s alkyl substituted,

25 terminal enyl carbons which enyl carbons are thereby
capable of forming tertiary carbocations. Most preferably,
the invention is for the removal of C(C4-Cyy dienes,
optionally, substituted as defined above. Particularly
preferred dienes for removal by the present invention are:

30 trans 2-methyl-2,4-hexadiene; cis 2-methyl-2,4-hexadiene;
2-methyl-3,5-hexadiene; 2-methyl-1,3-hexadiene; 2,5-

dimethyl-1, 3-hexadiene and 1,6-heptadiene, in particular



he re and. R are independent y selected ftom hydrocarbons,

Krr-ferablv, Lkyl, - k. enyl or aryl as 15 defined herein, or P, nore
pr ef er ablwo 2000/d7032al kyl , or nost preferably, Cl-C6 al kyPCOrGBp@sadIBY,
methyl or H.; either 0 or S, preferably, O; nis an integer froml to

100 preferably, | to 10, nore 20 prefereikély | to 5, especially, 1-3; a.2,
preferably , when in the |iquid nononer phase. Preferably, the inpure MVA
of the present invention is 25 produced by the condensati on of fornmal dehyde
wi th net hyl tpr ®pionat@Sthy lhas ‘be&x § 8urid €hatt the Pr esert Sivedtizont i s
particul arly.adwantageous in the renoval of inpurities fromliquid MVA
produced by such a process. Typically, the W 2010/ 070325PCT/ GB2009/ 051693
18 inpure MVA for purification by the practice of the present invention is
produced by e candensat.i on of fornmal dehyde wt thyl propionate in the
presence of O%r%?c?i B l%dsﬁsc Eétaﬁl VSt and, r88?i‘78ﬁaﬁ/ ,%Pr%t ﬁﬁ%& N Oﬁ?event
acid 5 for mhiconhrdssit t ablenbashc agatal ygdidor § h@o%?@qgés@tﬂtg@nraq@@t ion
is an al kali netal doped silica such as Caesiumon silica(Cs+/Si02). In
such cases, StRétsithiteds unrat ey ctle 2eRphoed are preeParsabl ypordes Kiigh
surface ar egu%'h' LGagSHeh as }Qeeéciﬁé ! &8&% uHas%H'cFLgB%dRG%Lo W igasand 10
aggl onerated pyrogenic silicas. Prefera ?y, the alkali netal is present in
the silica ®atalkystbd midmwgangeodtid D& w ekptesseddas limtlal rlkenyl Al l

of the features contai ned herein be con‘giﬁn%d with 15 an%// of the above
aspects and®in aa‘r%fcla%?n&rie&?r i ivent PO YWl I© mov? bESTY FusStr &ed by
the folow ng exanples, and wdh Jrefierence, 40 thesdi gune,i n whikehy1 20-
Figure 1 is a graph of divinylketone renoval with respect to fornmal dehyde

f eed. Exanpkesl,2BoEzampkeéerabl@ggCofs wakerd , wet-cLewsenty 12314 PSenyng

sul phoni c acid ion exchange resin supplied by Lanxess was washed by

all ow ng nethanol to flow down a glass colum packed with the resin 30 at a
rate of 1 bed valdireier ReuktuRtlichet-Bebeltwent,l imiti alllgo bibewnrdeaaire
colourless to the eye. It was then washed with pure MVA until| the
concentrati 6mM 6f FEhAN&AdféeM t &80 PPincesFy of° SuchH &si nwWad Pied in

V[)20104@70§%%%gyé§$gﬁgﬁ9§l@g§s impurity may otherwise be colour

forming in the MMA.

Suitable further impurities include: divinyl ketone, ethyl
vinyl ketone, diethyl ketone, ethyl isopropenyl ketone, 3-
20 methylene 1-hexen-4-one, methacrolein, isobutanol,
toluene, and pentenals such as 3-pentenal.Preferred
further impurities which can be removed by the practice of

the present invention are ethyl vinyl ketone and divinyl

ketone.

25
Accordingly, the present invention is particularly
beneficial for the removal of trans 2-methyl-2,4-
hexadiene; cis 2-methyl-2,4-hexadiene; ethyl vinyl ketone
and divinyl ketone.

30

7

A suitable process for preparing the MMA pricr to
purification by contact with formaldehvde or a source of

methylanse or athyieane comprisas contacting methyl



19 a 3 necked round bottonmed flask equi pped with a magnetic stirrer
follower, a thernmonmeter and a water cool ed reflux condenser. 50 ml of a
sanpl e ofwpwpw/avwarst o whi ch 100ppm of 2- net hyl - 1, 5- hexa#Ce&maB2h@dsb@en added
was placed in the 5 flask. The flask was placed in a preheated oil bath and
sanpl es taken by pipette fromthe flask . at defined intervals. The sane
batch of resin was used for each experinment. Sanples were anal ysed on a
Varian GC equipped with a CPSil 1701 capillary colum. The 2-nethyl-1,5- 10
hexadi ene i §6rEFiP6§8dcr apitdl v 19 ot 2- ARt hyd- 2f sUeReXadrené THiS torponent
then di sappearedvery..sl pwhy to form 2-nethyl -2, 4- hexadi ene. The experi nent
was run three tinmes, at 70C, 50C and 30C. The wt % of each conponent are
shown in tables 1, 3 and 5. 15 Exanple 2 Exanple 1 was repeated, but in
this case 1000 or 7000ppm of 1, 1-di nmet hoxynet hane was added to the MVA
solution 20 before heating. The wt % of each conponent are shown in tables
2, 4 and 6. Exajple 3 {25 Exanple 1 was repeated except that a m xture of
100 ppm eackR’¥ W dijret hyl- 1, 5- hexadi ene and 2, 5-di net hyl- 2, 4- hexadi ene
were used inste f 1PRpm 2-nmet hyl -1, 5 hexadi ene. The w % of each
conponent at th gi fherent 30 tenperatures is shown in table 7, 9 and 11.
Exanpl e 4 WO 2010/ 070325PCT/ GB2009/ 051693 20 Exanple 3 was repeated
except that 1000 or 7000ppm of 1,1- di nethoxynethane was added to the MVA
sol utionsbef,age heating.q w0 The, wt3.0b-each qonponent. aly each heat ng
tenperature is 5 shown in tables 8 10 and 12. “Tabl'es 7-12 show the anount
of 2, 5-di metiyii<2a4bhexadicene epraibdésentC-at’:- dif feyentat keeyinter valys ard
different tgmer@t.;urhe\sw..bqth with h an d without 1,1-dipnethoxynethane 10
present. TabfFe*1°70€~"Gppm 1,1-di mBY hoxyret iane” s Conponefit “Time/’/m n'v 0 5
10 20 40 60:2Me- L, 5-hexad enec0.00109% 1 or H, especially, methyl or

H:

o I

10 X is either O oxr 3, prefervably, O;

n ois an intecger from 1 to 100, preferably, 1 to 10, more
preferably 1 to b, egpecially, 1-3:

and m ig 1:

in the presenca of a suitabie catalyst, and opticnally in

15  the presence of an alcohol.

The process may be carried out in the presence of at least
one suitable stabiliser. Preferably, the at least one
stabiliser may be selected from hydroquinone, p-
methoxyphenol, Topanol-A (2-t-butyl-4,6-dimethylphenol) or

20 phenothiazine.

The term “alkyl” when used herein, means unless otherwise
indicated, C; to Cip alkyl and alkyl includes methyl,
ethyl, propyl, butyl, pentyl, hexyl, and heptyl groups.
25 Unless otherwise gpecified, alkyl groups may, when there
is a sufficient number of carbon atoms, be linear or

branched (particularly preferred branched groups include



0. 0000% 0. 0000% 0. 0000% 0. 0000% 0. 0000% 2Me- 2, 5- hexadi ene 0. 0000% 0. 0083%
0. 0072% 0. 0052% 0. 0031% 0. 0014% Tr ans- 2- Me- 2, 4- hexadi ene 0. 0000% 0. 0005%
0. 0019% OWOQRANG7(328027% 0. 0025% Ci s- 2- Me- 2, 4- hexadi ene POT@X200413163000%

0. 0000% 0. 0000% 0. 0000% 0. 0000% 15 Table 2 70C, 1000ppm

1, 1- di met hoxynet hane Conponent Tinme/mmpn 0 5 10 20

t-butyl and isopropyl), be saturated, be cyclic, acyclic
or part cyclic/acyclic, be unsubstituted, substituted or
terminated by one or more substituents selected from halo,
cyano, nitro, OR'Y’, O0C(O)R?, C(O)R?, C(0)OR?, NR”R%,
5 C(O)NR’R*, SR?’, C(0)srR’”, C(S)NR’'R*”, wunsubstituted or
substituted aryl, or unsubstituted or substituted Het,
wherein R to R’® each independently represent hydrogen,
halo, unsubstituted or substituted aryl or unsubstituted
or substituted alkyl, or, in the case of R?', halo, nitro,
10 cyano and amino and/or be interrupted by one or more
(preferably less than 4) oxygen, sulphur, silicon atoms,
or by silano or dialkylsilcon groups, or mixtures

thereof.

15 The term “Ar” or “aryl” when used herein, includes five-
to-ten-membered, preferably five to eight membered,
carbocyclic aromatic or pseudo aromatic groups, such as
phenyl, cyclopentadienyl and indenyl anions and naphthyl,
which groups may be unsubstituted or substituted with one

20 or more substituents selected from unsubstituted or
substituted aryl, alkyl (which group may itself be
unsubstituted or substituted or terminated as defined
herein), Het (which group may itself be unsubstituted or
substituted or terminated as defined herein), halo, cyano,

25 nitro, OR", OC(0)R’’, C(O)R’", C(0)OR’?, NR”R*, C(0)NR”R’®,
SR, C(0)SR™ or C(S)NR'R*® wherein R to R’ each
independently represent hydrogen, unsubstituted or
substituted aryl or alkyl (which alkyl group may itself be
unsubstituted or substituted or terminated as defined

30 herein), or, 1in the case of Rm, halo, nitro, cyano or

amino.



40 60 2Me-1, 5- hexadi ene 0.0117% 0. 0007% 0. 0004% 0. 0005% 0. 0005% 0. 0006%
2Me- 2, 5- hexadi ene 0. 0000% 0. 0054% 0. 0027% 0. 0011% 0. 0009% 0. 0006%

Tr ans- 2- Me02p0/07b2%adi ene 0. 0000% 0. 0000% 0. 0000% 0. 000 LI REXOBIFI®30000%
Ci s-2- Me-2, 4- hexadi ene 0.0000% 0. 0000% 0. 0000% 0. 0000% 0. 0000% 0. 0000%
Table 3 50C, 0 ppm 1, 1-di met hoxynet hane 13 Conponent Time/ mn

The term “alkenyl” when used herein, means C; to Cig
alkenyl and includes ethenyl, propenyl, butenyl, pentenyl,
and hexenyl groups. Unless otherwise specified, alkenyl
groups may, when there is a sufficient number of carbon
5 atoms, be linear or branched, be cyclic, acyclic or part
cyclic/acyclic, be unsubstituted, substituted or
terminated by one or more substituents selected from halo,
cyano, nitro, OR'Y’, O0C(O)R?, C(O)R?, C(0)OR?, NR”R%,
C(0)NR™R’®, SR”’, C(0)SR’, C(S)NR'R”®, unsubstituted or
10 substituted aryl, or unsubstituted or substituted Het,
wherein R'® to R’ are defined as for alkyl above and/or be
interrupted by one or more (preferably less than 4)
oxygen, sulphur, silicon atoms, or by silano or

dialkylsilcon groups, or mixtures thereof.

15
Halo groups with which the above-mentioned groups may be
substituted or terminated include fluoro, chloro, bromo
and iodo.

20

The term “Het”, when used herein, includes four- to
twelve-membered, preferably four- to ten-membered ring
systems, which rings contain one or more heteroatoms
25 selected from nitrogen, oxygen, sulfur and mixtures
thereof, and which rings contain no, one or more double
bonds or may be non-aromatic, partly aromatic or wholly
aromatic in character. The ring systems may be monocyclic,
bicyclic or fused. Each “Het” group identified herein may
30 be wunsubstituted or substituted by one or more
substituents selected from halo, cyano, nitro, oxo, alkyl
(which alkyl group may itself Dbe wunsubstituted or

substituted or terminated as defined herein) -O0ORY’,



0 5 10 20 40 60 2Me-1, 5- hexadi ene 0.0109% 0. 0003% 0. 0004% 0. 0005% 0. 0000%
0. 0000% 2Me- 2, 5- hexadi ene 0. 0000% 0. 0076% 0. 0072% 0. 0068% 0. 0065% 0. 0049%
Tr ans- 2- We0201/07d2kadi ene 0. 0000% 0. 0000% 0. 0000% 0. 000 PETEGBR20BAZI®30007 %
WD 2010/ 070325PCT/ GB2009/ 051693 21 G s-2- Me-2, 4- hexadi ene 0. 0000% 0. 0000%
0. 0000% 0. 0000% 0. 0000% 14

OC (0)R*Y, -C(O)R”", -C(0)OR”, -N(R”)R™, -C(O)N(R”)R’®,
SR”?, -C(0)SR” or -C(S)N(R”)R*’® wherein R to R’ each
independently represent hydrogen, unsubstituted or
substituted aryl or alkyl (which alkyl group itself may be
5 unsubstituted or substituted or terminated as defined
herein) or, 1in the case of Rm, halo, nitro, amino or
cyano. The term “Het” thus includes groups such as
optionally substituted azetidinyl, pyrrolidinyl,
imidazolyl , indolyl, furanyl, oxazolyl, isoxazolyl,
10 oxadiazolyl, thiazolyl, thiadiazolyl, triazolyl,
oxatriazolyl, thiatriazolyl, pyridazinyl, morpholinyl,
pyrimidinyl, pyrazinyl, guinolinyl, isoquinolinyl,
piperidinyl, pyrazolyl and piperazinyl. Substitution at
Het may be at a carbon atom of the Het ring or, where

15 appropriate, at one or more of the heteroatoms.
“Het” groups may also be in the form of an N oxide.
The term “hetero” as mentioned herein means nitrogen,

20  oxygen, sulfur or mixtures thereof.

In a continuous process, after a period of, say, a few

months, the efficacy of a sulphonic acid resin may have

25 reduced to about 20% of its efficacy when fresh. This is
often referred to as a “deactivated” resin. However, it

has further been surprisingly found that the presence of a
suitable source of formaldehyde in the present invention
on a “deactivated” resin causes the removal of impurities

30 at a rate similar to that of fresh resin.

Therefore, according to a second aspect of the present

invention there is provided a process for purifying methyl



0. 0000%

Tabl e 4 50C, 1000ppm 1, 1-di met hoxynet hane
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Conmponent Tinme/ mn

0
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15

methacrylate (MMA) comprising contacting liguid MMA having
impurities therein with a sulphonic acid resin, in the
presence of formaldehyde or a suitable source of methylene

or ethylene of formula T as defined below:

where R and R are independently selected from $.-Ciy
hydrecarbong, prefevably, C.-Ci alkyl, alkenvi or arvl as
defined herein, or H, more prefsrazbly, C,-Cio alkyvl, or H,
most preferably, C-C¢ alkyl or H, especially, mathyl or

H:
X ig either O or 3, greferably, O;

n isg an integer from 1 to 104, preferably, 1 to 10, more

)

4 -~
s
<5

preferably I to b, especially,

3
Q

and m is 1 or 2, preferasbly 1, wherein the sulphonic acid

resin is at least partially deactivated.

ITn a particularly preferred embodiment the compound of

formula I iz derived from formaldehvde in the presence of

m

methanol and/or water. In such a case, ne compound of
formutla I may be defined as a suitable scurce of
formaldehyvde. By the term “the sulphonic acid resin is at
least partially deactivated”, it 1s meant that the
efficacy of the sulphonic acid resin has become reduced
(as compared to a fresh resin) due to its prior exposure
to resin contaminants such as those present in a feed

stream being purified such as an impure liquid MMA stream.



0. 0000% 0. 0000% 0. 0000% 0. 0000% 0. 0000% 5 Table 5 30C, 0 ppm

1, 1- di net hoxynet hane Conmponent Tinme/mn 0 5 10 20 40 60

2Me- 1, 5- hweeadioanies28. 0132% 0. 0002% 0. 0002% 0. 0002% 0. 000 2T GE20(10%1 693
2Me- 2, 5- hexadi ene 0. 0000% 0. 0067% 0. 0070% 0. 0065% 0. 0065% 0. 0063%
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Preferably, the at least partially deactivated sulphonic
acid resin has less than 99.9% efficacy as compared to its
efficacy when unused. Preferably, the at least partially
deactivated sulphonic acid resin has less than 99%
efficacy as compared to its efficacy when unused, more
typically, less than 95% efficacy, most typically, less
than 75% efficacy, especially, less than 50% efficacy.

Preferably, the at least partial deactivation refers to
the sulphonic acid resins ability to react with at least
one diene. For example, preferably the at least partially
deactivated sulphonic acid resin has less than 50%
efficacy in reacting with at least one diene as compared

to its efficacy when unused.

According to a third aspect of the present invention there
is provided methyl methacrylate such as liquid MMA having
one or more of the impurities indicated herein which has
contacted a sulphonic acid resin in the presence of

formaldehyde or a suitable source of methyviens or ethvliens

¢

of formula I as defined below:
R°X X

C RO

Mo/ m

I
b -9 | & 3 3 I 3 . Ny ~ ~

where B’ and R are independently se2lected from C.-Ciy
hydrocarbong, prefesrably, €. -Cy» alkyl, alkenvi cr arvl as
daefined herein, or H, more preferably, C,-Cy alkyl, or #H,
most preferably, O -C¢ alkyl or H, especially, methyl or

X iz eithear O or 5, preferably, O:



0. 0000% 0. 0000% Ci s- 2- Me- 2, 4- hexadi ene 0. 0000% 0. 0000% 0. 0000% 0. 0000%

0. 0000% 0. 0000% Table 6 30C, 7000ppm 1, 1-di net hoxynet hane Conponent

Ti me/ m n WO 26101000228 40 60 2Me- 1, 5- hexadi ene 0.0121% 0. OCPOTAGEXI@AG26430. 0002%
0. 0000% 0. 0000% 2Me- 2, 5- hexadi ene 0. 0000% 0. 0064% 0. 0052% 0. 0031% 0. 0009%
0. 0000% Tr ans- 2- Me- 2, 4- hexadi ene
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n is an integer from 1 to 100, preferably, 1 to 10, mcre
creferably 1 to 5, especially, 1-3;

and m is 1 or 2, preferably 1, when in the liquid phase.

5 According to a fourth aspect of the present invention
there is provided a polymer comprising methyl methacrylate
residues, which methyl methacrylate residues have

contacted a sulphonic acid resin in the presence of

formaldehyde or a suitable source of methviene or ethyvlene
10 of formula T as defined below:
R°X X
C RO
Haf m
I
where R and R are independently selected from Ci-Cip
hydrecarbong, prefevably, C.-Ci alkyl, alkenvi or arvl as
15 defined herein, or H, more preferzibly, Ci-Ciy alkvi, or H,
most preferably, ¢ -C: alkyvl cor H, especially, methyl or
H:

X iz either O oxr 3, preferably, O;

n o ig an integer from 1L to 100, preferably, 1 to 10, more
20 wpreferably I toe b, especially, 1-3;

and w 13 1 oy 2, preferably 1, when in the liquid monomer

phase

Preferably, the impure MMA of the present invention is
25 produced by the condensation of formaldehyde with methyl
propionate. It has been found that the present invention
is particularly advantageous in the removal of impurities

from liquid MMA produced by such a process. Typically, the



0. 0000% 0. 0000% 0. 0000% 0. 0000% 0. 0000% 0. 0000% Ci s- 2- Me- 2, 4- hexadi ene

0. 0000% 0. 0000% 0. 0000% 0. 0000% 0. 0000% 0. 0000% 10 In the absence of

1, 1- di retwoxyrat7bxae t he 2-net hyl -1, 5- di met hyl hexadi en@CragB2déyosie9dneri ses
to 2-nmethyl -2,5- hexadi ene and then slowy converts in part to 2-nmethyl -

2, 4-hexadiene. In the presence of 1, 1-di,nethoxynethane, 15 there is a rapid
renoval of 2-nethyl-2,5-hexadi ene followng the isonerisation process,

wi t hout 2-nmethyl -2,4- hexadi ene being detected in the flask. WO

2010/ 070325PEPPEE2088/ 651693 122 1Table N7 0T, hep PracE M-Cdi et KMy metaaie

8?3888&,”5_ g%gg{)%%q o012 1029, 40, 60, 2, p- DL gREbY1- 1. 37 hexadigna L+Q034%
with methyl propionate in the presence of a suitable basic
catalyst and, optionally, methanol, to prevent acid

5 formation. A suitable basic catalyst for the condensation
reaction is an alkali metal doped silica such as Caesium
on silica(Cs'/Si0;). In such cases, the silicas that may
be employed are preferably porous high surface area
silicas such as gel silicas, precipitated gel silicas and

10 agglomerated pyrogenic silicas. Preferably, the alkali

metal is present in the silica catalyst in the range 1-

10%w/w (expressed as metal).

All of the features contained herein may be combined with

15 any of the above aspects and in any combination.

The invention will now be illustrated by the following

examples and with reference to the figure in which:-

20 Figure 1 is a graph of divinylketone removal with respect

to formaldehyde feed.

ExamEles

25 Example 1

100g of water wet Lewatit 2314 strong sulphonic acid ion
exchange resin supplied by Lanxess was washed by allowing
methanol to flow down a glass column packed with the resin
30 at a rate of 1 bed wvolume per hour until the eluent,
initially brown, became colourless to the eye. It was
then washed with pure MMA until the concentration of

methanol fell to 100 ppm. 20g of such resin was placed in



0. 0027% 0. 0035% 0. 0034% 2, 5- Di et hy1- 2, 4- hexadi ene 0. 0000% 0. 0000% 0. 0000%
0. 0060% 0. 0054% 0. 0044% 5 Table 8 30C, 7000ppm 1, 1-di nmet hoxynet hane
ConponentwOizas/amwizs 0 5 10 20 40 60 2,5-di net hyl-1, 5- hexadiBn®/319669%

0. 0023% 0. 0024% 0. 0027% 0. 0023% 0. 0025% 2, 5- Di et hy1- 2, 4- hexadi ene 0. 0082%
0. 0068% 0. 0039% 0. 0018% 0. 0000% 0. 0000%,

a 3 necked round bottomed flask equipped with a magnetic
stirrer follower, a thermometer and a water cooled reflux
condenser. 50 ml of a sample of pure MMA to which 100ppm
of 2-methyl-1,5-hexadiene had been added was placed in the
5 flask. The flask was placed in a preheated o0il bath and
samples taken by pipette from the flask at defined
intervals. The same batch of resin was used for each
experiment. Samples were analysed on a Varian GC equipped
with a CPSil 1701 capillary column. The 2-methyl-1,5-
10 hexadiene isomerised rapidly to form 2-methyl-2,5-
hexadiene This component then disappeared very slowly to
form 2-methyl-2,4-hexadiene. The experiment was run three
times, at 70°C, 50°C and 30°C. The wt%s of each component

are shown in tables 1, 3 and 5.

15
Example 2
Example 1 was repeated, but in this case 1000 or 7000ppm
of 1,1-dimethoxymethane was added to the MMA solution
20 before heating. The wt%s of each component are shown in
tables 2, 4 and 6.
Example 3
25

Example 1 was repeated except that a mixture of 100 ppm
each of 2,5-dimethyl-1,5-hexadiene and 2,5-dimethyl-2,4-
hexadiene were used instead of 100 ppm 2-methyl-1,5
hexadiene. The wt% of each component at three different

30 temperatures is shown in table 7, 9 and 11.

Example 4



Tabl e 950C, Qppm 1, 1-di met hoxynet hane Conmponent Tinme/mn 0 5 10 20 40 60
2, 5-di nethyl-1, 5- hexadi ene 0.0082% 0. 0006% 0. 0009% 0. 0008% 0. 0008% 0. 0011%
2, 5- Di netwo2or/0re328exadi ene 0. 0088% 0.0111% 0. 0119% 0. OPCGRLOGLBOM 0. 0117%
10 15 Tabl e 10 50C 1000ppm 1, 1-di net hoxynet hane Conmponent Tinme/mn 05
10

20

Example 3 was repeated except that 1000 or 7000ppm of 1,1-
dimethoxymethane was added to the MMA solution before
heating.

The wt? of each component at each heating temperature is

5 shown in tables 8, 10 and 12.

Tables 7-12 show the amount of 2,5-dimethyl-2,4-hexadiene
present at different time intervals and different
temperatures both with and without 1,1-dimethoxymethane

10 present.

Table 1 70°C, Oppm 1,1-dimethoxymethane

Component Time/min

0 5 10 20 40 60
2Me-1,5-hexadiene 0.0109% 0.0000% | 0.0000% | 0.0000% | 0.0000% | 0.0000%
2Me-2,5-hexadiene 0.0000% 0.0083% | 0.0072% | 0.0052% | 0.0031% | 0.0014%
Trans-2-Me-2,4-
hexadiene 0.0000% 0.0005% | 0.0019% | 0.0022% | 0.0027% | 0.0025%
Cis-2-Me-2,4-
hexadiene 0.0000% 0.0000% | 0.0000% | 0.0000% | 0.0000% | 0.0000%

15 Table 2 70°C, 1000ppm 1,l-dimethoxymethane

Component Time/min

0 5 10 20 40 60
2Me-1,5-hexadiene 0.0117% 0.0007% | 0.0004% | 0.0005% | 0.0005% | 0.0006%
2Me-2,5-hexadiene 0.0000% 0.0054% | 0.0027% | 0.0011% | 0.0009% | 0.0006%
Trans-2-Me-2,4-
hexadiene 0.0000% 0.0000% | 0.0000% | 0.0000% | 0.0000% | 0.0000%
Cis-2-Me-2,4-
hexadiene 0.0000% 0.0000% | 0.0000% | 0.0000% | 0.0000% | 0.0000%

Table 3 50°C, 0 ppm 1,l-dimethoxymethane

Component Time/min

0 5 10 20 40 60
2Me-1,5-hexadiene 0.0109% 0.0003% | 0.0004% | 0.0005% | 0.0000% | 0.0000%
2Me-2,5-hexadiene 0.0000% 0.0076% | 0.0072% | 0.0068% | 0.0065% | 0.0049%
Trans-2-Me-2,4-
hexadiene 0.0000% 0.0000% | 0.0000% | 0.0001% | 0.0003% | 0.0007%




20 40 60 2,5-dinethyl-1,5- hexadi ene 0.0057% 0. 0013% 0. 0016% 0. 0015%

0.0017% 0. 0016% 2, 5- Di net hyl- 2, 4- hexadi ene 0. 0064% 0. 0090% 0. 0071% 0. 0047%

0. 0018% OwWOQaBRE703Rabl e 11 70C Oppm 1, 1- di net hoxynet hane PCTXEB2009/051693
0 5 10 20 40 60
2,5-di methyl-1, 5- hexadi ene 0.0024% 0. 0095% 0. 0006% 0. 0006%
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Cis-2-Me-2,4-
hexadiene 0.0000% 0.0000% | 0.0000% | 0.0000% | 0.0000% | 0.0000%
Table 4 50°C, 1000ppm 1,1l-dimethoxymethane
Component Time/min
0 5 10 20 40 60
2Me-1,5-hexadiene 0.0111% 0.0000% | 0.0000% | 0.0000% | 0.0000% | 0.0000%
2Me-2,5-hexadiene 0.0000% 0.0062% | 0.0047% | 0.0031% | 0.0014% | 0.0008%
Trans-2-Me-2,4-
hexadiene 0.0000% 0.0000% | 0.0000% | 0.0000% | 0.0000% | 0.0000%
Cis-2-Me-2,4-
hexadiene 0.0000% 0.0000% | 0.0000% | 0.0000% | 0.0000% | 0.0000%
Table 5 30°C, 0 ppm 1,l-dimethoxymethane
Component Time/min
0 5 10 20 40 60
2Me-1,5-hexadiene 0.0132% 0.0002% | 0.0002% | 0.0002% | 0.0002% | 0.0001%
2Me-2,5-hexadiene 0.0000% 0.0067% | 0.0070% | 0.0065% | 0.0065% | 0.0063%
Trans-2-Me-2,4-
hexadiene 0.0000% 0.0000% | 0.0000% | 0.0000% | 0.0000% | 0.0000%
Cis-2-Me-2,4-
hexadiene 0.0000% 0.0000% | 0.0000% | 0.0000% | 0.0000% | 0.0000%
Table 6 30°C, 7000ppm 1,l-dimethoxymethane
Component Time/min
0 5 10 20 40 60
2Me-1,5-hexadiene 0.0121% 0.0007% | 0.0002% | 0.0002% | 0.0000% | 0.0000%
2Me-2,5-hexadiene 0.0000% 0.0064% | 0.0052% | 0.0031% | 0.0009% | 0.0000%
Trans-2-Me-2,4-
hexadiene 0.0000% 0.0000% | 0.0000% | 0.0000% | 0.0000% | 0.0000%
Cis-2-Me-2,4-
hexadiene 0.0000% 0.0000% | 0.0000% | 0.0000% | 0.0000% | 0.0000%

In the absence of 1,l1-dimethoxymethane the 2-methyl-1,5-

dimethylhexadiene rapidly isomerises to 2-methyl-2,5-

hexadiene and then slowly converts in part to 2-methyl-

2,4-hexadiene.

In the presence of 1,1-dimethoxymethane,

there is a rapid removal of 2-methyl-2,5-hexadiene

following the isomerisation process,

hexadiene being detected in the flask.

without 2-methyl-2,4-




0.0010% 0. 0012% 2, 5- Di met hy1- 2, 4- hexadi ene 0.0042% 0. 0133% 0. 0131% 0. 0124%
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Table 7 30°C, Oppm 1,1-dimethoxymethane
Component Time/min
0 5 10 20 40 60
2,5-Dimethyl-1,5-
hexadiene 0.0034% 0.0000% | 0.0049% | 0.0027% | 0.0035% | 0.0034%
2,5-Dimethyl-2,4-
hexadiene 0.0000% 0.0000% | 0.0000% | 0.0060% | 0.0054% | 0.0044%
5 Table 8 30°C, 7000ppm 1,l-dimethoxymethane
Component Time/min
0 5 10 20 40 60
2,5-dimethyl-1,5-
hexadiene 0.0069% 0.0023% | 0.0024% | 0.0027% | 0.0023% | 0.0025%
2,5-Dimethyl-2,4-
hexadiene 0.0082% 0.0068% | 0.0039% | 0.0018% | 0.0000% | 0.0000%
Table 9 50°C, Oppm 1,l-dimethoxymethane
Component Time/min
0 5 10 20 40 60
2,5-dimethyl-1,5-
hexadiene 0.0082% 0.0006% | 0.0009% | 0.0008% | 0.0008% | 0.0011%
2,5-Dimethyl-2,4-
hexadiene 0.0088% 0.0111% | 0.0119% | 0.0118% | 0.0120% | 0.0117%
10
15 Table 10 50°C 1000ppm 1,1-dimethoxymethane
Component Time/min
0 5 10 20 40 60
2,5-dimethyl-1,5-
hexadiene 0.0057% 0.0013% | 0.0016% | 0.0015% | 0.0017% | 0.0016%
2,5-Dimethyl-2,4-
hexadiene 0.0064% 0.0090% | 0.0071% | 0.0047% | 0.0018% | 0.0013%
Table 11 70°C Oppm 1,1-dimethoxymethane




0.0027% 0. 0014% 0. 0009% 0. 0006%

the rapid

| sonerisation of 2,5-dinethyl-2,5-hexadiene to 2, 5-

di met hy1-wp2etvaweitsene is foll owed by a very sl ow decay Pefi/GH2e0Y 1698 .

1, 1- di met hoxynet hane i s present

2,5-dinmethyl-2,4- 10 hexadiene to a different product. The first order r
constants for decay of 2-nethyl-2,5- hexadi ene and
2,5-dinethyl-2 4-hexadiene are listed in the table 13 for each of the
condi ti ons. | CoAPPENt0/ 070325EPCT/ GR2009/ 051693 24 Ahe 13
FirstOderRateConstant s-1| [101- di methoxynmetHhne]/ pd m B0C4&0C|70@0
r at econstant%ﬁﬁﬁ“qﬂé’bﬁof 2- e th)6 - 2.5-hexadi ene 0 0.0015 p. 007 0/0325 1
0. 0367 0. 114hexadigrsy o _os81| 0.0024% 0.0005% | 0.0006% | 0.0006% | 0.0010% | 0.0012%
2,5-Dimethyl-2,4-
hexadiene 0.0042% 0.0133% | 0.0131% | 0.0124% | 0.0104% | 0.0096%
Table 12 70°C 1000ppm 1,1-dimethoxymethane
Component Time/min
0 5 10 20 40 60
2,5-dimethyl-1,5-
hexadiene 0.0027% 0.0013% | 0.0010% | 0.0008% | 0.0007% | 0.0003%
2,5-Dimethyl-2,4-
hexadiene 0.0049% 0.0050% | 0.0027% | 0.0014% | 0.0009% | 0.0006%
5 In the absence of 1,1-dimethoxymethane the rapid
isomerisation of 2,5-dimethyl-2,5-hexadiene to 2,5-
dimethyl-2,4-hexadiene is followed by a very slow decay of
the latter. When 1,1-dimethoxymethane is present in the
solution there is a rapid decay of 2,5-dimethyl-2,4-
10 hexadiene to a different product.

The first order rate constants for decay of 2-methyl-2,5-
hexadiene and 2,5-dimethyl-2,4-hexadiene are listed in the

table 13 for each of the conditions.

5 In the absence of 1, 1-dinethoxynethane

When
in the solution there is a rapid decay of

ate

000



rat econst ant sf or decayof 2, 5- di net hyl-2, 4- hexadi ene 0 0.0003 0.0063 0.0003
1000 0.0365 0.0812 7000 0.0878 5 Therefore, the addition of

1, 1- di retwoxyret7bxzae has a |l arge i npact on the rate of ®€TaB2SNI5169r t he
2-met hyl 2, 5- hexadi ene and 2, 5-di net hyl- 2, 4- hexadi ene. Exanple 5 10 Two
Lewatit 2431 resin sanples were used: A.Fresh Resin 15 This was prepared by
washing the resin with nmethanol containing 200 ppm hydroqui none (HQ and
then pure MVA containing 100 ppm HQ Used Resin 20 A sanple which had been
exposed to a continuous flow of inpure MVA over a period of 12 days was
used. The i%%#r%ngﬂ was derived froma process generating MVA by a WO
2010/ 070325P } 2009/ 051693 25 condensati on reacti on between net hyl

propi onate and fornal dehyde. The two sanples were tested with a reaction

m xt ure of

First Order Rate Constant

S—l

[1,1- 30°C 50°C 70°C
dimethoxymethane] /pp

m

rate constants for | 0 0.0015 0.007 0.0325
decay of 2-methyl- | 1000 0.0367 0.1147
2,5-hexadiene 7000 0.0581
rate constants for | 0 0.0003 0.0063 0.0003
decay of 2,5- 11000 0.0365 0.0812
dimethyl-2,4- 7000 0.0878

hexadiene

5 Therefore, the addition of 1,l-dimethoxymethane has a
large impact on the rate of decay both for the 2-methyl
2,5-hexadiene and 2,5-dimethyl-2,4-hexadiene.

Example 5
10

Two Lewatit 2431 resin samples were used:

A Fresh Resin

15 This was prepared by washing the resin with methanol
containing 200 ppm hydroquinone (HQ) and then pure MMA
containing 100 ppm HQ.

B Used Resin

20
A sample which had been exposed to a continuous flow of
impure MMA over a period of 12 days was used. The impure

MMA was derived from a process generating MMA by a



5 inpure MVA and containing the levels of cis and trans-2-

nmet hyl - 2, 4- hexadi ene shown in the table and 100 ppm HQ using the nethod of
exanpl e Iweardiet7088C. The concentrations of each PpeaiB280%958693hown in
table 14 10 bel ow. WO 2010/ 070325PCT/ GB2009/ 051693 26 Ti me of

Exposure/ m nutes CE 0.0000% 0.0000% %OOM 0.0000% 0. 0000% 0. 0000%
0.0000% @z 0.0000% 0.0000% 0.0007% 9%E000.0 0. 0000% 0. 0000% 0. 0000%

0. 0000% 9%ZOOM ' YO01.000.0 991.00.0 0.0007% 0. 0000% 0. 0000% 0. 0000% 0. 0000%
condensation reaction between methyl propionate and

formaldehyde.

The two samples were tested with a reaction mixture of

5 impure MMA and containing the levels of cis and trans-2-
methyl-2,4-hexadiene shown in the table and 100 ppm HQ,
using the method of example 1 and at 50°C:

The concentrations of each species are shown in table 14

10 below.



C

CD

' YO1. 000. 0 0. 0000%

0. 0008% 0. 0000% 0. 0000% 0. 0000% 0. 0000%
heXadi ene t-2- Me-2, 4-

%ZZ00.0 0.0014% 0. 0008% 0. 0004%
C-2-Me-2,4-

' YO1.000.0 0.0021%

hexadi ene

%E000. 0

YEO00. 0 OWOQ40N670328E00. O 0. 0040% 0. 0041% 0. 0015% 0. 004 1PCO/EK20EH651693

LC) 0.0004%

\

t-2-Me-2,4-

%0000°0 | %0000°0 | %0000°0 | %0000°0 | %0000°0 | %SL000 ausipexay | sueyswAxoypwiq | UuISsy
-¥'2-8N-2-0 -1'1 wddoooL+ | pesn
%0000°0 | %0000°0 | %0000°0 | %00000 | %L000°0 | %L¥00°0 (susipexsy
-p'2-0IN-Z-
%0000°0 | %0000°0 | %0000°0 | %0000°0 | %¥000°0 | %SL000 ausipexay | sueyswAxoypwiq | UuISsy
-¥'2-8N-2-0 -1 wddoooL+ | yssid
%0000°0 | %0000°0 | %0000°0 | %0000°0 | %8000°0 | %L¥00°0 (susipexsy
-p'2-0IN-Z-
%L000°0 | %E000°0 | %Z0000 | %80000 | %¥L000 | %0¥00°0 ausipexay | sueyswAxoypwiq | UuISsy
-¥'2-8N-2-0 -1} wddo | pesn
%2000°0 | %20000 | %9L00°0 | %LZ00°0 | %2Z200°0 | %SE00°0 ausipexay
-p'2-0IN-Z-
%0000°0 | %0000°0 | %L000°0 | %L0O000 | %E000°0 | %0¥00°0 ausipexay | sueyswAxoypwiq | UuISsy
-¥'2-8N-2-0 -1} wddo | ysel4
%0000°0 | %0000°0 | %0000 | %¥0000 | %LLO00 | %SE00°0 ausipexay
-p'2-0IN-Z-
0¢ 0z 0l G 4 0
solnuiw/ainsodx3 Jo swi]
FT ©Tdel




hexadi ene c-2-Me-2,4- hexadi ene t-2-M-2,4- hexadi ene) c-2-M-2,4-

hexadi ene t-2-Me-2,4- hexadi ene) c-2-M-2,4- hexadi ene Qopm 1, 1-

D nmet hoxywotzhewigoidpm 1, 1- Di net hoxynmet hane +1000ppm 1, PCTOBRRAMSK69AEL hane
+1000ppm 1, 1- Di net hoxynet hane Fresh Resin U SOH pasn Fresh Resin C
CD(i) COCD D Ct WD 2010/ 070325PCT/ GB2009/ 051693 27 The change in
concentration of the 2-nethyl hexadienes with tinme is conplicated by their

being in equilibriumin the presence of the acidic ion exchange resin.
Therefore, fhe coneBAEr dfi oASREPRERE tditehest wehe addedthy lexsiate e 5

decay kineticsy Lt was f Wfihﬂgté$%§ ﬁ@@?knsgiﬁgn%m@@mq%ifu@d lin
approxi mately exponentially wth tinme.” The first order rate constants
derived fromhtherewencesiods,thw leiand wionhewchadded rfeerimal ddinede foort,ai ni ng
Spect es aret%goggnhgnE%gkgo%% %%l%ﬂé %genes were added to examine the
5 decay kinetics. It was found that their combined
concentrations fell approximately exponentially with time.
The first order rate constants derived from the two
resins, with and without added formaldehyde containing

species are shown in table 15 below:

10

Table 15

Kinetic Comparison Fresh Resin Used Resin

Nol,1-

dimethoxymethane 0.5 0.09

Added 1, 1-

dimethoxymethane 0.8 0.9

Over the fresh resin, there was an approximately 50%

increase in rate of removal on addition of 1,1-
15 dimethoxymethane. Over the resin that had been used

previously, the rate of removal in the absence of 1,1-
dimethoxymethane was very low, only 17% of that on the
fresh resin. However, there was a ten fold increase in
activity on the used resin 1in the presence of 1,1-
20 dimethoxymethane, such that the activity was as good as

that on the fresh resin.
This experiment demonstrates that addition of formaldehyde
is particularly effective on partially deactivated acidic

25 ion exchange resins.

Example 6



Tabl e 15 Kinetic Conparison Fresh Resin Used Resin No 1, 1 -

di met hoxynet hane 0.5 0.09 Added 1, 1- dinethoxynethane 0.8 0.9 Over the
fresh reswo20tgorswas an approxi mately 50% i ncrease i nPCAtGB2009/05e698val on
addition of 1,1- 15 di met hoxynmet hane. Over the resin that had been used
previously, the rate of renoval in the azkésence of 1,1- dinethoxynethane was
very low, only 17% of that on the fresh resin. However, there was a ten
fold increase in activity on the used resin in the presence of 1,1- 20

di met hoxymefhaf@ P sgckh it HAAt KerdAIVIRY WS ad' Yobl2asS tha@etdy litte ¥1esh
resin. Thi [ t n -tha it for S
particul arl ?ezfa?g%?ievg%gn Ogglg% EHP?& zaltg{éi %éltqgg O?(??ﬁ} %Fozg%%?aexc a(ra]dgée
resins. Exaaplledfiid W<2018/ G76825PCH GBR2009405E693 28 Aa sanpl enoh NNA

containing cis.and trans 2-nethyl-2,4- hexadi ene . and other inpuriti and
T00ppm HO wat 0550 FEEEN [T N Bk eF E act T KGR BEd CoP “E6G ras i A n' & 0. 5
inch OD stairnleess) s eeh tkeatdtHraat uatBBSRREr & Lvdr esstd € daged0€ime Hre flow
rate was adjusted to give a residence tinme of 31.7 mnutes. After the feed
was introduéed, Theusarpl es*iicte thed tfeof Pafesndénce ceicmes Nsefer Isdnpl es
were coll ec n I d.,Th nal.ysi f e iL.ne Is and
trans 2-net (ﬁiy%l%g g?g?t?ret¥§§l h%xa]g? gggei){l?eioglc%érr%arkg%%k%hdsti@%]?r gofaetre%d MVA
cont ai ni ng sbiléantied t able a1l yseD 2010E0ZB2ERPECT £ GBZ009A 851683 13@&:dThi s

experinment denonstrates that there is no difference be n whet her the

Formal dehydd o8 L5dded Gs® 1Y HERBENGRREPHANG: Ge ORI T A 0 e 15

net hanol p ¢ peppagueoys thormal dehyde el eam BrP@MI® Gtream in table
le6.

15



A bed of 750mL of Lewatit 2431 Acidic |Ion Exchange Resin was used for
treating inmpure MVA containing various 10 inpurities and 100ppm

hydr oqui rwoeor#78328bi | i ser at a flow rate of 600g/ hour. PT&GH2D@051ES

mai ntai ned for 62 days. During the fi29st 62 days, the average feed and exit
conpositions in ppmfor various inpurities and fractional conversions are
shown in table 17 for a fornmal dehyde feed 150f 17.5ppm Table 17 Feed Exit
Conversi on |sobutyral dehyde 96.1 37.4 61.1% Methacrolein 3.2 0.1 96.4%

| sobut anol 50.7 27.7 45.3% Pentenal 8.9 0.2 97.4% Tol uene 18.9 17.6 7. 1%
Further inpurities were anal ysed after |onger flow periods 20 as shown in
table 18. Table 18
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Day 120-126 Feed Exit Average Conversion Ethylisopropenyl ketone 2.7 0.0
100. 0% WD 2010/ 070325PCT/ GB2009/ 051693 31 Several other conponents require
f or mal delwyoeofomnr702hei r renoval when the resin bed has b@em/GRrerasieyg for a
long tine.Figure 1 and table 19 show that divinyl ketone 5 (DVK) containing
MVA requires over 60ppm of formaldehyde hefore it is conpletely renpved.
Table 19 Tine on Line/ days Contained Fornal dehyd e/ ppm Fracti onal
conversion of Divinyl ketone/ % Tinme on Line/ days Contai ned Formal dehy

de/ ppm Fr act'féfale *E5HVerEt ol RO W 1iye S Kéfake/BeS B3 no difference

between whether the formaldehyde is added as 1,1-
dimethoxymethane, as formalin or as a methanolic non-

aqueous formaldehyde stream.
Example 7

A bed of 750ml of Lewatit 2431 Acidic Ion Exchange Resin
was used for treating impure MMA containing various
10 impurities and 100ppm hydroquinone as stabiliser at a flow
rate of 600g/hour. The flow was maintained for 62 days.
During the first 62 days, the average feed and exit
compositions in ppm for various impurities and fractional
conversions are shown in table 17 for a formaldehyde feed

15 of 17.5ppm:

Table 17

Feed Exit Conversion
Isobutyraldehyde 96.1 37.4 61.1%
Methacrolein 3.2 0.1 96.4%
Isobutanol 50.7 27,7 45.3%
Pentenal 8.9 0.2 97.4%
Toluene 18.9 17.6 7.1%

Further impurities were analysed after longer flow periods

20 as shown in table 18.

Table 18

Average
Day 120-126 Feed Exit Conversion
Ethylisopropenylketone 2.7 0.0 100.0%




67% 121 204 100% 116 32 72% 121 173 100% 116 39 71% 122 162 100% 117 40 82%
122 143 100% 117 44 67% 123 141 100% 118 48 25% 123 144 100% 118 48
WO 2010/070325 PCT/GB2009/051693
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Several other components require formaldehyde for their
removal when the resin bed has been operating for a long
time. Figure 1 and table 19 show that divinyl ketone
5 (DVK) containing MMA requires over 60ppm of formaldehyde

before it is completely removed.

Table 19

Time Fractional Time Fractional

on Contained conversion on Contained | Conversion of

Line/ | Formaldehyd | of Divinyl | Line/ | Formaldehy Divinyl

days e/ppm ketone/% days de/ppm Ketone/%
115 32 67% 121 204 100%
116 32 72% 121 173 100%
116 39 71% 122 162 100%
117 40 82% 122 143 100%
117 44 67% 123 141 100%
118 48 25% 123 144 100%
118 48 59% 124 143 100%
119 53 63% 124 153 100%
119 111 100% 125 147 100%
120 200 100% 125 152 100%
120 207 100% 126 16l 100%

10 Example 8

A fresh ion exchange resin (800ml aliquot) was washed with
methanol to remove water at a flow rate of 0.15 g/ml/h,
until the water content fell to below 0.2 wt3. It was
15 then drained to remove excess methanol and washed with MMA
at the same flow rate until the methanol level dropped
below 0.2 wt5. Two volumes of impure MMA containing

111lppm diethylketone and 320ppm formal-2 (CH3-0-(CH»-0),-



59% 124 143 100% 119 53 63% 124 153 100% 119 111 100% 125 147 100% 120 200
100% 125 152 100% 120 207 100% 126 161 100% 10 Exanple 8 A fresh ion
exchange wo20r/q7828nl al i quot) was washed w t h net hanol PCo/GBR2aoves168at er at
a flowrate of 0.15 g/m/h, until the water content fell to below 0.2 w%
It was 15 then drained to renobve excess t hanol and washed with MVA at the
sane flowrate until the nethanol |evel "dropped below 0.2 wt% Two vol unes

of inmpure MVA containing 111ppm di et hyl ketone and 320ppm formal -2 (CH3-0-
(CH2- 0) 2- WD 20087 D7 0BXSPETE EB20097 BB 1693 832N efiR3)f (et Vit ¥he) t BO 18Ghpm
cont ai ned faqr dehyde), Lo be ysed for the experipent weye it henhl ed
t hrough the rS%n sarrSEIe ate %em?%ln for 80 mMn to reSp ace t}Ee gurgﬁ%\m
with the desesed cempdrendt Thenlr/esim fwas BPamsfrertedreplace the pure
MMA with the desired component. The resin was transferred
5 into a bottle, the bottle was topped up with the impure

MMA sample and the sample was sparged with air through a

cannula to saturate 1it. The bottle was sealed and then
placed in an oil bath at 55°C. Periodically, samples were
collected for analysis. The analysis is shown in table
10 20:
Table 20
Time exposed to Resin in
hours [Diethylketone] /ppm
0.0 111
0.7 103.5
2.5 102.5
3.8 95
4.8 91
5.8 110
6.3 70
8.0 66
9.5 55
11.7 31
14.75 37
15.5 38

Clearly, the process of the invention results in a

15 dramatic reduction in the level of diethyl ketone.

Attention is directed to all papers and documents which
are filed concurrently with or previous to this
specification in connection with +this application and
20 which are open to public inspection with this
specification, and the contents of all such papers and

documents are incorporated herein by reference.



5into a bottle, the bottle was topped up with the inmpure MVA sanple and
the sanple was sparged with air through a cannula to saturate it. The
bottl e wawo=erle2and t hen placed in an oil bath at 55CPCP&IB20eN/0S2dIBY
sanpl es were collected for analysis. The analysis is shown in table 1020:
Table 20 Time exposed to Resin in hours J[.Diethyl ketone]/ppm 0.0 111 0.7
103.5 2.5 102.5 3.8 95 4.8 91 5.8 110 6.? 70 8.0 66 9.5 55 11.7 31 14.75 37
15.5 38 d earl)t/l, the process of the invention results in a 15
dramatic reddcti 6/ i fhthe feaViel T of @ilSHpISSHKet dne. Tt entSRatlifs ditriédt ed to
al | papers ent. s ,ch _ar il ncur{ er Wi r Vi to
this speci fftggh@g%l&l@ﬁ{\ or?\rﬁggti g%c\%m ﬁn?ﬁingoaplglrll %gﬂ %’n é’jngcaiL> 26 a\?\(;]?chaqgfe
open to pubdirevimsperxti endvictth dhils sediife cattiegrns afnd ahg contlends cof al |
such papers _and docurren&.s ar e i ncor por at ed her ei b},/1 reference. .
process so disclosed, may be comblined 1nh any combination,
5 except combinations where at least some of such features

and/or steps are mutually exclusive.

Fach feature disclosed in this specification (including
any accompanying claims, abstract and drawings) may Dbe

10 replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated
otherwise. Thus, unless expressly stated otherwise, each
feature disclosed is one example only of a generic series
of equivalent or similar features.

15
The invention is not restricted to the details of the
foregoing embodiment(s). The invention extends to any
novel one, or any novel combination, of the features
disclosed in this specification (including any

20 accompanying claims, abstract and drawings), or to any
novel one, or any novel combination, of the steps of any

method or process so disclosed.



WD 2010/ 070325PCT/ GB2009/ 051693 33 All of the features disclosed in this
specification (including an y acconpanyi ng cl ai ns, abstract and draw ngs),
and/ or alwoabiwdies2st eps of any method or process so di sECOILRLIOWEYIBE
conbined in any conbi nation, 5 except conbi nati ons where at |east sone of
such features and/or steps are nutually:ﬁxclusive. Each feature discl osed
in this specification (including any acconpanyi ng clains, abstract and
drawi ngs) may be 10 replaced by alternative features serving the sane,
equi val ent or simlar purpose, unless expressly stated otherw se. Thus,
unl ess expresshysstated otherw se, each feature disclosed is one exanple
only of a generic series of equivalent or simlar features. 15 The
invention is not restricted to the details of the foregoing enbodi nent(s).
The invention extends to any novel one, or any novel conbination, of the
features di3dcl odedpirnctds 3 sfepecpt i catyiiory (merchwidi mge @nyc 20 Llaceonfd@id)i ng
clainms, abstract and drawi ngs), or to a navel e, or.any .novel, .

Conbi nat fon. - of CORE ST EpLE of Sy ek HodL b Cprbciis s i B8 JRIT L viss
2010/ 070325PCT/ €B20091n09%693 B4s813006LAI Meili Raxs#t, , i Apraeessiargnad fying
met hyl met hacryl at e(MVA) conprising contacting |iquid MVAhaving inpurities
t herei n wi t hasuPphérirdaacicd veesiat, i nit el presenseustef 6F nakdéehy¢é cord

sui tabl e source_of nethylene or. .-e offorpula, las, defined. below R6 HXt C
|  where P andéfélfhagpéﬁdgféérégtédﬂfrgﬁfcf'ﬁ'f'ggﬁécarbons or H is
eitheror S; n isintegeL from1 to 100; 15and mis 1 or 2. 2A process for
purifying nethyl nethacrylate (MR

R5X X
Cj/ RS
Hrn
10 I

where R and R’ are independently selected from C1-Cp

hydrocarbons or H:

¥ ois either O or &;
n ig an integer from 1 to 10G;
15 and m is 1 or 2.

2 A process for purifying methyl methacrylate (MMA)
according to claim 1, wherein the compound of formula

I is a suitable source of formaldehyde.

20
3. A process for purifying methyl methacrylate according
to claim 2, wherein formaldehyde or the amount of
formaldehyde that can be liberated from a suitable
source of formaldehyde is present in an amount between
25 0.01 and 0.1 weight percent relative to the weight of

liquid MMA.



according to claim1l1, wherein the conpound of fornula | is a suitable
source of fornmal dehyde. 20 3. A process for purifying nmethyl nethacryl ate
accor di ngvoconl@Edizs2, wherein fornal dehyde or the anmounPCoiGH200vBIi@ehyde
that can be liberated froma suitable source of formal dehyde is present in
an anount between 250.01 and 0.1 wei ght percent relative to the weight of
liquid MVA. WD 2010/ 070325PCT/ GB2009/ Og 693 35 4. A process for purifying
met hyl nethacrylate according o claim2 or 3, wherein the suitable source

of formal deflyde?i STLEIER P rowt 15117 nBERBXYNBEREAET YRPGRer TOrIFRING of
formila CH3-0- (GD-0L1:(8 WAST & | =210k DT Enefl OLHRLLR 101 UM XLUEE o ¢
conprising formal deﬁy e, nethanol and nethyl propionate. 5. A process for
purifyi ng met hylf ometehaemyidet el accoride mge tio famyn pt et ediing tdlcadyme tiiteerssi N t he

f or mal dehyde or. source thereof i 1 xed. W the jppure lLiquid MVA .1Qprior
o contact ai hoLRECHESRORIE dtt dEPECRAS Bt A pl GEBRL r G PR rig et hyl
nethacrytate aceordi i te cl aidn-h.a Wherebn inza centi AUOUS Afomprising

sem -continuous process, an inpure liquid MVA streamis mxed with a stream
cont ai ni ng the fermaldenyde omncssareeé eRer BeLhYSt BrPBAATETE0MDI ned |iquid
stream pri ok to,C f. WM t nj Ld i A eS8 r

puri fying mgt'hyfA %g%ora]c%csrsyléa({}e g@%%?%?%g hE AL gégﬁg?%yé?tvemg%%n t rjego

f or mal dehyde i stichearef opeepresent dlmian anbantibettieenfOrfidlded valel onei ght

20percent in the conbined liquid stream, 8. A process for purifying nethyl
Tethacr yl at 6 acS6PdiTy TP ER précdit Agtclith | Wher e THe f bR iRyt

source ig al terpatbveky ebnadditi,9nal knepeeseRbnas apiympueihy in the MVA
25 9. A process for purifying nmethyl methacrylate according to claim 8,

wher ei n t he Si-npér P das s HeoMMRLE 5T Y prgrane 2hyEHReOhacCM2 a0 2a0H3)dingl0. A
process for Pur%fy%@%i%?%hy%hg%%hgpﬁ%l%F%o%%ﬁ.ngggor semi-HM Qﬁ%@dlng
claim wherein the purification 3 process of 'the i nvention is perforned at
a tenperature betweens25sandid®ft: LilguhAdproeess ferm pik i hykag methyla

nmet hacryl ate according o any preceding claim wherein at |east one WO
2010/ 070325PCT/ &82669Y G@I}é@éf@@%aw@x%ﬂr@%e@y@?t e?Ti SOHFS6 eSS in

the purificationoprecess. cLdniNRr AGess of Qi Uk fWiing: MRt hy, Rthagry] ate
according to claim 11, wherein in a continuous or sem - 5 continuous
process the at FteastudréocarbexyHi ccacihd ester is already present in the

i mpure i qui7d I\/IXApsrt ream pfroiror to.contact | t? %hghsul 5 or%iec aacci dr iensi n.
13. A process for pL?r Iefsygl ng me]?lﬁy]r %e?%ac?%é e'qceord n& to anCyO pr ecedi ng
claim wherein the tDpumitées Wrav€ean the formaldehyde is therefore
present in an amount between 0.01 and 0.1 weight
20 percent in the combined liquid stream.

8. A process for purifying methyl methacrylate according
to any preceding claim, wherein the formaldehyde
source is alternatively or additionally present as an
impurity in the MMA.

25 9. A process for purifying methyl methacrylate according
to claim 8, wherein the impurity in the MMA is formal-
2 (CH3-0-(CH»-0)>-CHs) .

10. A process for purifying methyl methacrylate according

to any preceding claim, wherein the purification
30 process of the invention is performed at a temperature
between 25 and 100°C.

11. A process for purifying methyl methacrylate according

to any preceding claim, wherein at least one



10boi ling point within 15C of MVA. 14. A process for purifying nethyl

nmet hacryl ate according to any preceding claim wherein the inpurities are
sel ect ed woamo/gozzbut yr al de hyde , either as isobutyral #emGBo@vosiLe3a
conmpound whi ch regenerates 15 isobutyral dehyde when exposed to the

sul phoni c acid ion exchange resin, optionally substituted C6-C20 tri enes,
optionally substituted unsaturated al dehydes and ketones, divinyl ketone,
et hyl vinyl ketone, diethyl ketone, ethyl isopropenyl ketone, 3-nethylene
201- hexen- 4- oneCadt WAk r-6iCei 3 1idsoBttahdl ,1% ol aéhe, andepentlenals sidiéh as

3-pentenal . 15. ﬁrQ%Q%ﬁ§§OBO§rBH%EEYing met hyl nethacryl ate according to
any preceding cPa|n1 ereinthe process is carried out in the presence of

at | east onéZsub”t ablee25stiabi | prerfyity Aephedessthecryguritkyiang artimd

nmet hacrylate (MVA) c rising contacting |iquid MVA having inpurities
therein wi th a S phr EMadi d r G4 Rr St He presSAES ot f BPmalderyis or a
sui t abl es sour cecehtARiylere es3Dethle ene okabkermia taapodefiined ool ow
WO 2010/ 070325PCT/ GB2009/ 051693 37 .66 where R- and R are independently

sel ected from CESCEX hj@lr cclai oAy 8resi8NX 18 ditheimpugre 3tiguiig ARIA
integer from1l X i r..2: -wherein_th L. phani. i.d_resin
is at |east par%?é%%%‘Hggggi3§t§8$t%?twgﬁﬁ®|%ﬁgtﬁ§%§$ﬁgﬁg %gﬁﬁfgggqu a
process accandi Ag trocarps dforcl minbfiid®. méOh{8® Acpbbymell atenprdsimy met hy
met hacryl ate resi dues, whi ch nethyl netha%r | at e _resi.dues have contacted a
sul phoni ¢ acid FEsPRY PHHE Dries T ?Heﬁéﬂe189u§l§&ﬁFa ¢ sSur ce

of methypene orpethyhgngoehelofiennul asicasrdefianed bel ow R5x |

14. A process for purifying methyl methacrylate according
to any preceding claim, wherein the impurities are
selected from isobutyraldehyde, either as
isobutyraldehyde or in a compound which regenerates

15 isobutyraldehyde when exposed to the sulphonic acid
ion exchange resin, optionally substituted Cs—Cyg
trienes, optionally substituted unsaturated aldehydes
and ketones, divinyl ketone, ethyl wvinyl ketone,
diethyl ketone, ethyl isopropenyl ketone, 3-methylene

20 l-hexen-4-one, methacrolein, isobutanol, toluene, and
pentenals such as 3-pentenal.

1%. A process for purifying methyl methacrylate according
to any preceding claim, wherein the process is carried
out in the presence of at least one suitable

25 stabilizer.

16. A process for purifying methyl methacrylate (MMA)

comprising contacting ligquid MMA having impurities

therein with a sulphonic acid resin, in the presence

of formaldehyde or & suitable zource of methvlense or
30 ethviens of formula I as defined below:
R°X X

C;/ RS
H m
I



where R5 and RD are independently selected from CH5-C16: hydrocarbons or
20X is either O or S; nis an integer froml to fl)fl; and mis 1 or 2;

when in twe 20ioadatsphase. PCT/GB2009/051693
37
where R° and R® are independentliy selected from C;-Cypy

hydrocarbons oxr H;

18 an integer from 1 to 100;
5 and m i1is 1 or Z; wherein the sulphonic acid resin is

at least partially deactivated.

17 Methyl methacrylate purified by a process according to

any of claims 1-16.

10
18 A polymer comprising methyl methacrylate residues,
which methyl methacrylate residues have contacted a
sulphonic acid resin in the presence of formaldehyde
or a suitablie source of methvliene or ethylene of
15 formala I as defined below:
R°X X
C RO
Haf m
I
where B’ and R are independently selected from Ci-Cps
hvdrocarbons or Hy
20 X is either O or §;

n oig an integer from 1 to 100:

~

and m is 1 ¢r Z; when in the liquid phase.



