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The invention relates to a process for preparing reﬁned acrylic esters comprising distilling an acrylic ester containing stream in the |
presence of a phenolic inhibitor and oxygen. The invention relates in particular to purified methyl methacrylate prepared from propyne.




20 their preparation. The various nethods f i ng
acrylic est%?g&éﬁ“gﬁ di scussed in detail in volume 1 O?E?%G#)@B!r'{h

edition of the Kirk-Q hnmer Encycl opedi a of Chem cal Technol ogy (pp.
287- 314, in particular Fig. 1 on p. 296). The sane refer- 25 ence
provi des a typical process for preparing acrylic . esters by
esterification (pp. 301-302, Fig. 4) wherein acrylic acid, alcohol
and a catalyst are fed to an esterTftcation reactor. The
esterification products, : acrylic ester, excess alcohol and water of
esterifica- 30 - tion, are taken overhead fromthe distillation colum..
The process uses addltlonal wash and distillation col ums WO

96/ 06066 - . PROCESS FOR PREPARING RERINEIpFSIRIFIUG ESTERS

- 2- to yield a refined acryllc ester. To n1n|n12e formation

of the acrylic ester oners, ners, etc., mld c ditions
and short reS|dence'¥h?n£$¥ﬁQ;*ﬂ§) ?ﬁﬂﬁtﬁﬁo@gﬂrocess foroggepﬁglng re-
separation SeCtImﬁedla"cwu:hélmeﬁ@rb!?ndigﬂﬁllaﬁlon off aﬁeab%9|1<i%| ester
pol ymeri zation inhibitors are fed o
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polynerlza- ence a i SCUSSES al ternati ve “rout es
to acr yl aiaox@sqr;;r%r} erkienakl vceusbhbutedchydragarbydhorpup,

preferably a hydrogen atom or a methyl group and R2
represents an optionally substituted hydrocarbyl group,
typically an alkyl group such as a methyl group. The in-

10 vention relates in particular to refined methyl acrylate
.and, more'particﬁlarly, methyl methacrylate (hereinafter
MMA) . ' '

Acrylic esters are valuable compounds that readily
polymerize or copolymerize with a wide variety of other
15 monomers. However,'it is difficult to prepare acrylic
esters of sufficient purity, e.g., freed from the corre-
sponding acrylic acid, alcohol or water, without inadver-
tently convertiﬁg part of the acrylic esters into oli-
gomers, polymers or other unde51rable products during
20 their preparatlon.
| The various methods for preparing acrylic esters are
discussed in detail in volume 1 of the fourth edition of
the Kirk-Othmer Encyclopedia of Chemical Technology (pp.
287-314, in particular Fig. 1 on p. 296). The same refer-
25 ' ence provides a. typical process for preparing acrylic
esters by esterification (pp. 301-302, Fig. 4) wherein
acrylic acid, alcohol and a catalyst are fed to an
~ esterification reactor. The esterification products,
acrylic ester, excess alcohol and water of'estérifica-
30 ~ tion, are taken overhead from the distillation column.
The process uses additional wash and distillation columns



corporate a final (series of) distillation colum(s) to - arate
refi ned¥@2¢4606€¢ ester. Indeed, as the alterna- - tPF@m?3ﬁFB§ gi ve
rise to a multitude of difficult to 15 separate side-products,
distillation to separate refined acrylic ester is essential.

The Process Econom cs Program Report No. 11D, enti - ~ tled
METHACRYLI C ACI D AND ESTERS" by SR I nteg national of : January 1993
provi des a thorqugh review of the routes to 20 MVA and net hacrylic
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Report (MVA from propyne propose tRd&FVallium
condi tions thekedstiddsdimnuassiumng. Finallwndnomomethyl detbepoeftion or

pol yneri zat h%rol:;‘ihtn%e%(lo 1003, Iﬁeféléé@sgéftz@ﬁnép 2ddagleyt £800 ppmw

of MEHQ as yneri zation'in h|b|tor'(
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N o ane s B Jbddhck a1a0 saaTeSes (PSRl e IVE" 28t OgnE,
PCT/ EP95/ 0324&ylic esters, based on acetylene, etc., that each in-
corporate a final (series of) distillation column(s) to
separate refined acryli¢ ester. Indeed, as the alterna- ‘
tive routes givé rise to a multitude of difficult.to
15 separate side-products, distillation to separate refined
acrylic ester is essential. - o
The Process Economics Program Report No. 11D, enti-
tled METHACRYLIC ACID AND ESTERS" by SRI Internatibnal of
January 1993 provides a thorough review of the routes to
20 MMA and'methacrylic'acid as well. Concerning MMA purifi-
cation, suggested treatments include distillation,. ex-
traction, and treatment over ion-exchange resins or car-
bon beds. To avoid polymerization during purification,
MMA must not be exposed to high temperatures, and distil-
25 lation is generally done under vacuum and in the presence
| of polymerization inhibitors (pp. 5-4 to 5-5). In section
9 of the Report (MMA from propyne) it is proposed to
distil under vacuum conditions to keep temperatures low
and minimize decomposition or polymerization. In the
30 Report it is suggested to add about 600 ppmw of MEHQ as
polymerization inhibitor (p.9-3). . o
Us-A-4,518,462 discloses a 2 column dlstlllatlon
.process for removing water, methanol and methyl isobu-
tyrate from MMA by using an n-héxane_entrainer._ln the
35 ~examples 0.02% of hydroquinone and 0.03% of phenothiazine



-3 - are used as polynerlzatlon inhibitors in the figs [S-
tillation WOWR66and 5% of hydr oqui none is used in the f&m@ﬁ%‘tg

distillation col um. In Japan Kokai 2-17151 (1990, abstract)
tRe distilla- 5 tion-of inmpure MVA in the presence of 200 ppnw .

4- benzo- qui none plus.800 ppnmw phenot hi azi ne i s descri bed.
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In particular, a process was looked for that allows dis-
| tillation of the product stream of a carbonylation reac-

tion further comprising (i) (residue of) the homogeneoﬁs
catalyst system used to prepare the acrylic ester and

20 (ii) optionally an alcohol corresponding to the alcohol
residue of the aCrylic ester. More in particular, a
process was looked for that allows the distillation of a
product stream of a'carbonylation reaction catalyzed by a
catalyst system based on: (a) a Group VIII metal, prefer-

25 ably Pd; a ligand, preferably a phosphine mono- or biden-
tate ligand, and (c) a source of anions (Reppe Reactions,
see chapter 3 of New Syntheses with Carbon Monoxide by J.
Falbe, ISBN 3-540-09674-4). Such distillations are com~

_ plicated by the presence of these catalyst components as

30 they may induce formation of tﬁe undesired oligomers,
polymers etc. ' ' -

The inventors surprisingly found that these objec-
tives could be achieved by a process for preparing re-
fined acrylic esters by distillation of an acrylic ester

35 containing stream in the presence of a phenolic inhibi- -
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comprlse for instance hydroqulnone (herelnafter HQ) or

2,4,6-trimethylphenol; substituted hydroquinones such as
2,5~-di~tert-butylhydroquinone, 2,Sedimethylhydroqﬁinone,
2-methylhydroquinone, or alkyl ethers (preferably méthyi
ethers) of said_(substituted) hydroquinqﬂe(s); Other
examples-aré given in JP-A~05,320,095, wherein a process
for preparing (meth)acrylic acid ester is described, car-

" ried out by reacting (meth)acrylic acid with alcohol in

20
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the presence of an acidic catalyst and a sOlvent;-using
as polymerization inhibitor an aromatic compound with at

- least one alkyl group and at least two hydroxyl groups

per benzene ring. The suitability of preparing refined
acrylic ‘esters comprising distilling an acrylic ester
containing stream in the preéence of a phenolic inhibitor
and oxygen, however, is not disclosed. -

Benzoqulnone or similar (carbonyl) compounds, al-
though being well-known inhibitors, are not considered
phenolic inhibitors within the definition of the present
pétent application. Indeed, Uszr3,794;567 illustrétes

the use of the polymerization inhibitors benzoquinone and

hydroquinone monomethyl ether as such or in admixture in
the presence of air (or oxygen) in the distillation of
unsaturated acids (acrylic and-methacrylic acid). How-
ever, the present inventors found benzoquinone to be an

unsuitable inhibitor for the distillation of the acrylic

.




| east one al kyl group and at |east two hydroxyl groups r 1Zzene
ring. The sWQW6Pe6ty of preparing refined acrylic es‘f‘é&&’s’lagﬂ
cqnprising distilling an acrylic ester containing streamin the
presence of a phenolic inhibitor 25 and oxygen, however, is not

di scl osed. Benzaqui none or si-mlar (carbonyl) conpounds, al-
t hough bei ng wel |l -known inhibitors, are not. gpnsidered : phenolic
inhibitors within the definiti [

{ Lhe present atent appljcation.
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Table 1 supra), &@hﬁbatiohnlﬁoﬂhéa%hnb@ oFe 2000di0 D0 ppmw, mordligrefer-
pat ent. Apparentl
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: sirable products, or merely 1ncreases the total costs.

The process is in particular suitable for preparing
refined MMA. MMA and other acrylic esters may advanta- _
geously be prepared from acetocyanohydrin, ethene,

15 propionic acid, propionaldehyde, methyl propionate or
propyne using a homogeneous catalyst system. (cf. the SRI
Report mentioned before). |
Hydroquinone and substituted hydroquinones are the
_ phenolic inhibitor of preference in case the catalyst
20 system is based on: (a) a Group VIII metal, preferably
Pd; (b) a ligand, preferably a mono~ or bidentate _
phosphine ligand; and (c) a source of anions (for suit-
able catalyst systems and processes for preparing such
acrylic esters see, for instance, European patent appli-
25 cations Nos. 0,186,228; 0,190,473; 0,194,707; 0,218,283;
0,218,284; 0,386,833} 0,386,834; 0,392,601; 0,441, 44¢6;
0,441,447; 0,489,472; 0,495,547; 0,499,329; 0,521,578;
0,565,199; and 0,571,044). _
It is observed that optimai concentration of phenolic
30 inhibitor depends on the amount of oxygen present, and
vice versa. The higher, respectively lower the concentra-
tion of phenolic inhibitor, the lower, respectlvely
higher is the required amount of oxygen. o
The distillation may suitably be carried out at vac-
35 uum or (super)atmospheric pressures using a distillation
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acrylic ester). Using phenolic inhibitor outside the pre- ferred
range EWO6M6U6ACr cases the formation of the unde- @W@B’P@‘ﬁroducts
or nmerely increases the total. costs. The process is in
particul ar suitable for preparing refined MVA. MMA and ot her
acrylic esters may advanta- geously be prepared from

acet ocyanohydrin, ethene, 15 propignic acid, propional dehyde, nethyl
propi onat e- or propyhe using a honngeneous catal yst system (cf. the
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see, for instance ropean patent | ons 6, 228;°
0,190, 473; Greguced;atoox1eagsthe top Oi)tzl%ckm:lblmm@olmsa 834;
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The distillatiodnmepseuitheblaygrydicaesited containiag ream fumther
(super) at nvggg.s&hse@r 45 UBE hotdlghedul Tdtd13ldt0system and'O £Ff 04066
alcohol corresponding to the alcohol residue of the
) acrylic ester, it is helpful to carry out the process in
15 two steps. For instance, in step (1) an azeotrope of the
alcohol (methanol) and acrylic ester is removed over the
top of a first distillation column (to be recycled if the
process is part of an integrated'proceSS3further compris-
ing a reactor where the acrylic ester is produced). The
20 first bottom product is introduced in step -2 into a sec-
ond distillation column, where heavy ends (oligomers and
polymers) and (the residue of) the catalyst system is re-
moved from the :efinéd acrylate ester over the bottom of
said distillation column and the refined ester is recov-
25 ered over the top of said distillation column. Other con-
figurations, changing the order for removal of the azeo-
trope and the heavy ends, will be apparent to the man
skilled in the art. ' -
It is within the gist of the invention to use a cas-
30 cade of distillation columns (iﬁ series and/or parallel)
| instead of using a single distillation column. A particu-
larly suitable process for remoVing-the'azeotrope'is dis-
closed in European patent application No. 0,571,044 and
(as part of a total process) in Figure 9.1 of the SRI
35 ‘report, page E-25.




¢ol um operating at a botton1tenperature of 60-140 [err]C, .
pr ef er abl yW&9686866nper at ure in the. range of 80-110 [err]C. PCT/EP95/03246
Preferably the phenolic inhibitor is introduced into t he

distillation colum together with the acryllc ester 5 cont ai ni ng
stream In addition or instead, it may be in- troduced at or near
the top of the. distillation colunn - 7 The oxygen may be introduced

advant ageousl y at near  -: botto of the distillatign colum,
i Uher by a sopa. IndSvention mixthet 15 TRERs | EordgRoreEnE0E PREE UM
distilla- 10 . paringpmrefinedsacrylic esters |y casebodhiglatingi aneatety-

contai i ng ot ! SURIUI unsgryrar 69 EhIEIA) r@.@?ﬁggggfgegeggﬁet gLyst

systemand (ii) an corr | CO resi due of
t he acPHAIRYnRSt ¥ith tcalsbcmzlrmmxx@e canrdythet conceppondingi alee-

two stegs. For HdlSt%fFéﬁefa[bP}%ﬁﬂan@I‘ aiﬁoﬁl‘iépﬁr%eﬁéé of -2 catahgghol
(met hanol ) and acr ester 1s removed over_the first

distillation cct 3RA (R yclal 2 1GFeP VIII mebﬂ)ce8§eﬁ§r§§|1ﬁ’ BA7 an
i nt egrated procgss d thicj&ttd,cmférably a momilg 6rredgentavbephokphinerylic

duced he b d d d
> nto 5 beor THandl GR ok 19 40fhad B CRMEERRL, EnnatheERaEa ar: BRRETS
and pol thee sgodunakt ($1tleeamsmfiuthe)f¢arhengha'aignt regstéoni isrproc-
moved ﬁbomthe Slddets aﬁe retfe A4FE O#PéféPEng tﬂggﬁfprocess ssgkd

distillation c um and ned ester 1S rec over the
top of said di sknitegratsd conpehmthak helhe capeotrope stregur serconeredhangi ng

the order for ragyal of the @ﬁéibtep dlstl119@§oﬁn§e€h§ph§§V¥e§Q€a will.
be apparent t°é$¥35§§i1y, also éﬁe catalyé@esyééem recovered from the '
- bottom stream of the second distillation column of the_'
15 two-step distillation set-up is reused.
The invention will be illustrated by the following
model examples.
Example 1
MMA, to which 500 ppmw inhibitor was added, was kept
20 at 80 °C under a flow of nitrogen gas or air (modelling
the distillation conditions). The MMA was analyzed on the
presence of ppmw PMMA (visual detection limit of 500 ppmw
PMMA by observation of haziness using 2 %wt MMA in metha-
- nol, determining the number of days required before PMMA
25 could be detected). The results are set out in Table 1.
From these results it may be concluded that in the pres-
* ence of oxygen, the'phenolic inhibitors showed improved
performance, whereas the performance of p-benzoquinone
decreased in the presence of 6xygen._Most marked improve4
30 ments were found for 2,4,6-triméthylphenol, HQ and MEHQ, '
althohgh "IONOL-K" and "IONOL-CP" (trademarks for 4-
ﬁethyl-z,6-di-tert—butylphenol and 2,4-dimethyl-6-tert-
butylphenol respectively) also performed well in the
presence of oxygen.



It is within the gist of the invention to use a cas- 30 f
?%&F§§®@%$ using a’

di stil | WO%%6068] urms (in series and/or paraIIeI)

single distillation colum.. A particu- - larly suitable process for
renovi ng the azeotrope is dis- cl osed i n European patent
application No. 0,571,044 and (as part .of a total process) in
Figure 9.1 of the SRI 35 report, page E-25. WO 96/ 06066

PCT/ EP95/ 03246 : - -7- - The
i nvention fé?ﬁﬂgigiéaates to a process for pre- paring refined
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: 515). The results are set out in Table 2. From these

results it may be concluded that in absence of the cata-
~lyst system, "IONOL-CP" and "IONOL-K" perform similar to ‘

. HQ and substantially better than MEHQ. However, in the

15 presence of the catalyst system HQ performs substantially

better than the other phenolic inhibitors.
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Table 1

4-methyl-2, 6~di-tert-butylphenol
2,4-dimethyl-6-tert-butylphenol

2,4, 6-trimethylphenol

2,4-di-tert-butylphenol
MEHQ

4-tert-butylcatechol

Inhibitor

HQ

p-benzoquinone

" Table 2

inhibitor

conc.
. (ppmw)

100
100
1000

Pd/PN/MeSA

(molar-ratio)

no additives

:10:5

1
1

10:20

Pd
conc.
(ppmw)

40

40
* trademarks




molar ratio 1:10:5 or 1:10:20 (PN stands for 2-pyridyl- . .
di pheny WR8EPH%E: MeSA stands for net hanesul phonic acid) PCTEPISORAE kept

at 80 [err]C under a flowof 0.1 % Jerr]/Nerr] (nodelling t he
distillation conditions). The feed was anal yzed on 10 ppnw PMVA T
(detection Iimt of 10 ppmv PMVA by GPC anal y- sis). The results
are set out in Table 2. Fromthese - 10 results it may be concl uded that
i n absence o ataa- . | yst system "1 ONOL-CP" and "1 ONCL-K"

' performsim'lfggrra&%ol%——s-’a ' and substantially better than MEHQ However,
in the 15 pPesynthedia Heeashioampnising MIAQ 10 frpme BQbsendt aal |y

2ET) Ehoty 3o SRR SRl miniuig e presdfPSLOCBER po,

PCT/ EP95/ 03246//PN/MeSA in molar ratio 1:10:5 was kept at_80 °C undef,np|e

3 5 a Aloynidfetl.qd fRaedLANps i THOOL M wdOag@iy &khlgnddaon _

ol arratt o PORY SWREL" Il Adsdls® e SepIRILIR rable 5, Fopm thESS "

Jerr/ N err] repud tisedd wmay dgaigongikudeddthat the problem of PMMA

formation is particular great in the presence of the
complete catalyst system. o
10 Example 4 '
A synthetic feed comprising MMA, a variable amount of
HQ, and a catalyst system comprising 40 ppmw Pd,
Pd/PN/MeSA in molar ratio of 1:30:35 was kept at 80 °C {
_ under a flow of 0.1 %v or 20 %v Oj. The feed was analyzed
15 on ppmw PMMA (detection limit of 10 ppmw PMMA by GPC
' analysis). The results are set out in Table 3. From these.
results it may be concluded that the.presence of both 0Oj
and HQ are required, and that to achieve the same result
in PMMA reduction either a (relatively) large amount of
20 ° Op or a (relatively) large amount of HQ may be used.
Example 5 ' .
A synthetic feed was used comprising 83.8 %wt MMA,
15.1 $wt MeOH, 1.0 %wt methyl crotonate, a catalyst sys-
‘tem comprising 10 ppmw Pd (fed as palladium(II) acetate),
25 Pd/PN/MeSA in molar ratio 1:30:35 and 500 or 1000 ppmw
HQ. | i -

The feed was subjected to a two-step distillation
set-up comprising two distillation columns in series,
operating at the following conditions¢'80-100 °C bottoms

30 temperature; air flow in both bottoms'app:oximately 0.3
NL (NL is litre at 1 bar, 20 °C) per hour (0.05-0.1 %v O
in vapour phase); a feed flow of 105 millilitres per hour
(comprising azeotrope 25; MMA 70; heavy ends 10): and
residence times in the bottoms of 3-4 hours in the first

35 distillation column and 25-50 hours in the second distil-



bpmw PMVA. The resul ts are set out.in Table 3. Fromthese Its
‘it may be WOREPEed t hat the probl em of PMVA f or mat |P(§ﬂ'@l’§?5,5£§y
particular great in the presence of the conpl ete catal yst system
10 Exanpl e 4 A synthetic feed conprising MVA, a variable
anount of HQ and a catal yst system conprising 40 ppnw Pd,
Pd/ PN MeSA in nolar ratio of 1:30:35 was képt at 80 [err]C under a
flow of 0.1 9@'£g'ggh9@b£$ﬁﬁr]' The feed was anal yzed 15 on ppmv PMVA

(detection limt of_10 anal ysi s r ts are
set out in Table 3.F ¢9Ww#h%e§%s Pg 9Fq?%§u? lthﬁXygﬁe%88ﬁgpﬁﬁ d%%ﬁit t he
preésence of bot¥MOhefsfmation maynﬂekﬁpdneedeqnlaedpn&udmdwx dmstiﬂﬁaeve

e 2 5o iop, o o EWBLAGHCLEPRS! HiGhed EUAY ALY ded Foung,
Exanpl e 55 ~in the wcsqndhbottomeedduastgséem@nﬁmﬁl@@ h@%vtlﬁ\/IVA
15.1 9%t MeCH, ii}yéffé £oget hedtembar4tureYdn PMMA

conprising 10 ﬁaﬁgyFU ? ed as pall adlurr(e 1) a%etate) 25 sa/PhVNbSA in
mol ar ratio 1:301®%-and 500 or 1000 ppnmw HQ. . The feed
was subj ected tpxamém@ étep distillation set-up conpr|5|ng t wo
distillation colu

erres gpe atin
condi tions: 80-100 %?I b%tvaﬁstgeeate rt ﬁﬁ&?g ¥5Q§ eﬁﬁiﬁxﬁﬁ% 5ot
bottowﬂOapprOX|tnaEIynﬁtéad of a sMhtthlcsfbeﬁMeczmde Mmmdunt[qnqugaqnﬂ

hout (0.05 0.1 saCkELh] an frba  ERBRYReD mhctggfne%gdf% WaslUrsed.

mllilitres per azeOt rope heavy ends
10); and ThlésfgeﬁeetP|Wb3C nSPﬁePBEWtﬁﬁtw@ﬁ adgechyconnrisrd 1 r st
35 distillepi9nggel MR, 208,853k MROES 008! RetSaMydiciddonate,
and catalyst system (10 ppmw Pd, Pd/PN/MeSA mol ratio .
15 1:30:30).

The feed flow amounted to 140 millilitres per hour
(comprising azeotrope 55; MMA 75; Heavy ends 10). The
results (Table 6) illustrate the sultablllty of the
present process.

Table 3

presence of: reaction time PMMA'conc.
Pd | PN ligand |MeSA (days) ' (ppmw)
- - - : 7 <10
+ - - . 7 . <10
- |+ - 7 < 10
- |- o+ ' 7 < 10
+ |+ - 3 : 50
- + + 10 _ < 10
- + 10 < 10
|+ + 1 4800
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mthe resul tsP

It may

distilla- tion to an acceptable level. H gher PWA | evels are fouhd
5 In the second bottons, due to concentration. There is only a
smal | effect of the tenperature on PMVIA ptdduc- tion.
Exanpl e 6 Table 4 Exanplé 5 was repeated, however, with the difference
10 t hat 1 nst eaé of a synffretrc—feed,—Trudeproduct—origrpat -
ing froman MMA_from propyne hroduF¥MANCAREScedRPIMY ised This
feed, to which 500gpPNPpl) Wap addgdl ggnpki sed 20 sv 63. 7 Pt MVA, 25.5
ot MeOH, O. 8[7am TNyl crotpnat e,] —apnd cat al th SysteEm (10 ppnw
Pd, Pd/ PN MeSA ol 2Patio 15 1788980). |  1/8001he fepd flow
amounted to 140 m AbOlitres per hoR;100 - | (conpoi sing azeptrope 55; MVA
75; heavy endp 10) he r lts (Tabj e 6) _illustrate|the
suitability of thezsa _ p'eSEnﬁﬁgrocess. _ < hb Tabl ef 3
presence of: 788ction tipe  PHMA conc. < 10Pd PN || gand MeSA
(days) (PPE¥hO - 100 - < 10 4
< 10 + - <10
_ 1500 < 10 < 10
-Table S _
HQ conc. PMMA conc¢. in lst/2nd column bottoms
(ppmw/ feed) _(ppmw/ppmw)
80 °C 90 °C- 100 °C
500 30 3,100 {< 10 {1,100 |30 {12,500
1000 20 520 <10 [710 40 | 740
Table 6 _
bottoms air flow PMMA conc. in lst/2nd column 'g_
tempera- bottoms (ppmw/ppmw)
ture o :
(°C) (NL per feed st 2nd
__hour) 3 bottom bottom
80 0.5 . 820 1,460 17,600
100 3.0 820 1,060 8,900
100 1.5 820 1,200 11,000
mass balance* | 820 1,250 10,500

* calculated amount of PMMA preseht'in the bottoms if no
PMMA is formed, but merely concentrated.
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740 idtillation Oof an acrylic ester contalnlng stream in the
presence of a phenolic inhibitor, characterized in that
the distillation is carried out in the presence of

L) oxygen. ‘ '
2. A process as claimed in claim 1, wherein the oxygen
is present in an amount of 0.001 to 1.0 %v (cn vapour
phase) . ' .
3. A process as claimed in claim 1 or 2, wherein the
10 phenolic inhibitor is used at a concentration in the

range of 200 to 5000 ppmw, preferably in the range of 500
to 1500 ppmw (based on the acrylic ester).

4. A process as’ clalmed in any one of claims 1 to 3,
wherein the phenolic inhibitor is hydroquinone or an

15 optionally substituted hydroquinone.

5. A process as claimed in any one of claims 1 to 4,

wherein the acrylic ester containing stream further

comprises (i) a homogeneous catalyst system for making
_ methyl methacrylate from acetocyanohydrin, ethene,

20 : propionic acid, propionaldehyde, methyl propionate or
propyne and (ii) optionally an alcohol'corresponding to
the alcohol residue of the acrylic ester.

6. A process as claimed in claim 5, wherein_the catalyst
system is based on: (a) a Group VIII metal, preferably |

25 Pd; (b) a ligand, preferably a mono- or bidehtate_
phosphine ligand; and (¢) a source of anions.

7. rA'process as claimed in any one of claims 1 to 6,
wherein the distillation is carried out in a distillation
coluﬁn operating at a temperature in the range of 60 to

30 140 °cC, preferably at a temperature in the range of 80 to
110 °cC. '
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(NL per feed 1st - hour)

bott om bott om || 1141 sHEETAYAS BEEN él 0.5 | 820 1,460

17, 600 “ 140 HEPLAGED ! 820 - 1,060 8, 900

100 . 1.5 —826 +‘56014 - 11,000 mass bal ance*

820 1,820 2 pro&s@ogs claimed alrf WA 'ﬂ%r@:in PARE ﬁﬁ@ﬁ@ﬂic' n
- the bottoms if_ no PWA is forped, but nerely concentrated

RE V| s E pnhibdéterais gngroduced intp Wﬁ)r%’c%%%l*%\u%eﬁ‘a}%srefl ned
acrylic estetsgether with mnalddnynru1é§teﬁ1@wnwaiﬁlﬁgtstreamtalnlng

streamin th resence..of. a henoI| i bit nd_oxyg
characteri ze |nAtR§PC% § as’clpime é) é; @%ﬁ?ﬁf% ﬁgéstream
furt her phenolic inhibitor is 1ntroduced at or_near the top of

the distillation column.

' 10 A process as claimed in any one of claims 7 to 9,

- wherein the oxygen is 1ntroduced at or near the -bottom of
the distillation column.

10 11. A process as claimed in any one of claims 1 to 10,
wherein the_acryiic ester containing stream further
compriseé (1) a homogeneous catalyst system for making
methyl methacrylate from acetocyanohydrin, ethene,

_ propionic acid, propionaldehyde, methyl propionate or .

15 ‘propyne and (ii) optionally an alcohol corresponding to
the alcohol residue of the acrylic éSter, and the distil-
lation is carried out in two steps whereby in step (1) an

- azeotrope of the alcohol and acrylic ester is removed
over the top of a first distillation column, the first

20 bottom product is introduced into a second distillation
column where heavy ends and the (residue of the) catalyst
system is removed from the refined acrylic esters over
the bottom of said distillation column and the refined
acrylate estér is recovered over the top of said distil-

25 lation column .

' 12. A process as claxmed in any one of claims 1 to 11,
wherein the distillation or .each step of a two step |
distillation.set—up is carried out in a cascade of
distillation columns. .

30 13. A process as claimed in any one of claims 1 to 12,

' wherein the acrylic ester is methyl methacrylate or
methyl acrylate, preferably méthyl methacrylate.
14. A process for preparing refined écrylic esters by
carbonylating an acetylenically unsaturated compound,

35 preferably ethyne or propyne, with carbon monoxide and an
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| i gand, preferabl y a m)n& HePLACEDOSPhi e |igand; and (c) a
source of anions 10 and (| |) opti &a:ai:l::yczaa-'{:ail%h% corresponding to

t he al cohol residue of the acrylic ester; and (2)

wherein the phenolic inhibitor is hydroqul nbPeT 2. A process as

8' gloge'? i 2 8' a/;/aléohwj!?r 9&:@fbﬁb9.>yyg'éithanol, in &he eassderice af aarmata-oL
o] 9 on va ase es
§;§ﬁe§g§§ 3sed ofi] ﬁ?e‘n(?l Groun.. \él[ra‘npélﬁcl dlaesf[&ﬂ'?bi?

inclaim1l or
concentration |Bd'r:he{b) a llgamlng@ndfemm £ yle;of)e ) q;wcteretaatmy in the
range of 500 ghosgh Hife Eq%agl@“rwﬁgqas&g Q stgqf‘r&_pryf ign i€l ) chZPacter-4

A process as cl i n any “one wher ei n. t he

distilldtion isicedriindthat ithey pyosiual aﬁnﬁam °f the GALRRPYIRtLE R ng at a
temperature in tReckagee i3f piddddsed as clthd®rid Gnpraterepoiatna 1
tenperature in the range of [err]C 25 5. A process
as clained in ck& 34, wher e| n the phenol i c i nhi bi tor is introduced
into the distillation colums together with the acrylic ester

contai ning stream 6. A process as clained in claim4 or 5, wherein
t he phenolic inhibitor is introduced at or near the top of 30
the distillation colum.
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74 A proce§§—Q§5éL§¥H%d |n any ome-oﬁuekapnsaﬁ’fo 62" "7 wherein the

oxygen is |ntroduced at Oﬂ ﬂeaF -+ evbmfienTpfg?*ﬁ,,‘ the-distillation

col um. . A process"as eralned i any orie of claims 1 to 7, 5

wher ei containing stream further conprises (i) a
_ homgeqm"ﬂlm!“mu““mtem for making met hyl nethacrylate from

acet ocyanoltydti n* et hene, propi oni c acid, propional dehyde, nethyl -

propi onate or - propyne and (ii) optionally an al cohol corresponding

to 10 t he al cohol residue RiEtViela8rRIDc @shieA IaMdSthe distil-

lation is carried out in tw steps whereby in step (1) an azeotrope

of the al cohol and acryllc ester I s rempved over the top of a first

‘distillation cofum? PRecesssifor preparigg: spfineduacnyd icnessgrsedyi nto a
second distill adigtiliation &H laﬁfla\di@flﬁ.&%%\t)ére'&%t%ﬂ%ﬂd@ﬁ St 48 ¢he

t he) catal yst Sys ved fr, n1the refined acrylic esters
over th& Eﬁ¥?ﬁﬁ¥6ﬁg ﬁi 4§iql¥%h Y9 refined

acryl ate ester icharaemearieshd\ier tihat :t op of sald distil- | ation
colum. 20 e I cl ai to 8,
wherein The disﬁﬁplatlon%%r%% hl%tg n%% goP X?ﬁ@% %tream %ﬁfé |Flat|on

set-up i s carri compytises a(ldagcamm@feneous catgilyst Isaitﬂt@m,cothﬁm&n the
10. A process aga¢la ﬁ/jﬁdéy‘ét@iﬁ/ A g aWec’ I M5 aH ta0<% in the
y

: s,
acrylic ester is net nethacr ate or acrﬁiate pref erably
met hyl net hacr yPxederably Pd a ligand, preferably a mono- or

bidentate phosphlne ligand; and (c) a source of anions

10 and (ii) optionally an alcohol corresponding to the
alcohol residue of the acrylic ester; and %l _

(2) wherein the phenolic inhibitor is hydroquinone.
2. A process as claimed in claim 1, wherein the oxygen
is present in an amount of 0.001 to 1.0 %v {on vapour

15 phase) .

3. A process as claimed in claim 1 or 2, wherein the
phenolic inhibitor is used at a concentration in the
range of 200 to 5000 ppmw, preferably in the range of 500
"to 1500 ppmw (based on the acrylic ester).

20 4. A process as claimed in any one of claims 1 to 3,
wherein the distillation is carried out in a distillation
column operating at.a temperature in the range of 60 to
140 °©C, preferably at a temperature in the range of 80 to
110 °C.

25 5. A process as claimed in claim 4, wherein the phenolic
inhibitor is introduced into the distillation columns
together with the acrylic ester containing stream.

6. A process as claimed in claim 4 or 5, wherein the
- phenolic inhibitor is introduced at or near the top of
30 the distillation column.
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"pcw EP9 mﬁﬂﬂuw“mml o 1s | al cohol ,
prefera he presence of a cata- ,1yst system based

on: (a) a Goup VIII netal, preferably Pd; (b) a ligand, preferably
a nono- or bidentate : phosphi ne |igand; and (c) a source of anions,

character- 5 7  iZedddeddals IR iRlcadue! asiy @Ma Off Qe RORY &tion
reaction is pr %%1eesrsee1n etl:shec lo%clyréee% 'fé air%:ro%%coefd Ca.ltalor:{rB nlear the botto?n of
the distillation column.
. 8. A process as claimed in any one of claims 1 to 7,

5: wherein the acrylic ester containing stream further
comprises (i) a homogeneous catalyst system for making
methyl methacrylate from acetocyanochydrin, ethene,
"propionic acid, propionaldehyde, methyl propionate or
propyne'and (idi) optionally an alcohol corresponding to

10 the alcohol residue of the acrylic ester, and the distil-
lation is carried out in two steps whereby in step (1) an
azeotrope of the alcohol and acrylic ester is removed
over the top of a first distillation column, the first
bottom product is introduced into a second dist#llation’

- 15 column where heavy ends and the (residue of the) catalyst
system is removed from the refined acrylic esters over
the bottom of said distillation column and the refined
acrylate ester is recovered over the top of said distil-
lation column. '

20 9. A process as claimed in. any one of claims 1 to 8,
wherein the distillation or each step of a two step
distillation set-up is carried out in a cascade of
distillation columns.

10. A process as claimed in any one of claims 1 to 9,

25 wherein the acrylic ester is methyl methacrylate or

methyl acrylate, preferably methyl methacrylate.
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