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15 distillation methods because their boiling points are very similar. The boiling point qf
methyl methacrylate at atmospheric pressure is 100 °C, whilst that of methyl isobutyrate
is 92 °C and diethyl ketone is 100°C. The molecuies are also similar in size and shape
so that separation by means of molecular sieves offers little potential. There is therefore
a need for a process to produce methyl methacrylate which overcomes the

20 above-described problem of separating the methyl methacrylate product from certain
impurities.

GB-A-1235208 describes a process for the purification of alkyl methacrylates which are
contaminated with impurities which have melting points below -50°C, especially methyl
isobutyrate and lower alkyl iodides, by fractional crystallisation and counter-current

25 washing of the resulting methyl methacrylate crystals. This document, however, does
not indicate any suitable process for the removal of impurities from methyl methacrylate

which have melting points above -50°C.
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(ii)  cooling said liquid product stream to between about -45°C and about -95°C
such that said liquid product stream forms crystals of solid methyl methacrylate and |
mother liquor, said crystals containing a higher proportion of methyl methacrylate than

20 does said liquid product stream or mother liquor,

(iv) separating said crystals of solid methyl methacrylate from said mother liquor
and

(v} melting said crystals to form liquid methyl methacrylate which contains a

lower concentration of said impurities than said liquid product stream.

25 In this way, substantially pure methyl methacrylate may be obtained from a complex
product stream which contains a range of impurities having a range of melting points
falling both above and below that of the pure methyl methacrylate.

The methyl methacrylate recovered from the process preferably contains less than 0.5%
by weight of other materials, more preferably less than 0.2% by weight, and especially
30 less than 0.1% by weight of undesirable impurities.
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are preferably recycled to the condensation reaction.
The liquid product stream may comprise up to 20% by weight of materials such as MIB
and DEK (3-pentanone), PA or MAA produced by side reactions. The liquid product
stream preferably contains less than 20%, more preferably less than 5% of such
20 impurities. The level of impurities or by-products may be controllable by adjusting the

reaction conditions or post-reaction separations.

The liguid product stream is cooled to between about -45°C and about -95°C so that a
part of the liquid product stream freezes to form crystals of solid methyl methacrylate and
a mother liquor or supernatant, which is that part of the liquid product stream which

25 remains unfrozen.

The level of impurities in the methyl methacrylate crystals may be affected by the rate at
which the liquid product stream is cooled. The rate at which the liquid product stream is
cooled may be controlled to optimise the separation of the methyl methacrylate from the

impurities by minimising the amount of impurities contained in the crystals. A relatively
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removed may be further purified, e.g. by a further crystallisation process to increase the
yield of purified methyl methacrylate.

The liquid methyl methacrylate obtained from the fractional crystaliisation process may
20 be further purified by a further fractional crystallisation process. Several crystallisation
stages may be required, depending on the final product purity required. Preferably the
process includes between one and six successive crystallisation stages. The design of
crystallisation processes which include muitiple crystallisation stages is well known to
those skilled in the art. The crystallisation process may be performed using known
25 equipment for such processes including batch, scraped wall and falling film crystallisers,

the design of which would be determined by the nature and scale of the process to be
accommodated.

The crystalfisation process is particularly suitable for separating methyl methacrylate
from a liquid stream which contains components which have boiling points very close to

30 that of methyl methacrylate. In particular MIB and/or DEK may be present in a methyl
methacrylate stream as described above.
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The methyl methacrylate produced by the process of the invention is useful in the
15 manufacture of polymethyl methacrylate and a variety of acrylic copolymers which have

a very large number of applications.

Ilustrative examples of the invention are described below.

Examples1 -3
The purification of MMA by successive fractional crystallisation stages was studied for
20 three initial compositions of MMA/DEK mixtures.

“Mixtures having the initial mixture compositions of 20%, 1% and 0.25% v/v of DEK in
MMA were made up. Each mixture was then placed in a boiling tube fitted with a stirrer
which was placed in a methanol/solid carbon dioxide bath and cooled rapidly for about
two minutes until crystals were formed. The temperature at this point was recorded to

25 be between -55 °C and -62 °C. The mother liquor was removed and the crystals were
washed three times with methanol and then dried under vacuum. The crystals were
allowed to melt and a sample of the melt was analysed using gas chromatography. The
procedure was repeated starting from the melt formed in the previous stage. The resuits
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Table 1 mpie—1 Exanpi Exanple 3
Dl ¢ . - 43 .15

Initial m xture 2 %%d\vﬁ”v?‘a' 104\t uEﬁ{- 2504 v/‘?'

% v/v DEK i n melt eddtberystabl 415 1 st ongstal 0.06 15. 43

0. 56 0. 25 Isth crystal 2nd g4qfstal 17110

0. 43 0.5 3rd-crystat 8.76

0. 34 0.13 4t h crystal 4.15

0.19 6 5th crystal 0.41
Exanpl e 4 SEﬁﬂP%_gffect of the rate of cooling on the conposition of the
resul ting M effegtofthe nate of cooling on the composition of the resulting MMA crystal has

been studied. A sample of MMA containing 1% v/v DEK was split into two portions. The
first portion was cooled rapidly using the technique described in Examples 1 - 3. The
second portion was cooled more slowly using a series of methanol/acetone/ water/ solid
carbon dioxide baths of intermediate temperatures such that cooling was acheived over

10 a period of thirty minutes. The rate of cooling therefore was approximately 2 °C / min.
The results are shown in Table 2.

Table 2
Dek %VN
Liquor Crystal
Original Soln 1.00
Rapid Cooling 1.13 0.53
Slow Cooling 132 0.25

Example 5

A mixture of MMA with other components was prepared and cooled slowly in a methanol,
15 water and Drikold bath having a temperature of approximately -65 °C. Cuboid crystals
formed at a temperature of -54.8 °C. The supernatent liquor was removed by filtration
and the crystals were washed with cold methanol and filtered again. The methanol was
removed by vacuum and the crystals allowed to thaw. The mass of the crystals was 32g
and the mass of the supernatent liquor was 17g. The composition of the crystals and of




been studied. A sanple of MVA containing 1% v/v DEK was split into two

portions._ The first portion was cooled rapidly using t | que
descri bed“’i%”@%éﬂ’rpl es 1 - 3. The econd portion was cogﬁgﬁ%@ggl ow y
using a series of mnethanol/acetone/ ter/ solid car bon di oxi de baths

of internediate tenperatures such that cooling was acheived over 10 a

period of thirty mnutes. The rate of cooling therefore was aPproxi mately 2
[err] C / nithe liquor wah detesmineddydtiteation danacids) pad gas shromatography for the other

Table 2 i ; ek WN

g . The results and initial composition are shown in Table &

Li quor &°9‘§’t°3?”‘5) The r S P O 1ginal Soln 1.00
Rapi d Cool i ng 1.13 0.53 Sl ow

Cool i ng 1.3 ) ﬁg?q@,l ; i ;EQE,M‘\Q% it h ot her
conponent s W&s’e?z}#“épsgf’@é@&ﬁe (I:e38| ed s o%r}ff%pue{ﬁ%ﬁ%%ﬁ vvank%etrE and
Dri kol d batrhixtuee tarpberddangd by b dractiohal apystatiisation rebihod @veh avheh the Dikared
crystals

| Ynor whs SBIFTG0° o FRAREL AnEr R TAEegRien FTRIEHERRER 1 col o

met hanol  angethiilhé&thashyla@atsaif. The net hanol was ~ renoved by vacuum and t he
crystals allowed to thaw. The nmass of the crystals was 32g and the mass
of the supernatent |iquor was 17g. The sition of the crystals and of
WO 99/ 02481 COMPONENT M.pt | feed mixture [Crystals at Liquor at

PCT/ GB98/ 02028 (°C) Wt%)  |-54.8°C (wt%) 7 |-54.8°C tih)l if quor was
determ ned by pjMAation (TOI agjgdS] arggdyas Fnr oggsHIr aphy @r@h tne ot her
conponents). The—FestHt+s—antl i%ti e ost+i+on e—sho f b 3.

The results sh hat _the level'®of la nbr rbf irﬂ*?rifinc in'?q4m:\'rh]y|

met hacryl ate {PAxi xture canjbe-Zediiced08y a r actd-@nal g¢ryst@®1i safi on

met hod even wh@gext he m xtur @ 5S.3gcomt ai pg2a range gofs | npuri ti®sz whi ¢h have a
mel ting point "'b(,in TS g tTan |t habzlgf MElJTE— methacryigate it sel f.
Table 3 COMPONENT 89 M |pt “Teed|nixture Crystal s at Li quor
at ([err] O (Wt 9 -54.8[err]C (W%
-54.8[err]C (W\% MVA -48 98. 97

99. 54 97. 94 MM 16 0.15

0. 03 0. 44



PA | -21 0.33 0.12 : 0.61

DEK -39 0.32 0.18 0.62
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(iv) separating said crystals of solid methyl methacrylate from said mother liquor
and
(v) melting said crystals to form liquid methyl methacrylate which contains a

lower concentration of said impurities than said liquid product stream. !

20 2. A process as claimed in claim 1, wherein said at least one impurity which meits at a
temperature of greater than -50 °C comprises diethyl ketone, methacrylic acid and/or

propiocinic acid.

3. Aprocess as claimed in claim 1 or claim 2, wherein the liquid product stream is
cooled at a rate of less than 30 °C per minute.

25 4. A method for separating methyl methacrylate from a liguid mixture comprising
methyl methacrylate and up to 20% of a liquid impurity having a melting point above
-50°C, comprising the steps of:

(i) cooling said liquid mixture to between about -45°C and about -95°C such that
said liquid mixture forms crystals of solid methyl methacrylate and mother liquor, said

30 crystals containing higher proportion of methyl methacrylate than does said liquid mixture
or mother liquor,
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met hacryl ate whi ch contai ns wer concentration of said inmpurity than
said liquid m xture. 5 5. A process or nethod as clained in any
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t he process sixlsucoassivercrgstalligatioo stbigeg acd ased. 7. An acrylic polyner

made by the polynerisation of methyl nethacrylate as clained in claimé6
wth itself or with another acrylic nononer. 10

6. Methyl methacrylate produced by the process claimed in any preceding claim.

7. An acrylic polymer made by the polymerisation of methyl methacrylate as claimed in
claim 6 with itself or with another acrylic monomer.
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