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a multitude of purification processes, distillative
purification being the most widespread. Even though
distillative workup can also be used very efficiently
in a continuous process, it is very difficult and
associated with a high level of technical complexity to
provide alkyl methacrylates in very high purities by
distillation. The reasons for these difficulties and
the high level of complexity are above all the low
thermal stressability and the spontaneous
polymerization tendency of the quite reactive alkyl
methacrylates. Especially as a result of the
polymerization tendency of the alkyl methacrylates, it
is always necessary to interrupt the operation of
distillation columns in industrial scale plants, in
order to free them of the polymer formed in the columns
and column internals with complicated and time-

consuming processes.
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It is also an object of the invention to provide a
purification process which exerts a minimum adverse
effect on the further processing steps of the alkyl
methacrylate purified in accordance with the invention

and the further processing products thus obtained.

In addition, it is an object of the invention to
provide a purification process which has a low energy
consumption and nevertheless leads to satisfactory

purities of the alkyl methacrylate to be purified.

A contribution to the solution of the abovementioned
objects is made by the subject matter of the category-
forming claims, the subclaims dependent thereon
constituting preferred embodiments of the present

invention.

The invention thus relates to a process for purifying a
methacrylic ester, comprising the steps of:

i. providing an alkyl methacrylate with an
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It is.also preferred in accordance with the invention
that the purifying solid has a specific surface area in
a range of about 400 to about 1500 m?/g, preferably in a
range of about 500 to about 1000 m®*/g and more
preferably in a range of about 650 to about 800 m?/g. It
is also preferred in accordance with the invention that
the purifying solid has pores whose dimensions are
preferably such that the impurities can be adsorbed
efficiently thereon. Therefore, it may be entirely
possible that the purifying solid has different pore
sizes. This can be achieved, for example, by mixing
three or more different purifying solids of different
pore size with one another. In general, a pore diameter
of the purifying solid, determined by volumetric means
to DIN 66135-1, in a range of about 0.1 to about 2 nm,

preferably in a range of about 0.2 to about 0.8 nm and
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in a range of about 0.3 to about 0.6 nm has been

found to be useful. In addition to the bulk density
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In some cases, at least some of the purifying solid is
present in the form of cylinder—like units such as
strand granule. In this context, it is preferred that
these units have a cross section in a range of about
0.5 to about 5 mm, preferably in a range of about 1 to
about 4 mm and more preferably in a range of about 1.4
to 2 mm, and a length in a range of about 3 to about
12 mm, preferably in a range of about 4 to about 10 mm

and more preferably in a range of about 5 to 9 mm.

In connection with the improvement of the flow through
the purifying vessel and hence of the purifying solid,
further measures can be achieved by means of internals
and packings in the purifying vessel. For instance, the
purifying vessel may an inlet with a smaller diameter
for the uptake of the liquid to be purified than the

region of the purifying vessel which accommodates the



for the uptake of the liquid to be purified than the
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frustocone In this case, the to
Wle 898&934322m the inlet and the basepl;%?}fdﬁa%?@-tl/%sgogo

outlet. Downstreamof the irbet, the purifyin

ve
may have a series of packings dlffereﬁt fr)c/;mtg ssel
@lﬂfnﬁfw:Jm sebilddwhi Thesepwel fpimd| &a$Re purist yPﬁaferamY

sol i s
& S r
tﬂl ¥ purll;}xlng LS SXSESSnaby. asytBler eybag- ohe top

L
tdwsfacqoam@x@s can £RY® Eéleer?\ﬂlseigead“‘%le?}é%ve %ga grgace
H{H’et h%"('ft'lfe}(:' NgpSRhiserelfbr ee¥erthé n e tconfihgur RUIKEYing

e 1 nvention, the ur| in d
re AT (O AV 2 PR RE oPARTPpE gL EgaPEnt] BEER! che
dosyl i whicla senbénaoi bnldf thﬁopﬁﬁfl%ﬁég solid

%

shaped bodi es_whi ch

el iy Btk R A en By bude of the
qhkyifyﬁm@acsylaﬂe aﬁde@ﬁd-|éggt g%@w HS&F?F§lon’ these

Sel ect 4 he E%nfbguré{-\ypgh d eaese chadned th
pecra ??y ihei r ength and di a('frrrééter al | ows th}?\fﬂleow -
rptel fntnéefebidhe residence time of the mixture of

al kyl methacrylate and at |east one inpurity to be

sel ected such that, firstl suffigi-e t
JSBEAYEBN Of aoﬂﬁxﬁ'ﬂﬂ'ﬁs l%’%E’\Ltolno%f F nghei n%g?;eflsagﬁhe £he
t parpey hyi ngo$ﬁ)ﬁl dlandnotsecpndﬁgntanlnec‘élﬁ%m kafpy o @

Yé@?%iﬁé 2 e B R Ry nartaety It e o The.. 2o o

nmet hacryl at e

vessel cmomatthm ot anigo 1 RRRGISHRRES (PR3, 2

pr ef L
B é:%p%lgfier 5{}1 ayr ﬂiﬂg%lghd@b%ﬂ Ondnhe1abeiit chO ah:anﬂlowed

y In arange o B H 0.4 to
| phpougki phe, e ampBErFTi My s8 R Lo oieE s ébf) oAl o
VRicGh i SokdowRphe i thosaeikiddieth | of t hbeareonfid et ©F
to be suitabl e and 1s capzﬂ adserhing a& deé&é a
p&hEisen SRS npGEPECES i t HeS T x g Tyt rex
allows the flow rate and hence the re81dence time of
the mixture of alkyl methacrylate and at 1least one
impurity to be selected such that, firstly, sufficient
time for the adsorption of a maximum portion of the
impurity on the purifying solid and, secondly, an
economically viable residence time can be established.
The residence time of the alkyl methacrylate in the
vessel may within a range of about 0.15 to about 20 h,
preferably in a range of about 0.3 to about 10 h and

more preferably in a range of about 0.4 to about 2 h.

In principle, as a purifying solid comes any material
which is known to those skilled in the art and appears
to be suitable and is capable of adsorbing at least a
portion of the impurities in the mixture of alkyl
methacrylate and at least one impurity. In this
context, it is preferred in accordance with the
invention that the purifying solid comprises at least
10% by weight, preferably at least 50% by weight and



met hacrylate and at |east one inpurity. In this
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thus freed of the contaminating burden. The process
according to the invention may comprise further steps.
Tt is preferred in this context that, as an additional
step, a thermal generation of the purifying solid,
followed by the reutilization of the regenerated
purifying solid, is effected in step ii. It is also
preferred in accordance with the invention that at
least step ii. 1is effected continuously. In this
context, “continuously” 1s understood to mean that
permanent operation is effected and is interrupted

merely by maintenance and cleaning operations.

It may also be preferred in accordance with the
invention that different purifying processes are
combined with one another. For instance, the alkyl
methacrylate can be distilled for prepurification

before step ii. of the invention.
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It is also preferred in accordance with the invention
that the process according to the invention depletes at
least one substance and preferably at 1least two
substances which constitute the impurities of the alkyl
methacrylates provided in step i. by at least %,
preferably at least 30% and more preferably at least
60% from the ultrapure alkyl methacrylate.

As a result of the purifying solid, the impurities are
depleted virtually completely. Such that the alkyl
methacrylates purified by the purifying solid can be
mixed with alkyl methacrylates which have yet to be
passed over the purifying solid, in order, for example,
to obtain on-spec purity. It is therefore possible to
conduct the alkyl methacrylate streams only partly as a
bypass over the purifying solid.

The invention also relates to a process for preparing
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|
S§§2$BS§/934538nduct the al kyl net hacryl BEE/ BB AQHE059090

only partly as a bypass overg t-he purifying solid. The
invention also relates to a process for preparing WO
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iv. optionally prepurifying the alkyl methacrylate.

The present invention also relates to an apparatus for
preparing alkyl methacrylates, comprising, connected to
one another in fluid-conducting form:

- a plant element for preparing acetone cyanohydrin,
followed by;

- a plant element for preparing methacrylamide,
followed by;

- a plant element for preparing alkyl methacrylate,
optionally followed by;

- a plant element for purifying the methacrylic
ester, optionally followed by;

- a plant element for polymerization, optionally
followed by;

- a plant element for finishing, the plant element
for purification comprising a vessel comprising a
purifying solid.

Connected in fluid-conducting form means in the present

context that gases, liquids and gas-liguid mixtures or

other free-flowing substances can be conducted. In



followed by; - a plant elenent for finishing, the

pl ant elenent for purification conprising a vessel
conprising a purifying solid. Connected in

fl ui d-conducting formnmeans in the present contex
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Useful comonomers include all of those which are known
to those skilled in the art and appear to be suitable,
particular preference being given to free-radically
polymerizable monomers. Among these, mention should be
made 1in particular of styrene, butyl acrylate or
acrylonitrile. Polymerization can be performed as a
solution, bead, emulsion or suspension polymerization,
or else as a bulk polymerization. The polymer is worked
up, for example, by precipitation of the solvent-
comprising polymer in a nonsolvent for the polymer as a
precipitant. For example, a polymer comprising acetone
as the solvent and polymethyl methacrylate is
precipitated in a precipitant composed of methanol and

water, separated from the precipitant and dried.

In addition, the invention relates to the use of an
ultrapure alkyl methacrylate obtainable by the process
according to the invention in fibres, films, coatings,

moulding compositions, mouldings, papermaking



as the solvent and pol ynethyl nethacrylate is
precipitated in a precipitant conposed of nethanol and
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methacrylic acid. However, it should also be pointed
out that advantageous effects can wusually also be
achieved when the subject matter of the present
invention as such 1s used in another field or only
combined with some of the process elements presented

here.



prepared by comonly known processes (see, for

exanple, Ul mnn's Enzykl opadi e der techni schen

Chemie, 4th Edition, Volume 7). Frequently, the
reactante used are acetone and hydrocyanlc aci d.
r¥3cePBR/PE43A2 exot hernic reaction. BT E %Q97/°59°9°
counteract deconposition ofitihe acetone cyanohydrin
formed in this reaction, the heat of reaction is
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reaction can be conducted in principle as a batch
process or as a continuous process; when a continuous
pfnceddiiiss ppebeesed, cllementeactdaertone f r eyaephydrin  is

Pﬁéé@éﬂ@é b? éohﬁeﬂlke%eatur d@%éé%fléééﬂifaﬁ example,

priate of a nethod l'eading to
1gesn’ &d E?M&&@Paﬁhem grryi élegSniis coderen F1IRAI rhe 4th

reaction, poaduet 7)s caelpemtlsufihei eahcteaeki @Red are
tinme_and the Eygtlon eqU|I|br|un1| shifted.in the
th

dFF8EPRON 3R FESERPOR pAGddet . TPR ad@d tdr™ tHe 30

reﬁmthenmpmodum@actldﬂequemnly adrdered wbbh amounteract

qggégﬁﬁégi }%ﬁagklkﬁ aE%toEEe §g¥gﬁ ﬁ%ﬁno%&g%%d ﬁn this

overa n OI‘ er to mposi ti
thea@bmlse bhet healtatadt mcmpom oligi Wplt:hélyt sﬂemowgad by

nRt %ﬁh@!a.ﬁle-r%?p@ré'tﬁg; ofrHde acet one apd BYdreeyRiited in
acid reactants can in principle be effected in

REERCIRIEY 28nyawaPatThe REPREESof OFi xiffg dep&ithdimypous
PeFbEEHS AN wWhlkn V\@etdaﬁftlfhdlﬁisﬁhpi@@eﬁﬁd&s fpreexapplie the
in a batch r. a contlnuous nopde, f r exa

Fede Pl it admeiied 19t BREea IR TRncs pl ot FHAtor
beh Aclv aint affeotsd whetn dberacetanelyis fed |nto the
reaction via a reservoir vessel which has a scrubber

tower. Venting |lines which conduct waste air
dontmesini ngeasarenecind hywirtdydnileagdéng cha the sesired

d€d,f on, s gfﬁ i@1 dlshr oughokhis rt,el§§l£V0dHe vessRltion
2008/074522 CT/ P2007/059090 - 12

RFUBEFhglEoweo LA Rt i suafisdred tr@atq%fewnr e“sJéP%PPd the
Viesset ioh hequesier i €5CaRi Rgelr @M the direction of the

reaction product. In addition, the reaction product is
frequently admixed with an appropriate stabilizer to
the advantage of the overall yield, in order to prevent
decomposition in the course of the later workup to give

the starting materials.

The mixing of the acetone and hydrocyanic acid
reactants can in principle be effected in essentially
any'way. The method of mixing depends in particular on
whether a batchwise mode, for example in a batch
reactor, or a continuous mode, for example in a loop

reactor, is selected.

In principle, it may be advantageous when the acetone
is fed into the reaction via a reservoir vessel which
has a scrubber tower. Venting lines which conduct waste
air containing acetone and hydrocyanic acid can thus be

conducted, for example, through this reservoir vessel.



reservoir vessel can be scrubbed with acetone, which
renoves hydrocyanic acid fromthe waste air and
recycles it into the process. For this purpose, for
exanpl e, some of the amobunt of acetone introduced from

the r rvoir_yessel into the reaction is C I
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hydrocyanlc acid re%ylred in the re ctlon can be
équipped with a corresponding scrubbing tower. In this

case, it is, however, often advisable for corresponding
lines which conduct waste air and can transport acetone
and hydrocyanic acid to be conducted through this

vessel or through this scrubbing tower.

The temperature of the acetone in the reservoir may in
principle be within an essentially arbitrary range,
provided that the acetone is in the liquid state at the
appropriate temperature. The  temperature in the
reservoir vessel is advantageously, however, about 0 to
about 20°C.

In the scrubbing tower, the acetone used for scrubbing
is cooled by means of an appropriate cooler, for
example by means of a plate cooler, with brine to a
temperature of about 0 to about 10°C. The temperature
of the acetone on entry into the scrubbing tower is
therefore preferably, for example, about 2 to about
6°C.



introduced into the reactor either in liquid or in
gaseous form It may, for exanple, be crude gas from
the BMA process or fromthe Andrussow process. The
dr ogen c ani de can, for exanple, be liquefied
e% 88859 ¢R&2use of an appropriate codi W%fQ%qQ%¥°59°9°
Instead of liquefied hydrocyasi c acid, coking oven gas
can be used. For exanple, hydrogen cyanide-containing
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gas from the BMA process or from the Andrussow process,
can be reacted with acetone in the presence of a basic
catalyst and acetone cyanohydrin in a gas-liquid

reactor.

In the process described here, preference is given to
using a BMA crude gas or an Andrussow crude gas. The
gas mixture resulting from the abovementioned customary
processes for preparing hydrogen cyanide can be used as
such or after an acid scrubbing. The crude gas from the
BMA process, in which essentially hydrocyanic acid and
hydrogen are formed from methane and ammonia, contains
typically 22.9% by volume of HCN, 71.8% by volume of Hj,
2.5% by volume of NH;, 1.1% by volume of N, 1.7% by
volume of CH,. In the known Andrussow process,
hydrocyanic acid and water are formed from methane and
ammonia and atmospheric oxygen. The crude gas of the
Andrussow process, when oxygen is used as the oxygen
source, contains typically 8% by volume of HCN, 22% by



H2, 5% by volume of CO 2.5% by volune of NH3 and 0.5%
by vol une each of CH4 and CO2. Wen a
non-aci d- scrubbed crude gas fromthe BMA process or

Andrussom19rocess is used, the anmonia present in
cMQd€0§84 07 AEqdent | y acts as a catal yst ?QW/E?%P°7/°59°90
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or tertiary am nes such as diethyl am ne,
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| RORfeaCtUmpisieable hPat-Bgepr 0cpssi & emenly desetbhed are
fed continually to a loop reactor in the continuous
mode. In this case, the loop reactor comprises at least
one means of feeding acetone or two or more such means,
at least one means for feeding 1liquid or gaseous
hydrocyanic acid, or two or more such means, and at

least one means for feeding a catalyst.

Suitable catalysts are 1in principle any alkaline
compounds, such as ammonia, sodium hydroxide solution
or potassium hydroxide solution, which can catalyse the
reaction of acetone and hydrocyanic acid to give
acetone cyanohydrin. However, it has also been found to
be advantageous when the catalyst used 1s an organic
catalyst, especially an amine. Suitable examples are
secondary or tertiary amines such as diethylamine,
dipropylamine, triethylamine, tri-n-propylamine and the
like.



further conprises at |east one punp, or two or nore
punps, and at |east one m xi ng apparatus, or two or
nore such m xi ng apparatuses. Suitable punps are in
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reactor. Suitable m xi ng appasatuses are both m xi ng
apparatuses wth nobile elenments and so-called static
mAxdior rreagiiach iserdblid el | De reseoseancesemert described
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suitable are, for exanple, rectangular mxers. The

catal yst is added in the | oop reactor preferably
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PVDF, PVA or PTFE. Metal mixers may consist, for
example, of nickel alloys, zirconium, titanium and the
like. Likewise suitable are, for example, rectangular

mixers.

The catalyst is added in the loop reactor preferably
downstream of the pump and upstream of a mixing element
present in the loop reactor. In the reaction described,
catalysts are used, for example, in such an amount that
the overall reaction is conducted at a pH of not more
than 8, in particular not more than about 7.5 or about
7. It may be preferred when the pH in the reaction
varies within a range of about 6.5 to about 7.5, for

example about 6.8 to about 7.2.

Alternatively to the addition of the catalyst into the
loop reactor downstream of the pump and upstream of a
mixing apparatus, it is also possible in the process

described to feed the catalyst into the loop reactor



advant ageous when appropriate m xi ng of acetone and
catal yst is ensured before feeding into the | oop
reactor. Appropriate mxing can be effected, for
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exothermicity or measurement of the composition of the

reaction mixture by suitable spectroscopic processes.

Especially within the context of conversion monitoring,
quality aspects and safety, it has been found to be
useful to determine the conversion in the reaction
mixture via the heat removed from the reaction mixture
and to compare it with the heat which is released

theoretically.

In the case of suitable selection of the loop reactor,
the actual reaction can in principle be effected within
the tube systems arranged within the loop reactor.
Since the reaction, however, is exothermic, in order to
avoid yield loss, sufficient cooling and sufficient
removal of the heat of reaction should be ensured. It
has frequently been found to be advantageous when the

reaction proceeds within a heat exchanger, preferably



anmount of product to be produced, the capacity of an
appropri ate heat exchanger can be sel ected
di ffer ently. For industrial scale processes, heat

exchanger ving a volume of about 10 to bout
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reaction tenperature is within a corridor of about WO

2008494522 t PEHFPRORS 059088 en- flind to be practicable
and in many cases to be viable to conduct the reaction
mixture through the jacket of the heat exchanger, while
the liquid used for cooling is circulated within the
tube bundle. It has in many cases been found to be
advantageous when the reaction mixture is distributed
within the jacket by means of £flow resistances,
preferably deflecting plates, to achieve a higher

residence time and better mixing.

The ratio of jacket volume to the volume of the tube
bundle may, depending on the design of the reactor, be
about 10:1 to about 1:10; the volume of the jacket is
preferably greater than the volume of the tube bundle

(based on the contents of the tubes).

The heat removal from the reactor is adjusted with an
appropriate coolant, for example with water, such that

the reaction temperature is within a corridor of about



25 to about 45C, in particular about 30 to about 38C,
in particular about 33 to about 35C A product is
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The product can be recycled into the storage vessel in
any way in principle. However, it has been found to be
advantageous in some cases that the product is recycled
by means of a system composed of one or more nozzles
into the storage vessel such that corresponding mixing
of the stored product takes place within the storage

vessel.

Product 1is also removed continuously from the storage
vessel 1into a stabilization wvessel. The product is
admixed there with a suitable acid, for example with
H,S0,. This deactivates the catalyst and adjusts the
reaction mixture to a pH of about 1 to about 3, in
particular about 2. A suitable acid is in particular
sulphuric acid, for example sulphuric acid having a
content of about 90 to about 105%, in particular of
about 93 to about 98% H,S80,.



- 19 The stabilized product is withdrawmn fromthe
stabilization vessel and transferred into the
purification stage. A portion of the stabilized

product w thdrawn can be recycl ed, for exanmple, int
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further enbodi ment of e process described here, the
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can be conducted, for example, by means of only one
column. However, it 1is 1likewise possible, in an
appropriate purification of crude acetone cyanohydrin,
to use a combination of two or more distillation
columns, also combined with a falling-film evaporator.
In addition, two or more falling-film evaporators or
else two or more distillation columns may be combined

with one another.

The crude acetone cyanohydrin comes from the storage to
the distillation generally with a temperature of about
0 to about 15°C, for example a temperature of about 5
to about 10°C. In principle, the «c¢rude acetone
cyanohydrin can be introduced directly into the column.
However, it has been found to be useful in some cases
when the crude cool acetone cyanohydrin, by means of a
heat exchanger, first takes up some of the heat of the
product already purified by distillation. Therefore, in

a further embodiment of the process described here, the



- 20 crude acetone cyanohydrin is heated by neans of
a heat exchanger to a tenperature of about 60 to 80C.
The acetone cyanohydrin is purified by distilletion by

ans a dlstlllatlon col um, preferaq%¥ haV|q?7nDre
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results between 50 to about 150 mbar.

At the top of the column, gaseous impurities,
especially acetone and hydrocyanic acid, are removed,
the removed gaseous substances are cooled by means of
one heat exchanger or a battery of two or more heat
exchangers. Preference 1is given here to using brine
cooling with a temperature of about 0 to about 10°C.
This gives the gaseous constituents of the vapours the
opportunity to condense. The first condensation stage
may take place, for example, at standard pressure.
However, it 1is equally possible and has been found to
be advantageous in some cases when this first
condensation stage is effected under reduced pressure,
preferably at the pressure which prevails in the
distillation. The condensate is passed on into a cooled
collecting vessel and collected there at a temperature

of about 0 to about 15°C, in particular at about 5 to



WD 2008/ 074522 PCT/ EP2007/ 059090 - 21 about 10C. The
gaseous conpounds which do not condense in the first
condensati on step are renoved fromthe reduced

pressure chanber by neans of a vacuum punp. In
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it has been found to be advapiageous in many cases to
use a vacuum punp which, owing to its design, does not
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exanple, to using dry-running vacuum punps. The gas
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cases, a p m nant anount of the condensate wll,
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PP 8rd NsA3BOAF the vacuum pump can be effected, for
example, by a heat exchanger, but also with a battery
of two or more heat exchangers arranged in series in
parallel. Gaseous substances remaining after this
condensation step are removed and sent to any further

utilization, for example a thermal utilization.

The collected concentrates may likewise be utilized
further as desired. However, for economic reasons, it
has been found to be extremely advantageous to recycle
the condensates into the reaction for preparing acetone
cyanohydrin. This is effected preferably at one or more
points which enable access to the loop reactor. The
condensates may 1in principle have any composition
provided that they do not disrupt the preparation of
the acetone cyanohydrin. In many cases, a predominant
amount of the condensate will, however, consist of
acetone and hydrocyanic acid, for example in a molar
ratio of about 2:1 to about 1:2, frequently in a ratio



ratio of about 2:1 to about 1:2, frequently in a ratio
WD 2008/ 074522 PCT/ EP2007/ 059090 - 22 of about 1:1.
The acet one cyanohydrin obtained fromthe bottom of

th istillation colum is first cool ed

t@§p588269é4g%2 about 40 to about 80C byPéf%§%%ﬁQy/os9090
crude acetone cyanohydrin-fed in by neans of a first
heat exchanger. Subsequently, the acetone cyanohydrin
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by means of at |east one further heat exchanger and
optionally stored internediately. Amdation In a
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The reaction is brought about in a manner known to
those skilled in the art by a reaction between
concentrated sulphuric acid and acetone cyanohydrin.
The reaction 1s exothermic, which means that heat of

reaction is advantageously removed from the system.

The reaction here too can again be performed in a
batchwise process or in continuous processes. The
latter has been found to be advantageous in many cases.
When the reaction is performed in a continuous process,
the use of loop reactors has been found to be useful.
The reaction can be effected, for example, in only one
loop reactor. However, it may be advantageous when the
reaction is performed in a battery of two or more loop

reactors.

In the process described, a suitable loop reactor has

one or more feed points for acetone cyanohydrin, one or



- 23 nore feed points for concentrated sul phuric
acid, one or nore gas separators, one or nore heat
exchangers and one or nore m xers, and often a punp
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In addition, excessively low temperatures in the
reaction mixture can lead to a c¢rystallization of
constituents of the reaction mixture at the heat
exchangers. This further worsens the heat transfer, as
a result of which a clear vyield reduction can be
detected. In addition, the 1loop reactor cannot be
charged with the optimal amounts of reactants, such

that the efficiency of the process suffers overall.

In one embodiment of the process, a portion, preferably
about two thirds to about three quarters, of the volume
flow rate from a stream of acetone cyanohydrin 1is
introduced into a first loop reactor. A first loop
reactor preferably has one or more heat exchangers, one

or more pumps, one or more mixing elements and one or
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separators. The circul ation streans which pass
through the first |loop reactor are preferably in the
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likewise possible to feed the sulphuric acid into the

loop reactor at any point.

The ratio of the reactants in the loop reactor is
controlled such that an excess of sulphuric acid is
present. The excess of sulphuric acid is, based on the
molar ratio of the constituents, about 1.8:1 to about
3:1 in the first loop reactor and about 1.3:1 to about

2:1 in the last loop reactor.

In some cases, it has been found to be advantageous to
perform the reaction in the loop reactor with such an
excess of sulphuric acid. The sulphuric acid may serve
here, for example, as a solvent and keep the viscosity
of the reaction mixture low, which can ensure a higher
removal of heat of reaction and a lower temperature of
the reaction mixture. This can entail significant yield

advantages. The temperature in the reaction mixture is



advant ages. The tenperature in the reaction mxture is
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about 120C. The heat renoval is ensured by one or nore
heat exchangers in the | oop reactor. It has been
f8and0e8/He45advant ageous when the heat RSABRARRL 059090
have a suitable sensor systegmfor controlling the
cooling performance in order to prevent excessively
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advant ageous to neasure the heat transfer in the heat
exnbangest orrémotde heat eexchadigesy ponat oy podrd dreat

cont | n 0 I f
BB A obe Py St 5 2% 9, B ATREE o
exdvigheagedast whepootlzmt heaseldxchangars eggae| ¢ suitable

Possible s #%5&“”§WP 2PREORN1aLE hadl i Bgo19hg tm%rﬁsrmance

reactlon ture corresp ondlng vari ati on”of
atidli OreErof te h@rreé@élttarﬁ%c%%%l‘b‘?/ Y h@r§éfrerRbindf ©f the

nBg £c besh (ﬁflmﬁﬂfétl 8br Acgonbifmatdnemtdlordd® twesons. For
possi b s is al.so canceivable. The | o0

i||t| 5 reac%g heat
SFOUMR Qddilth oRaY| Pha?d VAL CREESESonk® g4¥ F.ned
Queaneféaod s tchd t hideaw peadhatgbar mzdr contii nrtues| yheat

| EPAPSLOrRoRECLY iR D IR SRRIRND) ol U e
rdaet fonlirgnprehéoreancieontc ﬁ@%é}eat‘rr@écquqm%e to.

M i Y < SAT BaN JRR0XI {8 JhenPLOdUGE aWhdI Ml ffromdder £ .
| oop reactor. is preferably transferred i nto a secqnd

| Hop iPefRIHBHLLY oRPEDLEC P YRaBPBrOPFRgte heating
reacthen rddodibe GORPLLEI Y Scbprependchg sadiation of

th d h b b by.th
BRI P Se Bl DN P ALER DY L Leelen, o
rmmmenln@aparbfstreantmbn.acetonembyaamhy@r|mﬁ | rehtehi stwo
%?éseslﬂi‘f EX6esS; P a]l%%l DEBH %i@gl"pgef ro&‘héhelééﬁﬁreactor

reactor, or at the exces
sﬁhqzihml eddditd onedaot shw¢ h attheleaé*ét e cgaﬁofﬁﬁtﬂaﬁ?ﬁtor

tehd opELhuat her  pBt haemuhan %ro&'@@t perhermngs i3ucusly
the reaction in two or nore

from the loop reactor via the gas separator. Another
method is thus to withdraw the gases formed in the
reaction from the reaction chamber. The gas formed is
mainly carbon monoxide. The product withdrawn from the
loop reactor is preferably transferred into a second
loop reactor. In this second loop reactor, the reaction
mixture comprising sulphuric acid and methacrylamide,
as has been obtained by the reaction in the first loop
reactor, 1s reacted with the remaining part-stream of
acetone cyanohydrin. In this case, the excess of
sulphuric acid from the first loop reactor, or at least
some of the excess sulphuric acid, reacts with the
acetone cyanohydrin to form further methacrylamide. The
performance of the reaction in two or more loop
reactors has the advantage that, owing to the sulphuric
acid excess in the first loop reactor, the pumpability
of the reaction mixture and hence the heat transfer and

ultimately the yield are improved. In turn, at least



reactors has the advantage that, owing to the

sul phuric acid excess in the first |oop reactor, the
punpability of the reaction m xture and hence the
heat transfer and ultimately the yield are

i nproved.
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naXFhe t enperature is attained only for a mninum

period, for exanple for a tine of about one mnute to

about 30 mnutes, in particular for a tipe of about,
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in a conventional manner by electrical energy or by
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a temperature of about 130 to about 180°C to complete

the reaction and to form the methacrylamide.

The heating is preferably performed such that the
maximum temperature i1s attained only for a minimum
period, for example for a time of about one minute to
about 30 minutes, in particular for a time of about two
to about eight or about three to about five minutes.
This can in principle be effected in any apparatus for
achieving such a temperature for such a short period.
For example, the energy can Dbe supplied 1in a
conventional manner by electrical energy or by steam.
However, it is equally possible to supply the energy by
means of electromagnetic radiation, for example by

means of microwaves.

In various cases, it has been found to be advantageous
when the heating step is effected in a heat exchanger

with two-stage or multistage arrangement of tube coils



In various cases, it has been found to be advant ageous

when the heating step is effected in a heat exchanger

with two-stage or nultistage arrangenent of tube coils
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to a tenperature of about 130 to 1800C. The heat
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fur her s tohstitutes a process el enent and
can be used in the present invention in connection

v a{ntaedeor%%e %elcortﬁmg Betghﬁabmgengéﬁgrm@ has a
hydr ol ysi s acr hacryli1c acid and
i fgmperature of more t an lOO°C typlcally a temperature

of about 130 to 180°C.

The gaseous compounds obtained in the amidation can in
principle be disposed of in any way or sent to further
processing. However, it may be advantageous 1in some
cases when the appropriate gases are combined in a
transport line in such a way that they are optionally
pressurized either continuously or as required, for
example with steam pressure, and can thus be

transported further.

Esterification

A further step which constitutes a process element and
can be used in the present invention in connection with
the process according to the invention is a hydrolysis
of methacrylamide to methacrylic acid and its
subsequent esterification to methacrylic esters. This

reaction can be performed in one or more heated, for



subsequent esterification to nethacrylic esters. This
reaction can be perforned in one or nnre heat ed, for
WO 2008/ 074522 PCT/ EP2007/ 059090 - exanpl e
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tenperature of about 100 to_  about 180C, essenti all ,
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carbon atons, which may be linear or branched,

saturated or unsaturated, particular preference bei ng
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temperature, for example a temperature of about 100 to
about 180°C, essentially corresponding to the exit
temperature of the amide solution from the amidation
reaction presented above. An alkanol is also fed to the

tanks, which can be used for the esterification.

Suitable alkanols here are in principle any alkanols
having 1 to about 4 carbon atoms, which may be linear
or branched, saturated or unsaturated, particular
preference being given to methanol. These alkanols may
likewise be wused together with methacrylic esters,

which is the case especially in transesterifications.

The tank is also charged with water, so that there is a
total water concentration in the tank of about 13 to
about 26% by weight, in particular about 18 to about
20% by weight.

The amount of amide solution and of alkanol is



The amount of am de solution and of al kanol is WO

2008/ 074522 PCT/ EP2007/ 059090 - 29 <controlled such
that a total nolar ratio of amde to al kanol of about
1:1.4 to about 1:1.6 exists. The al kanol can be
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acryllc aC| esters.
preseemed enbodi ment of the process presented here,
the tank is charged at least partly with a m xture of

wat er and such organic conpounds. Wen a battery of
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it is likewise possible to feed a mixture of water and
organic compounds to the tank, as obtained, for
example, in the purification of methacrylic acid or
methacrylic esters. In a preferred embodiment of the
process presented here, the tank is charged at least
partly with a mixture of water and such organic

compounds.

When a battery of two or more tanks is used in the
esterification reaction, the gaseous substances formed,
especially the methacrylic esters, can in principle be
drawn off individually from each tank and fed to a
purification. However, it has been found in some cases
to be advantageous when, in a battery of two or more
tanks, the gaseous products from the £first tank are
first fed into the second reaction vessel without the
gaseous compounds from the first tank Dbeing fed
directly to a purification. This procedure offers the

advantage that the frequently high evolution of foam in



gaseous conpounds fromthe first tank being fed
directly to a purification. This procedure offers the
advant age that the frequently high evolution of foam
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about 140C. The vapours escaping fromthe tanks_are
p K4 EFREo cpncentration difrferences are, though, often

small.

The vapours formed in the second tank are removed from
the tank and introduced into the ©bottom of a

distillation column.

When the esterification is performed with a battery of
three or more tanks, the overflow of the second tank is
transferred in each case into a third tank, and the
overflow of the third tank, if appropriate, into a
fourth tank. The further tanks are 1likewise steam-
heated. The temperature in tanks 3 and, if appropriate,
4 is preferably adjusted to about 120 to about 140°C.

The vapours escaping from the tanks are passed into a
distillation column, this preferably being effected in
the lower region of the distillation column. The

vapours comprise an azeotropic mixture of carrier



distillation colum, this preferably being effected in
the lower region of the distillation colum. The

vapours conprise an azeotropic mxture of carrier WO
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For example, 1in the process presented here, the
methacrylic ester formed can be cooled in the gaseous
state by means of a first heat exchanger with water
cooling. Both condensed and uncondensed substances are
then passed on into a second heat exchanger, where a
further condensation by means of water cooling takes
place. At this point, for example, gaseous substances
can then be transferred into a separate brine-cooled
heat exchanger. The condensate in this brine-cooled

heat exchanger is then introduced into the distillate
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The removed organic phase 1s fed into a scrubber.
There, the methacrylic ester is scrubbed with
demineralized water. The separated agqueous phase which
comprises a mixture of water and organic compounds,
especially alkanol, can in turn in principle be used
further as desired. However, it i1is advantageous for
economic reasons to recycle this aqueous phase back
into the esterification step by feeding i1it, for

example, into the first tank.

Since methacrylic esters have a strong tendency to
polymerize, it 1s in many cases advantageous when care
is taken in the esterification of methacrylic acid that

such a polymerization is prevented.

In plants for preparing methacrylic acid or methacrylic
esters, polymerization often takes place when

methacrylic acid or methacrylic ester firstly have a



Since nethacrylic esters have a strong tendency to
polynerize, it is in many cases advantageous when care
is taken in the esterification of nmethacrylic acid

that such a golynerlzatlon is prevented. In ;
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the system itself. To this end, the part of the plant
in particular in which the methacrylic acid or the
methacrylic ester is present in high concentration
during or after the distillation is supplied with

appropriate stabilizers.

For example, it has been found to be viable to supply a
stabilizer at the top of the distillation column to the
stream of methacrylic ester drawn off there.
Furthermore, it has been found to be advantageous to
flush those parts of the plant in which methacrylic
acid or methacrylic ester 1is circulated with a
temperature of more than about 20°C, preferably with a
temperature in the range of about 20 to about 120°C,
with a solution of stabilizer in methacrylic ester. For
example, some of the condensate obtained in the heat
exchangers, together with a suitable stabilizer, is

recycled into the top of the distillation column such
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wth a solution of stabilizer in nethacrylic ester.
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The methacrylic ester obtained or the MMA obtained in
the esterification and the subsequent prepurification,
or the methacrylic acid obtained, are subsequently sent
to a further treatment. The esterification results in
dilute sulphuric acid as the remaining residual
substance, which can likewise be sent to a further

utilization.

Prepurification of the ester or of the acid

In the process presented here, the subject matter of
the present invention can also be used in connection
with a process for prepurifying methacrylic acid or
methacrylic ester, as described in the process element
which follows. For instance, in principle, crude
methacrylic acid or a crude methacrylic ester can be

subjected to a further purification in order to arrive



Prepurification of the ester or of the acid In the
process presented here, the subject nmatter of the
present invention can also be used in connection wth
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At the top of the column, the low-boiling constituents
are removed. In particular, these may, for example, be
ether, acetone and methyl formate. The vapours are then
condensed by means of one or more heat exchangers. For
example, it has been found to be useful in some cases
first to perform a condensation by means of two water-
cooled heat exchangers connected in series. However, it
is equally possible to use only one heat exchanger at
this point. The heat exchangers are preferably opefated
in an upright state to increase the flow rate and in
order to prevent the formation of stationary phases,
preference being given to obtaining maximum wetting.
Connected downstream of the water-cooled heat exchanger
or the water-cooled heat exchangers may be a brine-
cooled heat exchanger, but it is also possible to

connect a battery of two or more brine-cooled heat



first to performa condensation by neans of two water-

cool ed heat exchangers connected in series. However,

it is equally possible to use only one heat exchanger
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The condensate stream obtained from the heat exchangers
is additionally preferably admixed with demineralized
water in such a way that sufficient separating action

can be achieved in the phase separator.

The gaseous compounds which remain after the
condensation in the heat exchanger Dbattery may,
preferably by means of steam ejectors as reduced-
pressure generators, be subjected once again to a
condensation by means of one or more further heat
exchangers. It has been found to be advantageous for
economic reasons when such a postcondensation condenses
not only the gaseous substances from the
prepurification. For example, it 1is possible to feed
further gaseous substances to such a postcondensation,

as obtained from the main pufification of methacrylic



can be achieved in the phase separator. The gaseous
conpounds which remain after the condensation in the
heat exchanger battery may, preferably by nmeans of
steam ej ectors as reduced- pressure generators, be
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prepur |cat|on e aque us phase
This discharge can in pr1nc1ple be effected, for

example, in an order of magnitude in which water is fed
to the system in the prepurification. The aqueous phase
separated out in the phase separator typically has a
content of organic constituents. It may therefore be
advantageous to feed this water to a form of disposal

which utilizes this content of organic substances.

For example, it may be advantageous when water thus
contaminated with organic substances 1is fed to the
combustion chamber in a sulphuric acid cleavage
process. Owing to the oxidizable constituents, its
calorific value can still be utilized at least partly.
In addition, a possibly expensive disposal of the water
contaminated with organic substances 1is thus often

avoided.

Fine purification of the methacrylic ester
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Firstly, just like in the other lines flowed through by
methacrylic ester, a minimum level of so-called “dead
spaces” should form in the columns. The dead spaces
lead to a comparatively long residence time of the
methacrylic esters, which promotes their
polymerization. This in turn leads to expensive
production shutdowns and cleaning of the appropriate
parts blocked with polymer. One way of countering the
formation of dead spaces is, both by design and by a
sufficient operating mode of the columns, to always
load them with a sufficient amount of ligquid, so that
constant flushing of the columns and espeéially of the
column internals such as packings is achieved. For
instance, the columns may have spray devices which are
designed for the spraying of the column internals. In
addition, the column internals may be connected to one
another such that barely any dead spaces, or better
none at all, form. To this end, the column internals

may be connected to one another or to the column via



pol ynerization. This in turn | eads to expensive

producti on shutdowns and cl eani ng of the appropriate
parts blocked with polymer. One way of counteri ng the
formati on of dead spaces is, both by desi n and
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preventing ~overheating of this appunt in spite of

nbgBpsFatires and large evaporation surfaces durlng the
evaporation. It may be advantageous in this context
that the amount of liguid in the column bottom makes up
in the range of about 0.1 to 15% and preferably about 1
to 10% of the total amount of methacrylic ester in the
column. The measures proposed in this paragraph may

also find use in the distillation of methacrylic acid.

In the purification of the methacrylic ester, its high-
‘boiling constituents are separated from the product by
distillation. To this end, the column bottom is heated
with steam. The bottom temperature is preferably about
50 to about 80°C, in particular about 60 to about 75°C,

with wall temperature of less than about 120°C.

The material obtained 1n the column bottom is
preferably removed continuously and cooled by means of

a heat exchanger or a Dbattery -of several heat



tenperatures and | arge evaporation surfaces during the
evaporation. It nmay be advantageous in this context
that the amount of liquid in the colunm bottom makes

umoljbd @ge of about 0.1 to 15% andppref8588% Yos9090
about 1d52)10960f the total amount of net?gcry??cy

ester in the colum. The meddures proposed in this
ra raph may also find use in the distillation of
§¢ & d@ tPAPEKatpae fifcat | BANGE Phe about 40 to

rreudmwydoc;z: esﬁﬁe?]ferilﬁd}hl @Bouboubl rtt_@l camﬁl sid tmT S?]I&ﬂemore
Sse ramt e pro t ( tIo . othis
SRR RER sl B, b aeism PE ARBE tniteh 29 tam | The
botton1tenperature i's preferably about 50 to about

8O dn p r abo |

tcel%esr at ue o% 1 pdes thg'hlgglout ?%@El‘zl‘% m&%‘?%%gmkantly
oPedhaed vild ¢t e tedt urhy Bortors ot yored eesilbty, reabhadrylic

caprtiisnuaus| y- apdh £001 eéo@oﬂefﬁleé ofi 5 & IR RAENNISFia o
or a battery of_ several at WD 2008/ 074522
PEFPERSIS07Y ©599Y0 for4oexewehangé%3§£t%9%ii t efpe?at geet to

| andthafgensd . abeuthaAD m@enakf@uhd%&» peefenabita@ald in
40 _to about 60 ref ran

F ge. of
"Bl S0Te cOBITBE A o] WAPERB6Tpr {Aoghe column
pbeddtwmnans | yeayetleacr yhto egter eshgdridiyasdbut yrézction.

CELE! e%§f§ry'th% rﬂ&{:grf@? A | ‘c?xgor&ooj;(mﬁ{‘e%%to'ms is

subsequent or age vesse
d’l—”§§($’§é§doflnc§p st frigstamatrei U@t jan H’a?sn}beeThi%u%ﬁ\feS

teibe adyantpgegugahRagBBNYhE&ASesMIENt hej Rt &ld ab very
obtained in.the colum™ bottomis recycled into the

eSFERPMLEaLLEn VéallronTethef exBfpI @, Yﬁ%yna?egmaJYleld
f rematheecol Mﬁ'ghb@btlQthS cdﬁ@@}(ﬁﬂd@;d prdgerdthed itsd column
eﬁtggification tan? g g glLyes g se_to he advan%age
that WPt AT& YFEW LG l{} Py -"&cbh ﬁF&EFF? vPabFgac-+o1
met hod and a very high y|eId rel atively high-boiling

C 0 S se | he 0 l e
DL BT TR htrn S, Mg ORI Sster
ceumrﬁletihéometdn@@rlwha@l@ﬂ eis pmtﬂﬂqlwrbyand cooled by
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heat exchangers. The heat of the vapours can be removed
by means of water-cooled heat exchangers or by means of
brine-cooled heat exchangers or by means of a
combination of the two. It has been found to be useful
in some cases when the vapours from the distillation
column are transferred into two or more heat exchangers
connected in parallel, which are operated by means of
water cooling. The uncondensed fractions from the
water-cooled heat exchangers can, for example, be
introduced into a Dbrine-cooled heat exchanger or a
battery of two or more brine-cooled heat exchangers,
which may be arranged in series or in parallel. The
condensates obtainable from the heat exchangers are
introduced into a collecting vessel and sent to a
buffer vessel by means of a pump via a further heat
exchanger or a battery of two or more further heat

exchangers. The condensate stream is cooled, for



means of a heat exchanger or a battery of two or nore
heat exchangers. The heat of the vapours can be

renoved by nmeans of water-cool ed heat exchangers or
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for. exanple via distributors. However, it may be

avrartAgeous when a portion of the condensate stream
is fed into the vapour |ine above the top of the

| um for_ex e sprayed _in. 1t js al.so preferred
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Q%ﬂgeQ%ﬂkﬁ £Héquﬁﬁnﬁprline before introduction and be
introduced directly into the top of the column. Here
too, it is preferred that this feeding introduces
stabilizer into the top of the column. The introduction
into the top of the column can be done, for example, in
such a way that the interior of the top of the column
is sprayed with the condensate such that no calm zones
can form in the top of the column at which the
methacrylic ester can polymerize. It may additionally
be advantageous to add a stabilizer for preventing

polymerization to a condensate part-stream which 1is

recycled into the column. This can be done, for
example, by adding an appropriate amount of
polymerization inhibitor as stabilizer to the

condensate part-stream intended for spraying of the top
of the column. It has been found to be advantageous in
some cases when the condensate part-stream, after the
addition of the stabilizer but before entry into the

top of the column, passes through a suitable mixing



recycling into the colum can, for exanple, be
branched off into the vapour |ine before introduction
and be introduced directly into the top of the
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impurities, especially formic acid formed in the
preparation process, can thus be removed in a simple
manner from the product stream. It has additionally
been found to be useful in some cases when the product
stream, after passing through the adsorptive
purification stage, also passes through one or more
filters in order to remove any solids present in the

product.

The streams obtained in the workup comprise
predominantly polymerizable compounds. In order to, as
already described more than once in this text, prevent
the formation of calm zones, it has been found to be
advantageous in the case of the process described here
too when the parts of the plant which come into contact
with methacrylic ester are constantly flowed over with
methacrylic ester. In a further embodiment of the

process presented here, a part-stream of methacrylic



.exanpl e, when the pure product as a whole, or at |east
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fromthe distilTTation colum. The product obtained in
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comprising consumed sulphuric acid, as can be obtained

from the esterification, can be contacted with steam - in
a flotation vessel. As this 1is done, at least some of
the solids present can be deposited on the surface of
the liquid, and these deposited solids can be separated
out. The vapours are subsequently condensed in a heat
exchanger, preferably with water cooling, cooled and

recycled into the esterification reaction.

It has been found to be advantageous in some cases when
corrosion is prevented in the heat exchangers and the
cooling action is improved further by introducing a
mixture of water and organic compounds, as obtained by
scrubbing in the course of the esterification in the
purification of the methacrylic ester prepared, into
the heat exchangers in such a way that the tops of the
heat exchangers are sprayed with this mixture. 1In
addition to the corrosion-reducing action and the

cooling of the acid in the heat exchanger, this



purification in order to subsequently recycle it back
into the process. In this case, for exanple, a stream
conpri sing consuned sul phuric acid, as can be obtai ned
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m xtures of acid and solids. After their renoval,

these are sent to any further use or to disposal It
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flotation vessels can be used offset in time. Since
gsolids can settle out 1in these vegsels, it is
advantageous to remove them when the particular

flotation vessel is not being used.

The aforementioned will now be illustrated in detail
with reference to nonlimiting drawings and examples.

The schematic drawings show:

Fig. 1: a plant system for preparing and processing of
with methacrylic acid or methyl methacrylate,
Fig. 2: a plant for preparing acetone cyanohydrin,
Fig. 3: a workup plant for acetone cyanohydrin,
Fig. 5: an esterification plant,

: a plant for prepurifying the ester,

2
3

Fig. 4: an amidation plant,
5
Fig. 6
7

Fig. 7: a fine purification plant for the ester.



The plant described here for renmoving solids fromthe
consuned acid and for recycling material fromthe
esterification process into exactly this process can
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reactions, the pure monomers obtained here can be

converted to further organic compounds. The further
processing plant or the £further processing plants 80
is/are followed by a finishing 90. When the further
processing products are polymers of methacrYlic acid or
methacrylic esters, especially methyl wmethacrylate,
they are processed further to give £fibres, moulding
compositions, especially granules, films, slabs,
automobile parts and other wmouldings by suitable
equipment such as extruders, blown-film extruders,
injection-moulding machines, spinneret dies and the
like. In addition, the plant system 1 in many cases
comprises a sulphuric acid plant 100. For this plant,
all sulphuric acid plants which appear to be suitable
for this purpose to the person skilled in the art are
useful in principle. Reference is made in this context,
for example, to Chapter 4, page 89 ff. in “Integrated
Pollution Prevention and Control - Draft Reference

Document . on Best Avalible Techniques for the



plants 80 include in particular polynerization
apparatus and reactors for further organic reactions.
I'n the polynerization reactors, polymethacrylates can
be prepa red and, in the reactors for or
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plants which are operated with sulphuric acid and
especially with concentrated sulphuric acid are
additionally lined and protected with ceramic materials
or plastics. In addition, the methacrylic acid obtained
in the methacrylic acid plant 50a can be fed via a
methacrylic acid line 6 to the prepurification 60. It
has also been found to be useful to add a stabilizer
~ indicated with ns in the acetone cyanohydrin
preparation 20, the amidation 40, the esterification
50, the hydrolysis 50a, the prepurification 60 and also

the end purification 70.

In the acetone cyanohydrin preparation 20 shown in
Figure 2, the acetone is provided in an acetone vessel
21 and the hydrocyanic acid in a hydrocyanic acid
vessel 22. The acetone vessel 21 has a scrubbing tower

23 which, in its upper region, has one or more cooling



through the lines for spent sul phuric acid 4 and 5. In
the sul phuric acid plant 100, the dilute sul phuric
acid can be worked up. The workup of the dilute
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secondly cool. Via an outlet 220 which follows the
collecting vessel 216, a stabilizer vessel 221 1is
attached, into which a sulphuric acid feed 222 opens
and from which the crude acetone cyanohydrin is
conducted through the outlet 223 into the acetone

cyanohydrin workup 30.

In Figure 3, coming from the cyanchydrin preparation
20, the outlet 223 opens into a heat exchanger 31 in
which the stream coming from the cyan preparation 20 is
heated. A wvapour feed 32 1is connected to the heat
exchanger 31 and opens out in the upper region,
preferably the top region, of a column 33. The column
33 has a multitude of packings 34 which are usually
configured as trays. In the lower region of the column
33 is disposed the column bottom 35 from which a

bottoms outlet 36 leads into the heat exchanger 31 and



heat exchanger 212 which has a series of flow
resi stances 213 and at | east one cooling line 214. In
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downstream by a heat exchanger 46 which in turn opens
into a gas separator 47 from which, firstly, a gas
outlet 48 and a feed 49 to a further loop reactor 410
exit. The further loop reactor 410 or a third has a
comparable construction to the first loop reactor 43.
From the further loop reactor 410, a feed 411 enters a
heat exchanger 412 which is followed by a gas separator
413, from which to a a gas outlet 414 and an amide line
415 exit, the latter leading to the

esterification/hydrolysis 50/MAA plant 50a.

Figure 5 shows the esterification 50, in which a
solvent line 51 which conducts water and organic
solvent, and an amide 1line 52 connected to the
amidation 40 open into a tank 53 which is heatable by a
tank heater 54. In addition, an alcohol line 55 shown

with a broken line opens into the tank 53. The alcohol



into a heat exchanger 39 to which a vacuum punp 310 is
connected and opens in turn into a heat exchanger 311.
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preferably the top, of the column 58, a first heat
exchanger 512 followed by a further phase separator 513
are connected via a suitable line. Both at the top of
the column 58 and in the first heat exchanger 512, a
first stabilizer feed 514 (stabilizer indicated with
“s$”7) and a further stabilizer feed 515 may be provided
in order to feed an inhibitor or stabilizer which
prevents undesired polymerization. Connected to the
further phase separator 513 1is a scrubber 516 in whose
lower region a solvent line 517 exits and opens out in
the solvent line 51 via a heat exchanger 521. From the
upper region of the scrubber 516, a crude ester line
exits and opens into the ester workup 60. The spent
acid line 59 exiting from the upper region of the tank
53’ or of the tank of the last tank unit 510 opens into
a flotation vessel 519 for removal of the solids and
constituents insoluble in the spent acid. From the

flotation vessel 519, a spent acid outlet 520 enters
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the phase separator 69 and opening out in the upper
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separator, a water outlet 610 is present and opens into
the esterification 50 in order to feed the water
removed back to the esgterification. A reduced-pressure
generator 613 1is connected to the heat exchangers 66

and 67 via a reduced-pressure line 612.

In Figure 7, the ester outlet 65 stemming from the
ester workup 60 opens into a distillation column 71.
This comprises a plurality of column internals 71 and,
in the lower region of the distillation column 71, a
column bottom heater 73. From the top region of the
‘distillation column 71, a pure ester vapour line 74

enters a first heat exchanger 75 which is followed by
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7§ methyl methacrylate stream of 10 m’/h was passed
through a 50 litre vessel comprising a molecular sieve
filling of Baylith®, commercially available from Kurt
Obermeier GmbH & Co. KG, Germany, of 40 kg at 35°C. The
stream was not stopped to remove the molecular sieve
until the uptake capacity of the molecular sieve had
been attained. After £flowing through the molecular
sieve, an ultrapure methyl methacrylate was removed at
the outlet of the vessel, which had a clear colourless
consistency. A significant depletion of formic acid,
methacrylic acid in the ultrapure methyl methacrylate
was determined compared to the methyl methacrylate
stream by HPLC. After the operating time, no polymer
deposition from the molecular sieve was observed. The
polymerization of the wultrapure methyl methacrylate,
neither in the polymerization nor in the properties of
the polymethyl methacrylate thus obtained, gave rise to

any differences from methyl methacrylate which had been
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tank 54 Fir ank heater 53" Further t 4’
FiPt A 398{gﬁ§gﬂ ater 55 Alcohol line WO §%§%ﬂﬁf 59090
PCT/ EP2007/ 059090 - 55 56 &ster vapour line

Col utm bottom 58 Col um 59 Spent acid |ine 510 Tank
ubbt SEétékghapoukeﬁihéne 512 Heat exchanger 513

se 4 Stabilizer feed 515 Further
?2b||?§g?1rn étt§%6 Extracti on colum 517 Sol vent

| PRe Qqu@ﬁude ester line 519 Flotation vessel 520
Spent ggégtogghgtllggl Heat exchanger 522 Low boil er
vagour ine 61 Crude ester |ine 62 Vacuum

dP&Pi | FaRkoHReébl um 63 Colum internal s

511 High boiler line

512 Heat exchanger

513 Phase separator

514 Stabilizer feed

515 Further stabilizer feed
516 Extraction column

517 Solvent line

518 Crude ester line

519 Flotation vessel

520 Spent acid outlet

521 Heat exchanger

522 Low boiler vapour line
61 Crude ester line

62 Vacuum distillation column
63 Column intermnals

64 Bottom heater

65 Ester outlet

66 Heat exchanger

67 Heat exchanger

68 Water feed

69 Phase separator

610 Water outlet

611 Recycle line

612 Reduced-pressure line
613 Reduced-pressure generator
71 Distillation column

72 Column internals

73 Column bottom heater
74 Pure ester vapour line
75 First heat exchanger
76 Further heat exchanger
77 Ester recycle line

78 Mixer



64 Bottom heater 65 Ester outlet 66 Heat exchanger
67 Heat exchanger 68 Water feed 69 Phase separator
610 Water outlet 611 Recycle line 612

u = e line 613 Reduced- press x%%;}
%gégf?m???%% colum 72 Col um iﬁter ngcg goﬁjfrer)n%%%
bott om heater 74 Pure estersS&apour line 75 First
heat exchanger 76 Further heat exchanger 77 Ester
regycl tapikl 78r Migeer B 200811074522 PCT/ EP2007/ 059090
-7 P Fotabilizeicetering point 710 Pure ester
outlet 711 Additional heat exchanger 712 O her heat
ekEhant@tl7aanab| ket pxchaVEeVessel 714 Ml ecul ar
STENYE PEekt N@Sat 7dchhhgapure ester outlet 716 High
bojler |jne 717 Reduced-pressure generator WO
2'8%%/(% b EFD00 7950060 - 87 Claims 1. A
prbeessoTarulan i $ewng maclaliky$ net hacryl ate,
c.pﬁflrl&i‘{kg%é@e S%&Pé’r of i ¢ Providing an al kyl
met hacryl a Wth an 1npurity:
716 High boiler line

717 Reduced-pressure generator



B. adsorbing at |east sone of the inpurity onto a
purifying solid to obtain an ultrapure al kyl
nmet hacryl ate. 2. Process according to Claiml1, wherein

I particles of the purifyi [
3@gg%@%%g€§%5$% a purifying vessel, thePgﬁV???Pﬁgq%%9°9°
vessel being flowed through By a |iquid al kyl
nmet hacryl ate. 3. Process according to daim1l or 2,
whkatms the purifying solid has a specific surface
area in a range of about 400 to about 1500 n2/g. 4.
Process according to one of the preceding clains,
viher eil tRROGRFS f Vioky BBERGYRAS a2Pordellefke MEtharrvlfde.
range @bmpbpsind. OetOra@poustl nm 5. Process
according to pone of the prﬁggﬂing c#ﬁins wher ei ]£he O
puri f YA ngPEor 14 ras £bul RLIFsi t PR hedange’™ a
about 920impudbopt 960 g/ cnB. 6. Process according to
one of_the.precedi ng, chai_ng, er el - . 80%
meightBbfa?%éf%%ggi%Feégg tﬁég%nﬁﬁg%?%gkggﬁ%é§ga§gxg =
particl e pizkfying heolighgeoofokiboln 6n5 whtadpwre 1@ Llkyl
mm 7. Prg, cAcELELing to one of the preceding
cl ai s, erei n the wei ght-average particle size of
the purifying solid is in a range of about 0.5 to

apout Hfocd¥) 20086844532 tRCTEEP200Y/ 05REBOin - aStulditude
Process_accordi ng, to one_of the preceding clais,.

wher ei Af t P IFYERg Bt i d FHel ucpégrl%yﬁ%eqast é%%“}dd by 3¢
wei ghtacbasecdared hénpuar ifyt iy isal i deseéla the purifying
silican: en_ coipound. aggordi ng; 4.0 HNQ 1 k1
of thév%gé%gd?ﬁﬁﬂg?aﬁﬂgwm%hhg%ggﬁgﬁheggur?fSgh solid Y
i ncl udestacrebatel10% by weight of a zeolite. 10.

Process according to one of the preceding clains,

wherei n al kyl nmethacryl ate has_ been distilled off |,
3 Process according to Claim 1 or 2, wherein the

purifying solid has a specific surface area in a
range of about 400 to about 1500 m®/g.

4. Process according to one of the preceding claims,
wherein the purifying solid has a pore size of in

the range of about 0.01 to about 1 nm.

5. Process according to one of the preceding claims,
wherein the purifying solid has a bulk density in

the range of about 920 to about 960 g/cm’.

6. Process according to one of the preceding claims,
wherein at least 80% by weight of the particles of
the purifying solid have a particle size in the

range of about 0.5 to about 10 mm.

7. Process according to one of the preceding claims,
wherein the weight-average particle size of the
purifying solid is in a range of about 0.5 to

about 10.



for prepurification before step ii. 11. Process
according to one of the preceding clains, wherein the
al kyl methacrylate provided in step i. includes at

| eas ne of the following inpurities: a_formc acid
iﬂoagogﬁZBﬁ#S%? not nore than 0.OS@bbyRﬁﬁ%ﬁﬁ%oqzj%59°9°
nmet hacrylic acid in an anoundgof not nore than 0.1%

by wei ght; c. sul phur dioxide in an anobunt of not nore
than Dro6dssbyceerdhhg 12 Reeocessthecpraiceding arilemims,
of the [ claj . | t4.0na risi S
ot eps. “PRECFRePRer P dmu et ST AAASEER] 1) T8ast® 102
sol i d, by olwevgtt by basies! rensetled tthe irfagerser apédd, of a
puri fying; 86hldxiHen SEERpbing13. Process according to
one of the preceding clains, wherein at |east step

ii. is effected continuously. 14. A process for

p$ epar pAgc@ds th&@@dﬂﬁ_gakbygonéméfla@hé' @_tr@celding claims,
conprisin ., as. steps:. .- roducling, an optlona Yy o
o epur TR kDP Bt At e NP ht Ehacasiy 1108
nmet hachy | e egly @f pae ozessi¥ 2008/ 074522

PCT/ EP2007/ 059090 - 59 according to one of the

preceding clains. 15. Process according to Claim 14,
wher ei Pre¢rss prodatding ¢ tdne abkythaephgcegiage claims,

CONpr i GieSre 11653k OPS ndfc ACRNAHI NG 8P 85CHOB 11ed off
cyanohydrin; B. coOontacting the acetone cyanohydrin
with afPT i PIoRREnt &1 &rf #or PobP B¢ nSeePethacryl anide; C
contacting the nmethacrylanmide with an alcohol to
opt ai n_an al kyl nethacrylate; D. optionall . .
L pur TG E ) RECRF AP RO reen ety | of aEhE1Brekppipg; Gaims,
for prepawreing ehkyhlkpl haetiphatgdate provided in step 1i.
includes at least one of the following impurities:

a. formic acid in an amount of not more than
0.05% by weight;
b. methacrylic acid in an amount of not more

than 0.1% by weight;
c. sulphur dioxide in an amount of not more than
0.001% by weight.

12. Process according to one of the preceding claims,
additionally comprising, as steps, the thermal
regeneration of the purifying solid, followed by

the reuse of the regenerated purifying solid in

step ii.

13. Process according to one of the preceding claims,
wherein at least step ii. is effected
continuously.

14. A process for preparing an ultrapure alkyl
methacrylate, comprising, as steps:
- producing an optionally ©prepurified alkyl
methacrylate;

- purifying the alkyl methacrylate by a process



conprising, connected to one another in fluid-
conducting form- a plant elenent for preparing
acetone cyanohydrin, followed by; - a plant el enent

for ring _nmethacrylam de, foll d
eW@ng ?8?4 ?éparlngyalkyl nethgcrgrgte?a&éﬁR%Q#ijﬁﬁﬁogo

follomed by; - a plant elenesy for purifying the alkyl
net hacryl ate, optionally foll owed by; - a plant

el ement faecpelyngr tdabhenofopheopakkbydihgl bonedsby; -

a plant elenent for finishing, the plant elenent for
purification conprising a vessel conprising a

pubi.f yPmgesebi d. addordppar attus acdevidi Ag .t o €hareins, the

wherei g, 83, 0uL LRt ude ofpparkiches of i he PHEéfy'é$h rises
ed’ ¥ ¢ d ihe

solid are acconmmodat In a purifying vessel
puri fyEhg ¢&EsBEl °éan be flowed through by I|qU|d

al kyl pet Bastyhahe- a918acé\ee§éa&y§naa9@mhng to Claim
16 or 17, wherein the urlcy solid hﬁﬁﬁ@‘ eC|f|
S

surf acB- aFBRLRALANIr afifE oft 46036
n2/g. WO 2ﬁ68§§ﬁ4523cE@TtEP8663&ﬁ5909@thaC691aﬁQde,

Appara%usﬁgc %%I gng Sone gﬁggkaigﬁlég v%jﬁ§ an alcohol

wher ei ol I pore~si ze,
detern1ned0bybthenaaalyékglpmerssr$QQCﬁf|ed in the

descriﬁt;ggtleﬁahm Pobangey 9£ga99gta9k91 a@thaégyga%e

nm 20. ar at us I ng o one of Clains 16 to
wherein the purifylng SO|Id has a bul k density in the

ragge @ﬁpé?@ﬁhngQﬁ&@ a%&@ba&@%gg/caﬁkyzl Mﬂﬂﬁﬁéﬂy&ates,
one of dains

di t
B0%% byCOBPERETRE - L HEBATITRT ot e BaFRED: abns i Tta-

have acpadtceliagstaemi n the

- a plant element for preparing acetone cyanohydrin,
followed by;

- a plant element for preparing methacrylamide,
followed by;

- a plant element for preparing alkyl methacrylate,
optionally followed by;

- a plant element for purifying the alkyl
methacrylate, optionally followed by;

- a plant element for polymerization, optionally
followed by;

- a plant element for finishing, the plant element
for purification comprising a vessel comprising a

purifying solid.

17. Apparatus according to Claim 16, wherein a
multitude of particles of the purifying solid are
accommodated in a purifying vessel, and the
purifying vessel can be flowed through by liquid
alkyl methacrylate.

18. Apparatus according to Claim 16 or 17, wherein the
. purifying solid has a specific surface area in a
range of about 400 to about 1500 m’/g.



range of about 0.5 to about 10 nm 22. Apparatus
according to one of Clains 16 to 21, wherein the

wei ght - average particle size is in a range of about

0.5 to about 10. 23. Apparatus according to one of

Vi AB086076522, wherein the purifying BHAEPARARRSL 90
at least 10% by weight, basgg on the purifying solid,

of a silicon-oxygen conpound. 24. Apparatus according
to one of Clainms 16 to 23, mherein t he purifying

SO|Id i ncludes at | easf, 10% a zeqlite,
30 b hEEe b R o iy P of histLafman e Eo 18,
ef f ectederaian epparabusfategr dsayido ome of b nesize,

10 L0 &drefRinklOgS Stkgf g BLERALI DG RlIEY S pgé%h@& in

| east “partly on a conpri s

steps ohe AeSprepaerng mf it r@mjr@a@gﬁypfnébﬁaér)ﬂ -#tle to
by a progess ggcording to daiml1l5, 16 or 27; WO

2008/ 074522 PCT/ EP2007/059090 - 61 B. polynerizing

the ultrapure alkyl nmethacrylate and optionally a

pob y mespgath eds pranhtcﬁdatrsg @bt abnea soMoanes; 16. to 19,

wor ki ng_up the atlon ct to

pol yme¥* g?".mP éf&rngl g:ign‘]tlbc{]| -\ n?zgu&%hgreéls&ty in
t he pohgnrahgat®ﬁnabeuef9ected byotit e26 0 agdli cal .

pol yneri zati on. 28. Use of an al kyl nethacryl ate

obtainable by a process according to Caim14 or 15
i 2L fi bhpparatis mecauwtingstonmneli 8§ cohpbestilénsto 20,

moul di gsyreiRaper MBKLRYgauXbll delighit At particles of
auxiliarites, flocculants_and drilling additives.

29.
Fi bresthe i Pvg 1 feaad ngRlidoiPieng? cBRpEIFLForsi2e In the
moul di Agisge papesbakt Ng. sUxs | dssuesiol eat her

22. Apparatus according to one of Claims 16 to 21,
wherein the weight-average particle size is in a

range of about 0.5 to about 10.

23. Apparatus according to one of Claims 16 to 22,
wherein the purifying solid includes at least 10%
by weight, based on the purifying solid, of a

silicon-oxygen compound.

24. DApparatus according to one of Claims 16 to 23,
wherein the purifying solid includes at least 10%

by weight of a zeolite.

25. Process according to Claim 14 or 15, which is
effected in an apparatus according to one of
Claims 16 to 24.

26. Process for preparing polymers based at least
partly on alkyl methacrylates, comprising the
steps of:

A. preparing an ultrapure alkyl methacrylate by a

process according to Claim 15, 16 or 27;



auxiliaries, flocculants and drilling additives which
are based on an al kyl nethacryl ate obtai nable by a
process according to Claim14 or 15.

WO 2008/074522 PCT/EP2007/059090
- 61 -

B. polymerizing the ultrapure alkyl methacrylate
and optionally a polymerization product to
obtain a comonomer;

C. working up the polymerization product to obtain

a polymer.
27. Process according to Claim 26, wherein the
polymerization is effected by free-radical
polymerization.

28. Use of an alkyl methacrylate obtainable by a
process according to Claim 14 or 15 in fibres,
films, coatings, moulding compositions, mouldings,
papermaking auxiliaries, leather auxiliaries,

flocculants and drilling additives.

29. Fibres, films, coatings, moulding compositions,
mouldings, papermaking auxiliaries, leather
auxiliaries, flocculants and drilling additives which
are based on an alkyl methacrylate obtainable by a

process according to Claim 14 or 15.



