- 1 - METHOD FOR THE ADSORPTI VE PURI FI CATI ON OF ALKYL
METHACRYLATES The invention relates in general terns
to a process for purifying an alkyl methacrylate, to a
process for preparing an ultrapure al kyl nethacryl ate,
to an apparatus for preparihg-al kyl nmethacryl ates, to
a process for preparing a polynmer based at | east
partly on al kyl nethacrylates, to the use of an al kyl
met hacryl ate obtained in accordance with the invention
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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.

"In general terms, it 1s an object of the present



It is also an object of the invention to provide a
purification process which exerts a m ni num adver se
effect on the further processing steps of the alkyl
nmet hacryl ate purified in accordance with the invention
and the further processing products thus obtained. In
addition, it is an object of the invention to provide
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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



- 4 - nore preferably in a range of about 0.3 to about
0.6 nm has been found to be useful. |In addition to
the bul k density which, in the case of the purifying
solids, is preferably in a range of about 800 to about
1100 kg/ n8, but also often in a range of about 920 to
about 960 kg/nB, the particle size and the particle
size distribution of the purifying solid particles
influence the ability of theym xture of alkyl

nmet hacryl ate and at | east one inpurity to be purified
to flow throyafritthe purifying vessel conprising them
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In this case, the top surface region can formthe
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therapl @he HDBGiPYIhHE VddWd 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



a series of packings different fromthe which serve to
hold the purifying solid excessively easy

slurrying-out of the solid. packings can thus

purifying solid. Moreover, in one configuration of the
invention, the purifying solid is not present in the
formof a nultitude of particles but rather as a
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that different purifying processes are conbined with
one anot her. For instance, the al kyl nethacryl ate can
be distilled for prepurification before step ii. of



- 7 - Possible inpurities generally inclu

i mpurities which occur in t%e prepa¥ation g? Z:Lyl

met hacryl ates. Anpng these, formic acid, nmethacrylic
acid or sulphuric acid, or at least two thereof in
particular, occur. It is also preferred in accordance
with the invention that the alkyl nethacrylate
provided in step i. conprises at |east one, or at

| east two, or each of the f%llomﬁng inpuriiieS' a
formic acid in an anount of “ndt more than 0. 051 by.
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| east 30% and nore preferably at
| east 60% fromthe ultrapure al kyl nethacryl atZz. As a
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these channels, especially their length and diameter,
allows the flow rate and hence the residence time of
the mixture of alkyl methacrylate and at least 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 Ileast 50% by weight and



produci ng an optionally prepurified al kyl

met hacrylate; purifying the alkyl nethacrylate by the
process according to the invention for purifying an

al kyl methacrylate. It is also preferred that the
process according to the invention for preparing an

ul trapure methacrylic ester additionally conprises the
foll owing steps: providing an acetone cyanohydrin; ii
contacting the acetone cyanohydrin with an inorgahic '
acid to obtain a nmethacrylamde; iii. contacting the
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ester; apt i ona
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preferably at least 50% by welght and more preferably
at least 75% by weight of a zeolite, preferably of
type A. Especially in the case of inorganic purifying
solids, it 1is possible to regenerate them thermally.
For this purpose, the purifying solid can be calcined
over a certain period, usually in a range of about
10 minutes to 30 h, preferably in a range of about 2 to
28 h, and more preferably in a range of about 3 to
about 24 h, at a temperature in a range of about 300 to
about 1800°C, preferably in a range of about 700 to
about 1300°C, so that most organic impurities are
converted to carbon dioxide and the purifying solid is
thus freed of the contaminating burden. The process
according to the invention may comprise further steps.
‘It 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, 1is effected in step ii. It is also
preferred in accordance with the invention that at
least step ii. 1is effected continuously. In this
context, “econtinuously” is understood to mean that

permanent operation is effected and is interrupted

merely by maintenance and cleaning operations.

It may also Dbe 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.



a plant elenent for polynerization, optionally
followed by; a plant elenent for finishing, the plant
el enent for purification conprising a vesse
conprising a purifying solid. Connected in

fl ui d-conducting formnmeans in the present context
that gases, liquids and gas-liquid m xtures or other
free-fl owi ng substances can be conducted. In - 9 -
connection with the individudl -enbodi nents of the

purlfyln solid, .reference is_nmade
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least one, or at least two, or each of the following
impurities:

a. formic acid in an amount of not more than 0.05% by

weight, preferably not more than 0.01% by weight and
more preferably not more than 0.005% by weight;

b. methacrylic acid in an amount of not more than
0.1% by weight, preferably not more than 0.02% by
weight and more preferably not more than 0.01% by
weight;

C. sulphur dioxide in an amount of not more than
0.001% by weight, preferably not more than 0.0005% by
weight and more preferably not more than 0.0001% by

weight.

It is also preferred in accordance with the invention
that the process according to the invention depletes at
least one substance and preferably at least two
substances which constitute the impurities of the alkyl
methacrylates provided in step i. by at Ileast 5%,
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 wvirtually 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



invention; B. polynerizing the ultrapure alkyl

nmet hacryl ate, preferably radically, and optionally at

| east one conononer to obtain a polynerisate; C
wor ki ng up the polynerisate to obtain a pol yner. :
Usef ul conononers include all of those which are known
to those skilled in the art and appear to be suitable,
particul ar preference being given to free-radically

- pol yneri zabl e nononers. Anon@ these, nention should be
made | articular of styren ut acryl ate or

RorS BRSOt A TR L on S BEned HEDE

sol ution, bead, enul sion or suspension pol ynerization,
or else._as @ocmell&gool XHEHO%ﬁtl'oﬁQll?hepQ‘ébﬁg?fléé alkyl
wor ked up, for exanple by "precipitation of the

sol vent - cORPriGT¥d356'ymer in a nonsol vent for the

pol ymer - aspar pheicigitthenta lkiydr mexhaphelate goi yier process
conpri si ng, AGetANey a%oth§x§0hﬁgehtﬁ&9 RRLYNBiYtying an
nethacrylate IS precipitated in a precipitant conposed
of net hano?t1&fld MEEtEFrYd@pSrated from the preci pitant
and dried. In addition, the invention relates to the
us%toﬁsaglgbt%?QEéfréékyﬁaﬂeﬁ Sﬁﬁgéggé %Qkﬁkaﬁgbetgythe
t he process accordin ention in fibre

fi PﬁﬁenEb%ltlﬁ‘@’é Pﬁ%Eﬁ”éﬁfﬁg %rbnwsﬁ%fﬁs m%t&tﬂcawﬁgg ester
papedmekomgl 1y cbhpriadxi thar ekl dveaibheteps:
auxiliaries,flocculants and bottom additives as
preferred cheni cal products. In addition, the

i n¥ent | BFF el idGe &1t BCPEBPRSCYFNINETi86at i ngs, moul di ng

coﬂp03|¢¢muuntmmnndtm©s apapensukicygratydkiari esith  an
| eat her; aupe ) ar Lesy g&oﬁﬁt‘éﬂ{‘tas u@e@gagtgh%ﬂg%
ar.e

addltlve preferre em cal pr.odu
basdl- FPHRAHIgatiie AREFRRTRAFTE d8s et Po AT AaEPP by to
t he prQﬂﬁﬁﬁjﬂécaédhagrynléhﬁnunyent|on Vari ous

Progess qqzlon%q BL?%%rPf@h% \Qflkc lbrﬁe%éé&é/g].a% ed

heT &i nat e co W t'h
t he present |nvent|on |nd|V|duaIIy or as an ensenbl e
of ThMOp BEsdRY i rdferdti®nPra0GeSs e@bhesents BRNGbpaedtus Nfor

SO Al DRl gl e By asetaa .
copid resePtkierh inhélpt @éseprrdygiviayst ifermsuch that they are

comnbi ned pzt\é%ttalelletn@ngl ¥8rapPEPELssy fiefiRP@KABhydrin,
esters of acrylic acid or a process for preparing
nethacﬁ%ﬂIEWE g "However, it should al so be pointed
ot that adwannt a@éemsnEffégrs paepasivel | yeghegrigdamide,
achiequﬂﬁQ@@dtgg subject matter of the present
invention as such is used in another field or

Conbi nétl RV SO (e psdeds il il RSBV RatS:

here. 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-liquid mixtures or

other free-flowing substances can be conducted. In



Preparation of acetone cyanohydrin |In this process

el enment, acetone cyanohydrin is prepared by commonly
known processes (see, for exanple, Ul nmnn's

Enzykl opadi e der techni schen Chem e, 4th Edition,

Vol ume 7). Frequently, the reactants used are acetone
and hydrocyanic acid. The reaction is an exothermc
reaction. In order to counteract deconposition of the
acetone cyanohydrin forned -iA this reaction, the heat
of reaction is typically rean d by a su tab
apPaPRETsOTrhd irbhe (gn” dRALBS E%%du%ttﬁ#HW$ﬁ5P.ner|8he
asparbay iy proagki’sys orreferancent idsuousdpr otess thaheabave
coggﬁQyQ%s process is preferred, the reaction is
frequently perforned in a | oop reactor which is fitted
out appropriately. A main feature of a nethod | eading

t orthesdedispegrpreduet in hicgbriaetdswishothen ihkahtion
thenkeaghd A AdlGlL3aeag] £Y. Bhe SHITCALOR 1ECBEFLORea

tinme a reaction equl riumis Ifted in
di PECEHIVMRSTVE-HESFEAREH o YR APPATEHBFt i on, the
reaction product is frequently adm xed with an
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ofptqeﬁalrﬂattger P\%WGESt Pafisk eﬁengeaﬁti Rf FhaltYer PRI sa1kyl
Thee thad g adfest heoapei oney aittk kyrapacyani ¢ aci d |
reacta n r| e ct ti
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reactoanthaoﬁentlnuous nmode, for exanple in a |oop

ctor ed n y 1
Bt Bl TS P enl | BILAShALS, d TPy minacrytace,
V|a a eefereblyyvesadérahhy chaRdscatserybberat obgast one

Vent i ng:dtdo&%e!\htého]@ﬁm(‘ai paasimerasat€epnt ai ni ng

acet one hydro ani ci.d n thu

FoF oxdimrarsy R ofi b ARedsERd LP GabEuf o el
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t FSFar st PEAM ERT Btighth cBol 612 pr &V&r bl § tﬁrough A
bracn:e/lmcnttenlet ntRplymertieptobnt hearsciebpegfaowsr aad 2

bhed Yeaau! *enhﬁ SEBHS oecmu% ds 1 DaP@RAILNEr Ot fish,
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mor & 7t eser ear correspondi ng
s PEGsEPA§aRbwe FOr HewavRES | B P@lyﬁeﬁaﬁWEﬁ%%’sng acetone
sufd i ctpat wnﬁﬂe&ﬁly ane ofpdlhRcERSRI Vaidthaesgebsei s is
equi pped a_correspond S ' t hi
ggg%lpftm% héteVer, 6 %Pe%Q%EVSéM€$%§?dépmﬁgthéﬂblrgﬁh
comtespondbarRtéhairarhitéle SoRELBLtaREtaNRIdrigld can
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through this ves s ,or _through ﬁ LS s%rqul
THE t T e° ﬂee%%e?%née A the A reserv0|r na
pmilrttcrlapbeebath hmathacexS@tm i abtyinakpie rkar yth%tntzj@cess
%%béaqn hat the asegﬁeeohslhnfteeeglqytﬂm§ta&@a@tngs,
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t o about 20C.

fan
N



In the scrubbing tower, the acetone used for scrubbing
is cooled by neans of an appropriate cooler, for
exanpl e by nmeans of a plate cooler, with brine to a
tenperature of about O to about 10C. The tenperature
of the acetone on entry into the scrubbing tower is
therefore preferably, for exanple, about 2 to about

6C. - 13 - The hydrocyanic acid required in the
reacti on can be introduced-ibh®o the reactor either in

I| uid_or in gaseous form 1t _nma anpl be
1438r{edm t HEBRAY pr 5eREL 15 l??on1?ﬁ8ggﬁg?ﬁ§§owand
pr@mﬁ$sm d8éi hirdsngen pepdrirded camemifaal eradpbes. be
liquefied, for exanple by the use of an appropriate
coollng brine. Instead of |iquefjed hydrogyanlc ac |q
ilms,

coltnFHidi Fas thedPverr ik ahpta-ehybPogenres:
cyapbdengent mabui dhdvemmgased onaf t eoulsdingdl neppeirdaking

po%ﬂ§§1i§£fegpetgggtﬂgrgi¥Emﬁﬁ§§§f&§, flocculants and
drilling additives as preferred chemical products which
are based on an ultrapure methacrylic ester obtainable

by the process according to the invention.

Various process elements and plant parts will be
illustrated hereinafter, which can in principle be
combined with the present invention individually or as
an ensemble of two or more of the process elements
mentioned. In gome cases, it may be advantageous when
the process elements presentéd within the present text
are combined with the present invention such that they
are combined overall to give a process for preparing
esters of methacrylic acid or a process for preparing
methacrylic acid. However, it should also be pointed
out that advantageous effects can usually also be
achieved when the subject matter of the present
invention as such 1is used in another field or only
combined with some of the process elements presented

here.



of a basic catalyst in two gas scrubbi ng col ums
connected in series. In a further enbodi nent, hydrogen
cyani de and inert gas fromthe BMA process or can be
reacted with acetone a gas m xture conpri sing gases,
especially a crude fromthe Andrussow process, in the
presence of a basic catalyst and acetone cyanohydrin
in a gas-liquid reactor. In the process descri bed
here, preference is given totlusing a BMA crude gas or
an_Amdrussom1crude gas. The gas mixture resulting from
, = N Ee8sses for preparing
hydrogen cyanlde can be used as such or after an acid

scrybbipgg TE&D%EHQG Qﬁ%m@ﬁgn]tQ%e@@%epr99§§§hydfhn is
whi ch essenti al drocyani c acid é % en are
1
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at apsphermic oxygesctikdie cr utle gasrddr t hetAndr gsspheract
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con I cal | une of ¥
reactlon, the heat of reactlon is typlcally emoved by

a suitable apparatus. The reaction can be conducted in

principle as a batch process or as a continuous
process; when a continuous process is preferred, the
reaction is frequently performed in a loop reactor

which is fitted out appropriately.

A main feature of a method leading to the desired
product in high vyields is often that the reaction
product is cooled at sufficient reaction time and the
reaction equilibrium is shifted in 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.



vol ume of H20, 46.5% by vol unme of N2, 15% by vol une of
H2, 596 by volune of CO 2.5% by volune of NH3 and
0.5% by vol une each of CH4 and CQ2. \Wen a

non- aci d- scrubbed crude gas fromthe BMA process or
Andrussow process is used, the ammonia present in the
crude gas frequently acts as a catalyst for the
frequently exceeds the anpbunt and can therefore | ead
to high used for stabilization, such the crude gas.
required as a catal yst | 0s3€%® 6f sul phuric acid a

Cr%%e 982 i§c§§g§¥hg tower which is attached to the
reservoir vessel, the waste air escaping from the
reservoir vessel can be scrubbed with acetone, which
removes hydrocyanic acid from the waste air and
recycles it into the process. For this purpose, for
example, some of the amount of acetone introduced from
the reservoir vessel into the reaction is conducted in
the part-stream through a cooler, preferably through a
brine cooler, into the top of the scrubbing tower and

the desired result is thus achieved.

Depending on the size of the amount of end products to
be produced, it may be advantageous to feed the acetone
to the reaction from more than just one reservoir
vessel. In this context, it is possible for each of the
two or more reservoir vessels to bear a corresponding
scrubbing tower. However, it is in many cases
sufficient when only one of the reservoir vessels 1is
equipped 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.



subjected to an acid scrubbing in order to elimnate
amoni a therefrom Wen such an aci d-scrubbed crude

gas is used, it is then necessary, however, to add a
sui tabl e basic catalyst to the reactor in a catalytic
amount. In principle, known inorganic or organic basic
conpounds may function as the catal yst. Hydrogen
cyanide in gaseous or in liquid form or a gas mxture
conpri sing hydrogen cyani de,13and acetone are fed
continually to a loop reactor in the continuous node.
In this case, the | oop reactor conprises at |east one
megne ofydhreedhngc aceianeeonired Ah riree sucitimeansn abe
l eagErgnSCé?aQ%agortﬁ% egeggté}}: qlé'l@hg}% gﬂlsegyém.d or in

rocyanlc aci nmeans, ~and at
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pot assi um hydr oxi de sol ution, which can catal yse the
r edbei diydypgaretconpaidad daydr oﬁgﬁén?%a%ﬁj te gﬁ\}guefled'
aC@an&é&ryy_ﬁ[@ 'dHe udews¥ekbn apr@SrﬁtﬁaO deeefingouhine .
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reactor. Suitable mixing apparatuses are both mxing
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plastic or netal. Suitable plastics are, for exanple,
PVC, PP; HDPE, PVDF, PVA or PTFE. Metal m xers may
COItSiShe pobcexanpbecr bediloked, abtafeserxier cdenigimen to
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| doondriey | wap aeacigheric 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



- 16 - together with the acetone. In such a case, it
may be advant ageous when appropriate m xi ng of acetone
and catalyst is ensured before feeding into the | oop
reactor. Appropriate mxing can be effected, for
exanpl e, by the use of a m xer with noving parts or by
use of a static m xer. When a continuous process in a
| oop reactor is selected as the operating node in the
process described, it nay beldppropriate to exam ne
the state of the reaction mxture by instantaneous or

cONPLREEI CAnHEYsedt - Sthiky e t9fe Mdvantalf¥ vRAEME of
whek ¢ BppbPproRims of ¢G, ab 5% possidilvme @f @@t and 0.5%
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u

Furthernore, 1t is thus possi‘ble, for exanple, to
meter in the reactants very precisely in order to
m whehze yoe!lgeldssesbbear beﬁi@@n@&mgfﬂmalty&i sMaaprbeess
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- dount. In prlnc1ple, known inorganic or organic ba81c

compounds may function as the catalyst.

Hydrogen cyanide in gaseous or in ligquid form, or a gas
mixture comprising hydrogen cyanide, and acetone 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. liquid or gaseous
hydrocyanic acid, or two or more such means, and at

least one means for feeding a catalyst.

Suitable catalysts are in 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 is an organic
catalyst, especially an amine. Suitable examples are
secondary or tertiary amines such as diethylamine,
dipropylamine, triethylamine, tri-n-propylamine and the

like.



wi thin a tube bundl e heat exchanger. Dependi ng on the
anount of product to be produced, the capacity of an
appropri ate heat exchanger can be sel ected

differently. For industrial scale processes, heat
exchangers having a volunme of about 10 to about 40 n8
in particular have been found to be particularly
suitable. The tube bundl e heat exchangers used with
preference are heat exchanget3 which have a tube

bundl e fl owed throu d within a et ro
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Product is also renoved continuously fromthe storage
vessel into a stabilization vessel. The product is

adm xed there with a suitable acid, for exanple with
H2904. This deactivates the catal yst and adjusts the
reaction mxture to a pH of about 1 to about 3, in
particul ar about 2. A suitable acid is in particular

sul phuric acid, for exanple sul phuric acid having a
content of about 90 to about 14051, in particul ar of
about Q%to ab ut 981 H2SO4. - 19 - The stabili zed
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At the top of the columm, gaseous inpurities,
especi ally acetone and hydrocyanic acid, are renoved,
the renoved gaseous substances are cool ed by neans of
one heat exchanger or a battery of two or nore heat
exchangers. Preference is given here to using brine
cooling with a tenperature of about 0 to about 10C.
This gives the gaseous constituents of the vapours the
opportunity to condense. Thelfirst condensation stage
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Am dation In a further process element as frequently
provided in the preparation of nethacrylic acid or of
esters of nethacrylic acid, acetone cyanohydrin is
subjected to a hydrolysis. At different tenperature

| evel s-after a series of reactions, this forns

nmet hacryl am de as the product. The reaction is brought
about in a manner known to those skilled in the art by
a reaction between concentra&%d-sulphuric acid and
acetone cyanohydrin., The reaction js exothermc
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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,S0,.



- 24 - nore gas separators. The circul ation streans

whi ch pass through the first | oop reactor are
preferably in the range of about 50 to 650 ma/h,
preferably in a range of 100 to 500 nma/h and nore
preferably in a range of about 150 to 450 nma/h. In an
at least one further | oop reactor which follows the
first loop streans are preferably in a 650 na/h,
preferably in a rang nore priéferably in a range of
Moreover, a preferred heat exchangers is preference
bei ng given The acetone cyanohydrin can in principle
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Ther radde0 mfzztlbe .reactants in the | oop reactor is
controlled such that an excess of sul phuric acid is
present. The excess of sul phuric acid is, based on the
of the constituents, about 1.8:1 to about

g:l in the rirst | oop reactor and about 1.3:1 to about
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corresponding column. A suitable distillation process
can be conducted, for example, by means of only one

column. However, it is 1likewise possible, 1in 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 crude 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



The heat renoval is ensured by one or nore heat
exchangers in the |l oop reactor. It has been found to
be advant ageous when the heat exchangers have a
sui tabl e sensor systemfor controlling the cooling
performance in order to prevent excessively great
cooling of the reaction mxture for the aforenenti oned
" reasons. For exanple, it may be advantageous to
measure the heat transfer 1ma he heat exchanger or in
t he heat exchangers point by point or contrnuouslg and
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in a conventional manner by electrical energy or by
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- 27 - which may preferably be present in an at | east
doubl e, opposite arrangenent. This heats the reaction
m xture rapidly to a tenperature of about 130 to 180C
The heat exchanger can be conbi ned, for exanple, wth
one or nore gas separators. For exanple, it is
possi bl e to conduct the reaction m xture through a gas
separator after it |leaves the first tube coil in the
heat exchanger This can remve, for exanple, gaseous
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MYa@allaBkS. 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



It is frequently preferred to performa correspondi ng
esterification reaction with a battery of two or nore
tanks. Reference will therefore be nade hereinafter
exclusively to this variant. In the process descri bed
here, it is possible, for exanple, to feed an am de
sol ution as obtainable fromthe am dation reaction
described here into a first tank. The tank is heat ed,
for exanple, with steam Thé&Zam de sol ution supplied
gen ragl has an el evated tenperature, for exanple a
ﬁg ?% ¥ e 'of about 100 to about 180C, essentially
corresponding to the exit tenperature of the am de

S OITHE ' QBe&Sr?é“ éi}ﬁlo@&d@%' 8B4 AL | ﬂrbnp @ %B%éo@ b@ﬁ/ ethe
al kanol 1s ed to the tanks, which can

 ORTEhEI TR FAITOAS SHTT BbF b ik bl HOPBTare s 0
pr ahoupl ettanyoal Kanal s shawi ngy 1 tthe abold 4mwcboacetone
atg &Hrgﬁh Ry b6, 14 NG o %n%%t $RLYr akeHaRber.

uns partlcul preference bejng glven to
ne?H]aﬁ%cﬂuenﬂiLéfse QF%aﬁBF%O%yCY?R%W%Ibe sEQ°t8getRer?
W témpetdtaciey | o aistwt S30 Wwhochbbatt Beccasy espasi alf yat
| Ny LEanseRl erbileal s TARaLaRK haalRiehal opdaidy
er, so that there is a total water c ncentra ion in
thén?%ﬁW?Qﬁaﬁﬁéyut 13 to about 26% by wei ght, in
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aIx&%%%iggzabout 1:1.4 to about 1:1.6 exists. The
al kanol can be distributed over the tank battery such
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CQRRYAES 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



a battery of two or nore are the fed - 30 - the
first tank need not be counteracted by conplicated

def oanmi ng apparatus. In the case of passage of the
gaseous substances fromthe first tank into the second
tank, the foam which has been forned in the first tank
and nmay have been entrained al so enters the reaction
chanber of the second tank in a sinple manner. Since
the foamformation there is Ipenerally significantly

| ower, there is no need to use defoam ng apparat us.
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heat exchangers. Since the viscosity of the mixture
rises greatly with falling temperature, the circulation
in and the flow through the loop reactor is firstly
complicated, and sufficient removal of the reaction

energy from the system can secondly no longer be

ensured.

In addition, excessively low temperatures in the
reaction mixture can lead to a crystallization of
constituents of the reaction mixture at the heat
exchangers. This further worsens the heat transfer, as
a result of which a clear yield reduction can be
detected. In addition, the loop 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 is
introduced into a first loop reactor. A first 1loop
reactor preferably has one or more heat exchangers, one

or more pumps, one or more mixing elements and one or



The vapours escaping fromthe tanks are passed into a
distillation colum, this preferably being effected in
the |l ower region of the distillation colum. The
vapours conpri se an azeotropic mxture of carrier -
31 - steam nethacrylic esters and al kanol and,
dependi ng on the al kanol used, have a tenperature of
about GO to about 120C, for f xanpl e about 70 to about
90C when nethanol is used. Th the distillation
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back into the esterification process by feeding it

into the first reaction tank. The renoved organic

phase is fed into a scrubber. There, the nmethacrylic
ester is scrubbed with dem neralized water. The
separ at ed aqueous phase which conprises a m xture of



esters, polyneri zation often takes place when

nmet hacrylic acid or nethacrylic ester firstly have a

- 33 - lowflowrate, so that |ocal cal mzones can
form in which contact | asting over a | ong period
between nmethacrylic acid or nethacrylic ester and a

pol yneri zation initiator can be established, which can
subsequently lead to polynerization. 1In order to
prevent such polynerizati onh haviour, it may be
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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 cyanchydrin 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



It has al so been found to be advantageous in the
process presented here when, for exanple, the offgases
conpri sing carbon nonoxi de from precedi ng processes,
especially fromthe am dation step, are passed through
the esterification plant togetherr with steam In this
way, the gas mxture is once again purified to renove
conpounds whi ch can be renoved in solid or in liquid
form Secondly, these are ecokbected at a central point
and can be sent to further utilization or disposa
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pury?lcatlon whi ch constitutes a further process

el ement can, for exanple, be in one stage. However, it
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In the battery of heat exchangers, the vapours are
condensed, provided with stabilizer and, for exanple,
fed to a phase separator. Since the vapours may al so
contain water, any aqueous phase which occurs is



reaction, for exanple into an esterification reaction
as has been descri bed above. In this case, the aqueous
phase is preferably recycled into the first
esterification tank. The renoved organic phase is fed
as ref lux into the top of the colum. Sone of the
organi ¢ phase can in turn be used to spray the tops of
the heat exchangers and the top of the colum. Since

t he renoved organi c phase 1+ 27 -phase whi ch has been
adnm xed with stabilizer, it is thus possible firstl%
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after it leaves the first tube coil and after it leaves

the second tube coil.

The amide solution thus obtainable generally has a
temperature of more than 100°C, typically 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 in 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



- 37 - esters. The advantage of such a procedure I|ies,
for exanple, in transferring such a proportion of

nmet hacrylic ester which has not been condensed in the
mai n purification stage once nore via the phase
separator into the purification colum in the
prepurification. It is thus ensured, for exanple, that
a maxi m zation of yield can take place and m ni mum

| osses of methacrylic esters2®gccur. Mreover, the
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load themwith a sufficient anpbunt of liquid, so that
constant flushing of the colums and especially of the
colum internals such as packings is achieved. For

i nstance, the colums may have spray devices which are
designed for the spraying of the colum internals. In



- 39 - interrupted adhesi on seans. Such adhesi on seans
have at |east about 2, preferably at |east about 5 and
nore preferably at |east about 10 interruptions for 1
m of adhesi on seam | ength. The | ength of these
interruptions may be sel ected such that they make up
at | east about 10% preferably at |east about 20% and
nore preferably at |east about 50% but generally not
nore than 95% of the adhest are seam | ength. Anot her

desi gn nmeasure nmay be that, in the internal regions of
t heocpsrahted espelki 4hRy Ehdostadhith agonmatiin optidd to
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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 1is 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 being fed
directly to a purification. This procedure offers the

advantage that the frequently high evolution of foam in



- 40 - exchangers to a tenperature in a range of about
40 to about 80C, preferably about 40 to about 60C and
nore preferably in a range of about 50 to 60C.

Thi smat eri al , whi chconpri sespredonm nantly nethacrylic
ester, hydroxyi sobutyric ester, nethacrylic acid and
stabilizer conponents, is subsequently, via a storage
vessel, for exanple, disposed,of or sent to another
use. It has been found to be advantageous in many
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lower, there is no need to use defoaming apparatus.

The second tank arranged downstream of a first tank
then firstly takes up the overflow of the first tank;
secondly, it is fed with the gaseous substances formed
in the first tank or which are present in the first
tank. The second tank and any following tanks are
likewise charged with methanol. It is preferred here
that the amount of methanol decreases by at least 10%
from tank to tank, based in each case on the preceding
tank. The water concentration in the second tank and in
the further tanks may differ from that of the first
tank; the concentration differences 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 Ilikewise 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



At the top of the columm, the nethacrylic ester
‘purified by distillation is withdrawn and cool ed by
nmeans of a heat exchanger or a battery of two or nore
heat exchangers. The heat of the vapours can be

renoved by neans of water-cool ed heat exchangers or by
nmeans of brine-cool ed heat exchangers or by neans of a
conbi nation of the two. It has been found to be useful
in sone cases when the vapows fromthe distillation
colum are transferred into two or nore heat _
ex&hanfer setleamiatticd dstepar anfeplkapp st e dSperaieg on

by treans xehotati@fed,00hdRg. a Thempgaeabdensed fapatki @®E to

fro ter-cooled heat exchanger OLno
SRphEC 1R El PR SRR TR (TS TR BaofBuhegcc, when
exmhahgm’l orisa pateder yInf theo Giskbléabiohmecedomad the

heatatﬁé@bmréstémll%h s@wrbee@rﬁar@@éd@, Fekhesron the
condensat es og% ai na from t he

o 1 o1l tem ene:g. ures,.
exgﬁgﬂ‘é]érg %?% FHEoaUBEEH Rt & eqéqtl ng Vessel and"
seffhet dnafb@bhép-ngesfs@ctbpnﬁeah@mlya lpﬁhﬂﬁﬁ‘?\m‘ﬁd-lai acid,

f upt,Besx b&&%@ng@gt&rs rhﬁtxfez?ié&)()fafé’\or@éyé@& into
t exchan sate.strea

f
LiteAm g art oot O it
ongsodrewn wHiferattovhedthpabiexdlkampansnarrhbreodred viey

br inasngoak ed heat exehanger soﬁoz;mba@t@q; emoews Us£ ﬂné‘re

ran about 0 _to_about 20 bl
abaﬁ? 1%’691%?ﬁt9erﬁ§re 5 BR8r BBFY “rg%urg{ eté’n b‘% ngu%n S?%e
10€asds peindr stireanetismanyllidr @shefr om t:hel@d.)nbhemsares of

strean.and iSd ek(f‘é/étl. egxél@&r%rélt!;e dist ivhkahi eRse0l UM ret
via the top of col um he_condensat e trea

B e T ot Lt UL Ve
wag, chbolimxanpl @ tveampdirsturdudraboHoweyere abowy3 HEC,

a%ﬁﬂi@%%a@é&e%ﬂn@%sw@a oﬁea@eem%@@ahﬁdéﬁm a
fed into the vapour l'ine above the to

co‘F‘EfH‘]lnq o eRBAPF e 2s frayB¥im. 135 & anﬁt psfteifeear“f et ™
t halte thateA-eediled absdensdtrodime dsstialfirbodreedi as oreheux

t op, ofnd r@:l%?dnlémfo cbHELREFa P -Shceam of the column

condensate I ntended for recycl] n% into thg col u can,
f HOWHp| € BE SAEALHEAPOT IR &% FeNap srmFF]a%CfY e
beé@ufeec | pbrmstichbyomeand lf iant batuered dir ectky tieto two

f&fegngp gﬁﬁgng f@' umn. Here fcgl Ze' ty slergo%rsrl%qet hafor

this roduces stabi r into the top of
cAxAmPLleThel Juftr dduciRdnT Haffeo & O dofo% le_ﬁa@a Lﬂ’ﬁ‘l Do
ca&aﬁ&%&f edLQ{ea&?(aajfaJ:ﬁangdrfUCmraedmﬁ t hat sieh:&ﬁs hand
erior. of_the top o C [ y t
cg%%eensaf)e suc%eY%a ggg&nﬁoz%% glgnp%}gr %%a\#st hektgan
ofappreprdlgsnbai nahtetl achdomt REERFRILL est er can
polynerize. It nmay additionall y be advant ageous to add

t abi | f Tl t t
o R e B o e eret oRberentTh: pfrey  the
cotatmcrPiiiis eamnelbe fhomed fren deampicaddy addiyy g@seous

appr Ry 1 By epahRy ntofofa Pek ¥ger hzati Ukdhahighi-t Grith water
asstabil1zer to the condensate par am | nten

str
oy | HotE doREPaRhodn e B aRTeoT | SHaE Ry are
f aihch tadxedadyantageoss segosdmhesds escafaagetrhe where a

23t & cg‘ﬁ{ tr;b L83Mp r};’if h&ind heraddickhonRf1 it takes

st I zer ore e |ntotheto of the
ccﬂllﬂﬁ? Hes selats hpotih atetii pABTRL ey xﬁﬁ@eous 45ubstances

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



apparatus, preferably a static mxer, in order to
achieve very uniformdistribution of the stabilizer in
the condensate part-stream The uncondensabl e gaseous
subst ances which are obtained in the purification
process are, for exanple, sent to disposal. The crude
product present in the buffer vessel is kept with the
aid of a brine cooler at a tenperature of about 0 to
about 20C, preferably about I2-t-0 about 15C and nore
preferably in a range of about 2 to 10C. In order to
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It has been found to be advantageous in sone cases

when corrosion is prevented in the heat exchangers and

the cooling action is inproved further by introducing

a m xture of water and organi c conmpounds, as obtai ned

by scrubbing in the course of the esterification in

the purification of the nethacrylic ester prepared,

into the heat exchangers in such a way that the tops

of the heat exchangers are-spPayed with this m xture.

In_addition to the corrosion-reducing action and the

codPPng I tHedeacitP i Fathelpeat exthargess eapsformyqin

- phdackducentast a fandihey adeant ageloMat esdmlodhibeliween

st e ifigcati j re te nd
or SESEERROf B | RReb2pEi el © et fhnid

esP@ﬂWFéh%@‘b#berb‘é@stattoég étFerban Q%Fath%é shefhatpyriccan

ackdbasguekt hadredd eoepbeymsterading.f rom exactly this

process. In the stripper, the above-described

flotation affords m xtures of acid and solids. After

t h&Pr JreRsvdlc, RYRsEataraidemoegiyat tPRhEphasecwr. t ot

di ﬁgyswe ddvrahsapesss bke, obeﬁmexerrphe, stibstietdefB&R to

nLesy I% ng nlﬁture in a ¢l eayage @&gnt and_ henge LR
r

ob BFn SGFpRuri © 3¢ d agal (' %dnd TN orde to-recover '
soﬁ@tbﬁcrm%neﬁ})ﬁmsﬁ i PR hethsr odweddacTpigic acid is

unsepdeasaid 8 mﬁg@uatcmf @ﬁ@hﬁlemw aed gfdntnh% in the
Strl I Ng S, nt tO n t he use I ISP

TheY B %ﬁtt ggcr? ed ™ 3$e¥f(§gr8ﬁ%%ln r’%ollof”S % %gm?ﬁed
coﬁ%ﬁhﬁﬁrmﬂﬁﬁj &ﬁdmﬁwrbﬁeéﬁﬁﬁnﬁ§9¢ﬁﬁﬁﬂﬁQﬂadeEHFbﬁeStream

esLr ikt BaE PN PrLees Sod nﬁ@cfe&e@mm fe'éltérpﬂ@@ﬁséuﬂﬁélble
also elPerforned for exanpl .ce for reasons_o

b C?I erlzatl argel
op%r%?lona rell%%lllty ForP?met4anéé, "the t\o or n% e

f | tppiereadessel s can be used offset in tine. Since
solids can settle out in these vessels, it is
antggeous 0 re en1mhen tQ%$part cul c
E G R R e i e
Wi ¢ rerovaibein | pmcrmled hen aftixeld with séhbiéhgers osuch
nocn{aﬂ.m L1 RYn dhaiv m8§eﬁngf eF@Wﬂ@ﬁlZJﬁ%fﬁ(ﬂk@@ i®lace in

Wi n%z%éhowtsoerlgf o &0 antrhéystemf grjg aﬂ—be' N9 ¢

rretmylpameuhatmyl dte, wisigh 2hea rpdetatmcrfydrwpr@@mw py the

a(h‘?étﬁ{la%r%fyﬂ@(’héégﬁéP Fgg r%seﬁtwoﬂfUF}u@hant:OBQEntratlon
acetone c¢yanoh ggrln Fig.. 4. an am datjion e' gled 'éﬁth

5: AU s t é’ﬁ f7 ?orFkkﬁ aﬁtlstlllatlon is

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 is 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



Fig. 6: a plant for prepurifying the ester, Fig. 7: a
fine purification plant for the ester. - 45 - Fig. 1
shows the preferred elenents of a plant system 1 for
preparing nmethacrylic acid or nethacrylic esters and
their further processing products. The plant system 1
has various plants connected to one another usually in
a fluid-conducting manner as_elenents of this system
This plant systemincludes” at&tone cyanohydrin
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EXAMPLES A nethyl nethacrylate stream of 10 n8/h was
passed through a 50 litre vessel conprising a

nol ecul ar sieve filling of Baylith(r), comercially

avai |l abl e from Kurt Oberneier GrbH & Co. KG Cernmany,

of 40 kg at 35C. The stream was not stopped to renove
the nol ecul ar sieve until the uptake capacity of the
nol ecul ar sieve had been attained. After flow ng

t hrough the nol ecul ar sieve,zan ultrapure nethyl

net hacryl ate was renoved at the outlet of the vessel,
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the content of low boilers, to be adjusted.

Owing to the feeding of water in the prepurification of
the methacrylic ester, the water content in the
esterification and the concentration of low-boiling
constituents in the crude methyl methacrylate overall
can rise continuously. In order to prevent this, it may
be advantageous to discharge some of the water fed to
the system out of the system, preferably continucusly.
This discharge can in principle 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 utilizeg this content of organic substances.

For example, it may be advantageous when water thus
contaminated with organic substances is 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




4Spent sul phuric acid line - ester 5Spent sul phuric
acid line - acid 6Methacrylic acid |line 20 Acetone
cyanohydrin preparation 30 Acetone cyanohydrin workup
40 Am dation SCEsterification SOa Hydrolysis
60Prepurification 70Fi ne purification 80Further
processi ng plant 90Fi ni shing

- 38 =~

For the fine purification of the methacrylic ester, the
crude prepurified wmethacrylic ester is subjected to
another distillation. This frees the crude methacrylic
ester of its high-boiling constituents with the aid of
a distillation column to obtain a pure wmethacrylic
ester. To this end, the crude methacrylic ester is
introduced into a distillation column, sometimes into
the lower half, in a manner known to those skilled in

the art.

The distillation column can in principle correspond to
any design which appears to be suitable to those
skilled in the art. However, it has been found to be
advantageous in many cases for the purity of the
resulting product when the distillation column is
operated with one or more packings which correspond

approximately to the following requirements:

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 1leads 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
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interrupted adhesion seams. Such adhesion seams have at
least about 2, preferably at least about 5 and more
preferably at least about 10 interruptions for 1 m of
adhesion seam length. The length of these interruptions
may be selected such that they make up at least about
10%, preferably at least about 20% and more preferably
at least about 50%, but generally not more than 95% of
the adhesion seam length. Another design measure may be
that, in the internal regions of the column, especially
those which come into contact with the methacrylic
esters, less than about 50%, preferably less than about
25% and more preferably less than about 10% of all
surfaces, especially of column internals, run
horizontally. For example, the stubs which open into
the interior of the column may be configured conically
or with oblique surfaces. Another measure may consist
in keeping the amount of 1liquid methacrylic ester
present in the column bottom as low as possible during
the operation of the column, and secondly in preventing
overheating of this amount in spite of moderate
temperatures and large evaporation surfaces during 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 in the column bottom is
preferably removed continuously and cooled by means of
a heat exchanger or a Dbattery of several heat
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exchangers to a temperature in a range of about 40 to
about 80°C, preferably about 40 to about 60°C and more
preferably in a range of about 50 to 60°C.

This material, which comprises predominantly
methacrylic ester, hydroxyisobutyric ester, methacrylic
acid and stabilizer components, is subsequently, via a
storage vessel, for example, disposed of or sent to
another use. It has been found to be advantageous in
many cases when the material obtained in the column
bottom is recycled into the esterification reaction.
For example, the material from the column bottom is
recycled into the first esterification tank. This gives
rise to the advantage that, with a view to a very
economically viable method and a very high vyield,
relatively high-boiling compounds present in the column
bottoms are recycled into the esterification reaction.

At the top of the column, the wmethacrylic ester
purified by distillation is withdrawn and cooled by
means of a heat exchanger or a battery of two or more
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 brine-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
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example, by means of a battery of one or two water-
cooled heat exchangers and one or two brine-cooled heat
exchangers down to a temperature in a range of about 0
to about 20°C, preferably about 0 to about 15°C and
more preferably in a range of about 2 to 10°C.

A part-stream is withdrawn from the condensate stream
and is recycled into the distillation column via the
top of the column. The condensate stream can be fed
into the top of the column in principle in any way, for
example via distributors. However, it may be
advantageous when a portion of the condensate stream is
fed into the vapour line above the top of the column,
for example sprayed in. It is also preferred that this
feeding also introduces stabilizer into the top of the

column.

A further part-stream of the condensate intended for
recycling into the column can, for example, be branched
off into the wvapour line before introduction and be
introduced directly into the top of the column. Here
too, it 1is 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 is
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
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apparatus, preferably a static mixer, in order to
achieve very uniform distribution of the stabilizer in

the condensate part-stream.

The uncondensable gaseous substances which are obtained
in the purification process are, for example, sent to

disposal.

The crude product present in the buffer vessel is kept
with the aid of a brine cooler at a temperature of
about 0 to about 20°C, preferably about 0 to about 15°C

and more preferably in a range of about 2 to 10°C.

In order to remove any further impurities £from the
product and to arrive at ultrapure alkyl methacrylates,
the product can also be subjected to an absorptive
purification stage. It has been found to be useful, for
example, when the pure product as a whole, or at least
a portion of the pure product, is purified further with
the aid of a molecular sieve. Particularly acidic
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
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ester is therefore withdrawn downstream of the buffer
vessel but upstream of the adsorptive purification
stage in order to be flushed over the top regions of
those heat exchangers which take up the vapours

stemming from the distillation column.

The product obtained in the purification stage is
subsequently withdrawn from the purification stage with
a temperature in a range of about -5 to about 20°C,
preferably about 0 to about 15°C and more preferably in
a range of about 2 to 10°C.

Stripping of the consumed acid

In the process presented here, it may be advisable, for
example, in a further process element, to subject the
consumed sulphuric acid obtained in the process to a
purification in order to subsequently recycle it back
into the process. In this case, for example, a stream
comprising consumed sulphuric acid, as can be obtained
from the esterification, can be contacted with steam-in
a flotation wvessel. As this is 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 wmixture. 1In
addition to the corrosion-reducing action and the
cooling of the acid in the heat exchanger, this
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procedure has a further advantage. Material which stems
from the esterification (a mixture of water and
predominantly methanol) is recycled into the
esterification process together with the methacrylic
acid and methacrylic ester stemming from exactly this
process. In the stripper, the above-described flotation
affords mixtures of acid and solids. After their
removal, these are sent to any further use or to
disposal. It is possible, for example, to incinerate
the resulting mixture in a cleavage plant and hence to
obtain sulphuric acid again and in order to recover

some of the energy used in the process.

The uncondensable gaseous compounds obtained in the

stripping are sent to any further use or disposed of.

The plant described here for removing solids from the
consumed acid and for recycling material £from the
esterification process into exactly this process can
also be performed, for example, twice for reasons of
operational reliability. For instance, the two or more
flotation vessels can be used offset in time. Since
solids can settle out in these vegsels, it is
advantageous to <zremove 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. a plant for preparing acetone cyanohydrin,

Fig. a workup plant for acetone cyanohydrin,

Fig. an esterification plant,

a plant for prepurifying the ester,

a fine purification plant for the ester.

2
3

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

Fig.
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Fig. 1 shows the preferred elements of a plant system 1
for preparing methacrylic acid or methacrylic esters
and their further processing products. The plant system
1 has various plants connected to one another usually
in a fluid-conducting manner as elements of this
system. This plant system includes acetone cyanohydrin
preparation 20, followed by acetone cyanohydrin workup
30, followed by an amidation 40, followed by an
esterification/hydrolysis 50/50a, followed by a workup
for ester or methacrylic acid 60, followed in turn by a
fine purification 70, after which the ester, usually
methyl methacrylate, or methacrylic acid is present.
The pure ester/pure acid thus obtained can be sent to a
further processing plant 80. Useful further processing
plants 80 include in particular polymerization
apparatus and reactors for further organic reactions.
In the polymerization reactors, polymethacrylates can
be prepared, and, in the reactors for organic
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 methacrylate,
they are processed further to give fibres, moulding
compositions, especially granules, films, slabs,
automobile parts and other mouldings by guitable
equipment such as extruders, Dblown-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
ugeful 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 Technigues for the
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Manufacture of ©Large Volume Inorganic Chemicals -
Amonia Acids and Fertelizers” obtainable via the
European Commission. The sulphuric acid plant 100 is
connected to a series of other plants. For instance,
the acetone cyanohydrin preparation 20 is supplied with
concentrated sulphuric acid via a sulphuric acid line
2. Moreover, a further sulphuric acid line 3 exists
between the sulphuric acid plant 100 and the amidation
40. The dilute sulphuric acid also referred to as
“Spent Acid” from the esterification 50 (hydrolysis
50a) is transferred to the sulphuric. acid plant 100
through the lines for spent sulphuric acid 4 and 5. In
the sulphuric acid plant 100, the dilute sulphuric acid
can be worked up. The workup of the dilute sulphuric
acid can be effected, for example, as described in
WO 02/23088 A1 or WO 02/23089 Al. In general, the
plants are manufactured from the materials which are
familiar to those skilled in the art and appear to be
suitable for the particular stresses. Usually, the
material is stainless steel which must in particular
have exceptional acid resistance. The regions of the
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 cyanochydrin 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
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elements 24. A series of offgas lines 25 which stem
from various plants in the plant system 1 open into the
scrubbing tower 23. The acetone is fed into a loop
reactor 26 via the acetone feed 27 and the hydrocyanic
acid via the hydrocyanic acid feed 28 downstream of the
hydrocyanic acid feed 28 1is disposed a pump 29,
followed in turn by a catalyst feed 210 which is
followed by a static mixer 211. This is followed by a
heat exchanger 212 which has a series of flow
resistances 213 and at least one cooling line 214. In
the loop reactor 26, the reaction mixture consisting of
acetone, hydrocyanic acid and catalyst is conducted in
a circuit to a considerable degree, which is indicated
by bold 1lines. From the heat exchanger 212, the
reaction mixture is conducted via the flow resistances
along the cooling lines 214, and a portion of the
circulation stream is passed into a further heat
exchanger 215 to which is connected a collecting vessel
216 in which a nozzle 217 is present as part of a
cooling circuit 218 with a heat exchanger 219, which
keeps the reaction product  firstly in motion and
secondly cool. Via an outlet 220 which follows the
collecting vessel 216, a stabilizer vessel 221 is
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 cyanohydrin preparation
20, the outiet 223 opens into a heat exchanger 31 in
which the stream coming from the cyan preparation 20 is
heated. A vapour 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
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heats the streams conducted through the outlet 233 into
the heat exchange 31. A pure product 1line 37 is
connected to the heat exchanger 31, which is followed
downstream by the amidation 40. In the top region of
the column 33 is disposed a tops outlet 38 which opens
into a heat exchanger 39 to which a vacuum pump 310 is
connected and opens in turn into a heat exchanger 311.
Both the heat exchanger 39 and the heat exchanger 311
are connected via lines to a cooling vessel 312 to
which a recycle line 313 is connected and is connected
to the loop reactor 26 in the acetone cyanohydrin

preparation 20.

The amidation 40 depicted in Fig. 4 first has an
acetone cyanchydrin feed 41 and a sulphuric acid feed
42 which open into a loop reactor 43. The acetone
cyanohydrin feed 41 connected to the acetone
cyanohydrin workup 30 opens into the circuit of the
loop reactor 43 downstream of a pump 44 and upstream of
a mixer 45. Upstream of this pump 44, the sulphuric
acid feed 42 opens out. The mixer 45 1is followed
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 1line 51 which conducts water and organic
solvent, and an amide line 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



716 High boiler line 717 Reduced-pressure generator -
57- Clains 1. A process for purifying an al kyl

nmet hacryl ate, conprising the steps of: A. providing
an al kyl nethacrylate with an inpurity; B. adsorbing

at

| east 'some of the inpurity onto a purifying solid

to obtain an ultrapure alkyl methacrylate; wherein the
purifying solid includes at 4Igea_st 10% by

line 55 opens out both in the upper and in the lower
region of the tank 53. The first tank 53 is connected
to a further tank 53’ , which has a further tank heater
54’ , via an ester vapour line 56 indicated by a line of
dashes and dots. This further tank 53’ too is connected
to the alcohol line 55 both from the bottom and from
the top. The ester vapour line 56 is connected to the
upper region of the tank 53’ and opens into a bottom 57
of a column 58. In addition, a 1line for dilute
sulphuric acid 59 is present in the upper region of the
tank 53’ . A tank unit 510 encircled in a dotted ellipse
is formed from a heatable tank 53 and 54 with alcohol
line 55 and ester vapour line 56. It is possible for
one, two or more of such tank units to follow in
battery-like succession, each of these tank units 510

being connected via the ester vapour line 56 to the

"pottom 57 of the column 58. From the bottom 57 of the

column 58, a high boiler line 511 also leads to the
tank 53, in order to feed water and organic solvent
back to the esterification. In the wupper region,
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
“wg”) and a further stabilizer feed 515 may be provided
in order to feed an inhibitor or stabilizer which
prevents undesired polymerization. Comnected to the
further phase separator 513 is 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



wei ght, based on the purifying solid, of a silicon-
oxygen conpound. 2. Process according to Claiml,
wherein a nultitude of particles of the purifying
solid are accommpdated in a purifying vessel, the
purifying vessel being flowed through by a liquid

al kyl nmethacrylate. 3.Process according to Claim1l or
2, wherein the purifying solid has a specific surface
area in a range of about 400°¢ 6 about 1500 n2/ g.
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abG&it 7 .. 6. Process according to one of the

precedi ng cl ai s,
The ester workup shown in Figure 6 is connected to the

esterification 50 via a crude ester line 61, the crude
ester feed 61 opening into the middle region of a
vacuum distillation column 62. This column 62 has
column internals 63 and a bottom heater 64 arranged in
the lower region of the column 62. From the lower
region of the column 62 which constitutes the bottom of
this column, an ester outlet 65 exits, opené into the
ester fine purification 70 and hence feeds the crude
ester freed of low boilers to the fine purification. In
the upper region of the column 62, usually in the top,
a  first heat exchanger 66 1is connected via an outlet,
as are one further heat exchanger or a plurality of
heat exchangers 67 which are followed by a phase
separator 69. In the phase separator 69, the stream 68
and the mixture stemming from the heat exchanger 67 is
divided into organic and aqueous constituents, a
recycle line 611 in the upper region being connected to
the phase separator 69 and opening out in the upper
region of the column 62. In the lower region of the
separator, a water outlet 610 is present and opens into
the esterification 50 in order to feed the water
removed back to the esterification. A reduced-pressure
generator 613 is 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



wherein at |east 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 clains, wherein the wei ght-average
particle size of the purifying solid is in a range of
about 0.5 to about 10. - 58 - B.Process according to
one of the preceding clains, wherein the purifying

solid includes at |east 10%4d1y wei ght of a zeolite.

one (or more) further heat exchangers 76 which are
connected to a reduced-pressure generator 717. The
outlet of the further heat exchanger 76 has a line from
which, firstly, an ester recycle line 77 opens into the
upper region, or into the top, of the distillation
column 71. The ester recycle line 77 has a stabilizer
metering point 79 which 1is disposed in the ester
recycle line 77 upstream of a mixer 78. Secondly, from
the line of the further heat exchanger 76, a pure ester
outlet 710 exits. An additional heat exchanger 711 and
another heat exchanger 712 are connected to this in
series connection. These are followed by a molecular
sieve vessel 713 which has molecular sieve packings
714, Purified further by the molecular sieve, the
ultrapure ester is transferred through the ultrapure
ester outlet connected to the molecular sieve vessel

into the further processing plant 80.

EXAMPLES

A methyl methacrylate stream of 10 m°/h was passed
through a 50 litre vessel comprising a molecular sieve
filling of Baylithe, 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 wmethacrylate
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 ultrapure 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



9. Process according to one of the preceding cl ai s,
wherei n al kyl methacryl ate has been distilled off for

prepurification before step ii. 10. Process according
to one of the preceding clains, wherein the alkyl
met hacryl ate provided in step i. includes at |east one

of the followng inpurities: a. formc acid in an
anmount of not nore than 0.05% by wei ght; b.
nethacryllc acid in an anoungzof not nore than 0.1% by
wei ght; c¢. sul phur dioxide in an anmobunt of not nore
th@@l@m@ﬁi&&@yun@égh&deﬂﬂ1c£!ocam&numumsr@mdg;maidnedoby
th tionally conprising, as
gfg&%gﬁgbgﬁerng#ﬁ?gégﬁgpat|on of the purifying
SO|Id foll owed by the reuse of the regenerated
purifying solid in step ii. 12. Process according to
one of the preceding clains, whereinatleaststep ii.
i seffected continuously. 13. Aprocess for preparing an
ultrapure al kyl nethacrylate, conprising, as steps:



produci ng an optionally prepurifiedal kyl nethacryl at e;
purifying the alkyl nethacrylate by a process.
according to one of the preceding clains. 14. Process
accordi ngt od ai L3, wher ei nthe production of the alkyl
met hacryl ate, conpri ses the steps of A providing an
acet one cyanohydrin; B. contacting the acetone
cyanohydrin with an inorganic acid to obtain a

nmet hacryl am de; C. contacti®y the nmethacrylam de with

an al cohol to obtain an al kyl nethacrylate; - 59 -
Reference numeral list

1 Plant system

2 Sulphuric acid line

3 Further sulphuric acid line

4 Spent sulphuric acid line - ester
5 Spent sulphuric acid line - acid
6 Methacrylic acid line

20 Acetone cyanohydrin preparation
30 Acetone cyanohydrin workup
40 Amidation

50 Esterification

50a Hydrolysis

60 Prepurification

70 Fine purification

80 Further processing plant
90 Finishing

100 Sulphuric acid plant

21 Acetone vessel

22 Hydrocyanic acid vessel
23 Scrubbing tower

24 Cooling elements

25 Offgas lines

26 Loop reactor

27 Acetone feed

28 Hydrocyanic acid feed

29 Pump

210 Catalyst feed

211 Mixer

‘212 Heat exchanger

213 Flow resistance

214 Cooling lines

215 Heat exchanger

216 Collecting vessel

217 Nozzle

218 Cooling circuit

219 Heat exchanger

220 Outlet



D. optionally prepurifying the alkyl nethacrylate. 15.
Appar at usf or prepari ng conprising, connected to '
conducting form aplantel ement cyanohydrin, fol |l owed
by; a plant elenent for foll owed by;

apl ant el ement f or prepari ng nmet hacryl ate, optionally
followed by; a plant elenent for purifying

net hacryl ate, optionally followed by; a plant el ement
for polymerization, followed5By; a plant element for
finishin t he for\Purlflcatlon conprising a vesse

puriflyi fGaBbtiging vessel

222 Sulphuric acid feed
223 Outlet

31 . Heat exchanger

32 Vapour feed

33 Column

34 Packings

35 Column bottom with heat exchanger
36 Bottoms outlet

37 Pure product line
38 Tops outlet

39 Heat exchanger

310 Vacuum pump

311 Heat exchanger

312 Cooling vessel

313 Recycle line

41 Acetone cyanohydrin feed
42 Sulphuric acid feed
43 Loop reactor

44 Pump

45 Mixer

46 Heat exchanger

47 Gas separator

48 Gas outlet

49 Feed
410 Further loop reactor
411 Feed

412 Heat exchangerxr
413 Gas separator

414 Gas outlet

415 Amide line

51 Solvent line

52 Amide line

53 First tank

54 First tank heater
53’ Further tank

54f Further tank heater
55 Alcohol line



16. Apparatus according to Caim1l5, wherein a

mul titude of particles of the purifying solid are
accommodated in a purifying vessel, and the purifying
vessel can be flowed through by Iiquid alkyl

nmet hacryl ate. 17. Apparatus according to Caim15 or
16, wherein the purifying solid has a specific surface
area in a range of about 400 to about 1500 nR/g. 18.
Appar atus according to oneed5 Cains 15 to 17, wherein
the purifying solid_has a pore size, determ ned by the
anéPysi ESER0CBEOUEpedltied in the description, of in

t he7r angelwin alattom0. 01 t o about 2 nm 19. Apparat us
acggrdi Agy one of Clains 15 to 18, wherein the

puri fying solid has a bulk density in the range of
abBft 9Wrnto 36U 1960 g/ cnB. 20. Apparatus according
t ospoe mniChaiins 15 to 19, wherein at |east 80 by

weLght of .the .parti¢cles of the - 60- purifying solid
haégba.%%ﬁq!%:qiégi;gngn the range of about 0.5 to

abdbl? Ieafmexzhanggpar at us according to one of C ains
15519 ZfhasdhespafatBe Wei ght-average particle size is

;2%f4rqﬁgﬁ{qf abo%te .5 to about 10. 22. Apparatus

or ding 0'8he 6 ains 15 to 21, wherein the

pupl ¥ yiFiyrtdein ¢terkRélides red east 10% by wei ght, based
onsibe Puddfaring sehidn of a silicon- oxygen conpound.

517 Solvent line

518 Crude ester line

519 Flotation vessel

520 Spent acid outlet

521 Heat exchanger

522 Low boiler wvapour line

61 Crude ester line

62 Vacuum distillation column

63 Column internals

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



23. Apparatus according to one of Cains 15 to 22,
wherein the purifying solid includes at |east 10% by
wei ght of a zeolite. 24. Process according to Caim13
or 14, which is effected in an apparatus according to
one of Clains 16 to 24. 25. Process for preparing

pol yners based at |east partly on al kyl nethacryl ates,
conprising the steps of: A preparing an ultrapure

al kyl methacryl ate by a pro®&éss according to O aim 13,
14_and 24; . B. polyperizing .the ultrapure alkyl
ne?ﬁacr%ﬁaﬁlelléﬁg B‘%F?BWI 3ol yneri zati on product

t 07 bt cfurea estrononetet C. working up the

PO} Y{Terd ZAliiORaBr AONEt et Shilfeai N a pol ymer. 26.
Processaccor glﬁngt oCl ai n25, wher ei nt he

pol yfrerd i ORPSeFYeRIeHY r ee- r adi cal

713 Molecular sieve vessel

714 Molecular sieve packings
715 Ultrapure ester outlet

716 High boiler line

717 Reduced-pressure generator



pol yneri zati on.

Claims

1.

A process for purifying an alkyl methacrylate,
comprising the steps of:

A. providing an alkyl methacrylate with an impurity;
B. adsorbing at least some of the impurity onto a
purifying solid to obtain an ultrapure alkyl
methacrylate;

wherein the purifying solid includes at least 10% by
weight, based on the purifying solid, of a silicon-
oxygen compound.

Process according to Claim 1, wherein a multitude of
particles of the purifying solid are accommodated in
a purifying vessel, the purifying vessel being flowed
through by a liquid alkyl methacrylate.

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.

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.

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’.

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.

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.
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11.

12.

13.

14.
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Process according to one of the preceding claims,
wherein the purifying solid includes at least 10% by
weight of a zeolite.

Process according to one of the preceding claims,
wherein alkyl methacrylate has been distilled off for
prepurification before step ii.

Process according to one of the preceding claims,
wherein the alkyl methacrylate provided in step 1.
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.

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.

Process according to one of the preceding claims,

wherein at least step ii. is effected
continuously.

A process for preparing an ultrapure alkyl
methacrylate, comprising, as steps:

- producing an optionally prepurified alkyl
methacrylate;

- purifying the alkyl methacrylate by a process.
according to one of the preceding claims.

Process according to Claim 13, wherein the
production of the alkyl methacrylate, comprises the
steps of

A. providing an acetone cyanohydrin;

B. contacting the acetone cyanohydrin with an

inorganic acid to obtain a methacrylamide;
C. contacting the methacrylamide with an alcohol to
obtain an alkyl methacrylate;
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D. optionally prepurifying the alkyl methacrylate.

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 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.

Apparatus according to Claim 15, 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.

Apparatus according to Claim 15 or 16, wherein the
purifying solid has a specific surface area in a
range of about 400 to about 1500 m?/g.

Apparatus according to one of Claims 15 to 17,
wherein the ©purifying solid has a pore size,
determined by the analysis process specified in the
description, of in the range of about 0.01 to about 2
nm.

Apparatus according to one of Claims 15 to 18,
wherein the purifying solid has a bulk density in the
range of about 920 to about 960 g/cm’.

Apparatus according to one of Claims 15 to 19,
wherein at least 80 by weight of the particles of the
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purifying solid have a particle size in the range of
about 0.5 to about 10 mm.

Apparatus according to one of Claims 15 to 20,

‘wherein the weight-average particle size 1is 1in a

range of about 0.5 to about 10.

Apparatus according to one of Claims 15 to 21,
wherein the purifying solid includes at least 10% by
weight, based on the purifying solid, of a silicon-
oxXygen compound.

Apparatus according to one of Claims 15 to 22,
wherein the purifying solid includes at least 10% by
weight of a zeolite.

Process according to Claim 13 or 14, which is
effected in an apparatus according to one of Claims
16 to 24.

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 13, 14 and 24;

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.

Process according to Claim 25, wherein the
polymerization is effected by free-radical
polymerization.



