-1- METHOD FOR PRODUCI NG ACETONE CYANCHYDRI N AND THE SUBSEQUENT PRODUCTS
THERECOF BY SPECI FI C COOLI NG The present invention relates in general terns
to a process for preparing acetone cyanohydrin, to a process for preparing
an al kyl nethacrylate, to a process for preparing nethacrylic acid, to an
apparatus for preparing al kyl nethacrylates, to a process for preparing

pol yners based at | east partly on alkyl nethacrylates, to the use of the

al kyl methacryl at es obtai nable fromthe process according to the invention
in chem cal products, and to chem cal fr-oducts based on the al kyl

met hacryl at es obtai nabl e by the processes according to the invention.

Acet one cyanohydr i nMEEHO®N EORf PRUMICIING 0ACEIUNES tRANGHYDREANDGN@RES i N t he

preparation of nethaesykduenaCbfopmer2 itk rdEtRR %E?ﬂ;ﬁs]ﬁg&gﬁ%umer of bul k

conpounds are nononers which are of great signi |cance
pI astics and whose demand is rising constantly as a result of the
increasing riseTha Pheseste ohverdidse hedletpbasti cganesHth thhat the acetone

rmunt o oot onpe oy anpvr o T SR el el S b Rya iy c

anounts. Acetong £ygno %dl‘l nis
acid and acetone or NS l]“?oﬁflaé‘ef%%em%wdi%}féﬁééyah@casm”@%ess nfonpar i son

to acetone, hydPERBAIHINE agedhasdy Hydr eeydni ¢ tsal ba akgpstanid | cagtly nore
t oxi c conpoundSpﬂ%pa&hngavglkpl bemgl@{gy \é\é h VEry great care d hence
with a high Ie\S/&l %hl;]gchnl cal saf et measures. In ord% 0 kegfgothese
saf ety measures Wt cc%%é’?“@irﬁl IkiiEL % et abis@siti nPRRELR hencorlddt of t he
reaction in thé'§esaradtien ofo atlet onee cpﬁnmhydram;;&s w@f:h@@fﬂacaélsar

signi ficance. Idobtaddibi®ncien the genecal Ly % In 99% Qg ;high yields
It1o fac ere s the

with mni numreac ncentralons an ad
o tca%lgaolt “hietBife t@y&ﬂ%‘ﬂwll rPraguf—‘% Hﬁ%@@u@ﬂ of this

safety interest that
reaction, a ni r?rhﬁ"unﬁl]d??ﬁun‘t‘e‘éfaqwdﬁbeyambcammﬂeasbyhe:he processes

according to the invention.

Acetone cyanohydrin is one of the important starting
components in the preparation of methacrylic acid and
alkyl methacrylates. These two compounds are monomers
which are of great significance for a number of bulk
plastics and whose demand is rising constantly as a
result of the increasing rise in the use of these bulk
plastics, such that the acetone cyanohydrin starting
material is also required in increasingly greater
amounts. Acetone cyanohydrin is obtained, for example,
from hydrocyanic acid and acetone or else from acetone
and hydrocyanic salts. In comparison to acetone,
hydrocyanic acid and hydrocyanic salts are
significantly more toxic compounds which have to be
handled with very great care and hence with a high
level of technical safety measures. In order to keep
these safety measures within commercially acceptable
limits, the conduct of the reaction in the preparation
of acetone cyanohydrin is of particular significance.
In addition to the general interest in obtaining high
vields with minimum reactant concentrations, an
additional factor here is the safety interest that,
with the acetone cyanohydrin as the product of this

reaction, a minimum amount of hydrocyanic acid as the



- 2 - reactant of this reaction be present the workup of acetone
cyanohydrin for further processing. In the prior art, EP 1 371 632 A, for
exanpl e, addresses this safety aspect by a process for preparing acetone
cyanohydrin in which a netal cyanide conposition is used. This procedure is
di sadvant ageous especially as a result of the nmetal cyanide internediate
when through a plant for preparing hydrocyanic acid and a plant for
preparing acetone cyanohydrin are present on the sane site, and the
hydrocyani ¢ acid prepared can thus be fed_directly into the plant for the
pl ant of acetone cyanohydrin. In the present context, there was therefore a
gener al desire i3 nfeadt Pars | yeart mrenbecoppbetet ytbei wonkte tdfe

di sadvant ages afdetoRg &¥LIHARI RIS Rfther |frod@ssang urther object of the
present invention, by virtue of a maxi mum conversion, to keep the safety
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cyanohydrin are present on the same site, and the
hydrocyanic acid prepared can thus be fed directly into
the plant for the plant of acetone cyanohydrin.

In the present context, there was therefore a general
desire to at least partly or even completely eliminate

the disadvantages arising from the prior art.

It was a further object of the present invention, by
virtue of a maximum conversion, to keep the safety
measures which have to be observed in particular in the

purification of acetone cyanohydrin as low as possible.

It was a further object of the invention to provide a
process for preparing acetone cyanohydrin in which a

minimum level of by-products is formed.

In addition, it was an object of the invention to
improve the preparation of methacrylic acid or alkyl
methacrylates overall, in order thus to obtain a less

expensive route to polymers based thereon.

A contribution to the solution of at least one 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 present invention thus relates to a process for preparing acetone
cyanohydrin, conprising as steps: A contacting acetone and hydrocyanic
acid in a reactor to give a reaction mxture, the reaction m xture being
circulated, to obtain acetone cyanohydrin; B. cooling at |east sone,
preferably at |east 10% by weight, preferentially 50% by wei ght and nore
preferably at |east 70% by wei ght, based in each case on the reaction

m xture, of the reaction mxture by flowing it through a cooling region of
a cooler, the cooler including one coolifig elenent or at |east two cooling
el ements; C. discharging at |least a portion of the acetone cyanohydrin
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to 40 times and nore paebeiAblyg 14k 2 LaN06, oAU &5 4 Jpclifes by a
particul ar amount of the reaction mxture. |I'n the cooling region, the
reaction mixture is bFEGGREYYE M PERPRIGLIHOE FReareasitgE  of about 0 to about
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cool i ng regi on-RH pHessUrE S 3 i A8 FARGEDISHBWIE (F L HFOURT 10 bar,
preferably in kasndgecofoabiog eQebetnios alfouheScharerand nore preferably in a
range of about 0.9 to 1.5 bar. It is also preferred that, at least in the
cooling regio n to_about 9, preferably in a

nread{)eH itnaratgle of ab%t 2, [g

range of 6 to ABotSSTARE MOFE s 138 &5 yiFRULtethge rTahbbit1%.8 to about

7.5. I n gener&Qtdedledollpng regsorr nmain haviechanihe reaction mixture
is pumped in circulation, preferably through a pipe
system. The flow of the reaction mixture through the
cooling region can be effected firstly by virtue of the
cooling region directly forming part of the loop
reactor. In another embodiment, it is, however,
possible that, as well as the circuit of the 1loop
reactor, a cooling region is provided, in which some of
the reaction mixture which circulates within the loop
reactor is passed in parallel to the loop reactor. In
general, the reaction mixture circulates with a volume
flow rate in a range of about 30 to about 700 m’/h,
preferably in a range of about 100 to about 500 m®*/h and
more preferably in a range of about 150 to about
4QO m’/h. The flow of the reaction mixture through the

cooling region may on the one hand be within the same



configuration which is known to those skilled in the art and appears to be
sui;tabl e. For instance, the cooling region of a cooler often has one or at
| east two cooling el ements which ensure the transfer of heat the medi um
whi ch is cooling, the reaction here, and the cooling nediumpresent in the
el enent(s). The total internal volume of the cooler generally refers to the
vol unme specified by the manufacturer of the cooler. Oten, this volune is
the volune of the region in which the heat transfer takes
-4 -

aforementioned rate ranges. Moreover, it may be

preferred for the cooling region to be flowed through

within a range of about 10 to 50 times, preferably in a

range of about 20 to 40 times and more preferably in a

range of about 25 to 35 times by a particular amount of

the reaction wmixture. 1In the cooling region, the

reaction mixture is brought to a temperature in a range

of about 0 to about 50°C, preferably in a range of

about 20 to 45°C and more preferably in a range of

about 30 to 40°C. It is desired to keep the reaction

mixture substantially isothermal. It is also preferred

that, at least in the cooling region, a pressure lies

in a range of about to 0.1 about 10 bar, preferably in

a range of about 0.5 to about 5 bar and more preferably

in a range of about 0.9 to 1.5 bar. It is also

preferred that, at least in the cooling region, a pH in

a range of about 5 to about 9, preferably in a range of

6 to about 8 and more preferably in a range of about

6.5 to about 7.5.

In general, the cooling region may have any
configuration which is known to those gkilled in the
art and appears to be suitable. For instance, the
cooling region of a cooler often has one or at least
two cooling elements which ensure the transfer of heat
between the medium which is cooling, the reaction
mixture here, and the cooling medium present in the
cooling element(s). The total internal volume of the
cooler generally refers to the volume specified by the
manufacturer of the cooler. Often, this volume is the
volume of the region in which the heat transfer takes
place. Usually, tubes leading to the cooler and leading
away from the cooler are not part of the total internal
volume of the cooler, since they have no cooling
function. The volume of the cooling region is normally
determined by subtracting the volume of the cooling
element provided in the cooling region or of the
cooling elements provided there from the total internal



pl ace. Usually, tubes leading to the cooler and | eading away fromthe
caool er are not part of the total internal volune of the cooler, since they
have no cooling function. The volunme of the cooling region is normally
determ ned by subtracting the volune of the cooling el enent provided in the
cooling region or of the cooling elenents provided there fromthe total
internal - 5 - volunme of the cooler. The volunme of one cooling elenent is
generally greater than the cool ant vol une capacity of this cooling el enent,
since the conponents of the cooling element are also taken into account in
the determnation of its volune. It may be preferred in accordance with the

i nvention that ¥hemgoplinehefcatdercobhe npluegi ofi Pse atodléagt ebdyouit 1. 01

times, preferably gdndreasy abested. dndd N angh1aRke Wiaher abbyciat, | east
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cooling element are also taken into account in the
determination of its volume. It may be preferred in
accordance with the invention that the volume of the
cooling region is at least about 1.01 times, preferably
at least about 1.1 times and more preferably at least
about 1.5 times as great as the volume of the cooling

element or of the cooling elements of the cooler.

It is also preferred in the process according to the
invention that at least some reaction mixture flows in
a cooler flow direction different from the main flow
direction at least during the cooling. The main flow
direction is determined as the axis between the entry
point of the reaction mixture into the cooler and the
exit point of the reaction mixture from the cooler.
According to the invention, it may be preferred for at
least about %, preferably at least about 20% and
preferentially at least about 40% of the reaction
mixture to flow in a cooler flow direction other than
the main flow direction within the cooler during the
cooling. It is also possible in accordance with the
invention that at least one part-stream, preferably at
least 10% by volume, preferentially at least 20% by
volume and more preferably at least 50% by volume of
the reaction mixture fed into the cooling region is
conducted past an outer wall which limits the cooling
region. This conduct past an outer wall is preferably
effected by virtue of circulation streams which
preferably extend in spiral form from the entry of the
reaction mixture into the cooling region to the exit of
the reaction mixture from the cooling region. These
flow conditions may either be visualized in a real
situation, for example by adding a dye such as fuchsin
to threads, or simulated by means of suitable computer

programs and mathematical models.
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It is also preferred in the process according to the invention that at

| east some reaction mxture flows in a cooler flow direction different from
the main flow direction at |east during the cooling. The main flow
direction is determned as the axis between the entry point of the reaction
m xture into the cooler and the exit point of the reaction mxture fromthe
cooler. According to the invention, it may be preferred for at |east about
5% preferably at | east about 20% and preferentially at |east about 40% of
the reaction mxture to flowin a coolergflow direction other than the main
flow direction within the cooler during the cooling. It is also possible in
accordance with the invention that at |east one part-stream preferably at
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It is also preferred in the process according to the invention that the
residence tinme of the reaction mxture in the cooler is selected such that
a mnimm|level of by-products are forned at naxi num conversions to acetone
cyanohydrin. For instance, the residence tine of the reaction mxture in
the cooler is in a range of about 0.1 to about 2 h, preferably in a range
of about 0.2 to about 1.5 h and nore preferably in a range of about 0.3 to
about 1 h. The present invention further relates to a process for preparing

an al kyl methacrylate, conprising as steps. a. preparing an acetone
cyanohydri n by t%g process according to the invention; b. contacting the
acet one cyanohydfPhi WPEh I8ALeRbIRANNeani ts t Drobidain ia netdhasioliag de; c.
contacting the meghacr yitani,dehsi bhrane ab cahql:st 9,0 P{{E§T313%5¥|b

met hacryl at e; dmoggg&pqgkhgrpgﬂiggin ]_ge glk | nmethacrylate. - § - In
addi tion, the present invention réTa es 5t 8 at it GORL4NE oF e &K AY

nmet hacrylic aci5,edﬁﬁﬁﬁi§Fn©m%§x§ﬂéﬁ§:ebwepasing @n acet.one cyanohydrin by
a process according to the invention;

Useful cooling elements are all of those which are
known in general terms to those skilled in the art and
appear to be suitable. It is possible here that the
cooling elements are elongated hollow bodies with
coolant flow. The cooling elements may have a rod-
shaped or plate-shaped configuration. Thus, tube bundle
or plate coolers, or a combination of the two, are
useful, particular preference being given to tube
bundle coolers. In tube bundle coolers, it is also
preferred that the deflecting means, preferably
designed as baffle elements, are present on the outer
wall of the cooler, pointing into the cooling region.

It is also preferred in the process according to the
invention that the residence time of the reaction
mixture in the cooler is selected such that a minimum
level of by-products are formed at maximum conversions
£o acetone cyanohydrin. For instance, the residence
time of the reaction mixture in the cooler is in a
range of about 0.1 to about 2 h, preferably in a range
of about 0.2 to about 1.5 h and more preferably in a

range of about 0.3 to about 1 h.

The present invention further relates to a process for

preparing an alkyl methacrylate, comprising as steps:

a. preparing an acetone Cyanohydrin by the process
according to the invention;

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;
d. optionally purifying the alkyl methacrylate.



[ [ ' [ [ id to obtain a
contacting the acetone cyanohydrin with an inorganic acid _ _
nethacrylgnide; reacting the nethacrylamde with water to give nethacrylic

[ resent invention further relates to an apparatus _
or br epme e connected to one another in

forprepari ngal kyl net hacryl at es, conpri si ng, cte
I d- ting form The present invention additionally relates to an
Fppes At uat or : : conpri sing, connected to one

appar at usf or prepari ngal kyl net hacryl at es, (
aﬁgther in fluid- conducting form a plant elenent for preparing acetone

cyanohydrin, followed by; a plant el ementgfor preparing methacryl am de,

fol |l owed by; o ,
In addition, the present invention relates to a process

for preparing methacrylic acid, comprising as steps:
) preparing an acetone cyanohydrin by a process

according to the invention;

) contacting the acetone cyanohydrin with an
* inorganic acid to obtain a methacrylamide;
) reacting the methacrylamide with water to give

methacrylic acid.

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

The present invention additionally 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 alkyl
methacrylate, optionally followed by;

- a plant element for polymerization, optionally
followed by;

- a plant part for finishing,

the plant element for preparing acetone cyanohydrin

comprising a loop reactor with a cooler, the cooler

comprising a cooling region which can be flowed through

and a cooling element. Connected in fluid-conducting

form means in the present context that gases, liquids

and gas-ligquid mixtures or other free—fiowing

substances can be conducted. In connection with

preferred embodiments of the cooler or of the cooling

region and also of the cooling element or of the

cooling elements, reference is made to the remarks on



a plant element for preparing alkyl nethacrylate, optionally followed by;
a plant elenent for purifying the al kyl nmethacrylate, optionally foll owed
by; a plant elenent for polynerization, optionally followed by; a plant
part for finishing, the plant element for preparing acetone cyanohydrin
conprising a |oop reactor with a cooler, the cooler conprising a cooling
regi on which can be flowed through and a cooling el ement. Connected in
fluid-conducting formnmeans in the present context that gases, |iquids and
gas-liquid mxtures or other free-flowng substances can be conducted. In
connection with preferred enbodi nents of the cooler or of the cooling
regi on and al so téfist ebjcaul ingtleierent .or of the cooling el enents, .
reference is made to the remarks on -9 this subject in this text. It is
al so preferred in accordance with the invention that the process according

to the inventiondtfdf FréPaPFaeErdaliy|2GrerRares | wtid | Seeffwensdonn an
i nventive appar &has. Tie present | avestdion alkso teéat &s/dreianpr e6ess for

preparing pol ynpespbased ah |eash PALLLYCSA.BLKYs MRERRCLY] atgs. jgonPri sing

the steps of: . .
inventive apparatus.

The present invention also relates to a process for

preparing polymers based at least partly on alkyl

methacrylates, comprising the steps of:

Al) preparing an alkyl methacrylate by a process
according to the invention;

A2) polymerizing the alkyl methacrylate and optionally
a comonomer;

A3) working up the alkyl methacrylate.

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 in particular of styrene, butyl acrylate or
acrylonitrile, methyl acrylate or ethyl acrylate.

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

auxiliaries, leather auxiliaries, flocculants and



preparing an al kyl nethacrylate according to the invention; polynerizing
the al kyl nmethacrylate a conmononer; working up the al kyl nethacryl ate.
Useful conononers 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 pol ynerizabl e nononers. Anong these, nention should be nade
in particular of styrene, butyl acrylate or acrylonitrile, nmethyl acrylate
or ethyl acrylate. Polynerization can be perfornmed as a sol ution, bead,
enul si on or suspension polynerization,- ap el se as a bul k pol yneri zati on.

The polymer is worked up, for exanple, by precipitation of the
sol vent - conpr i sPHgFPorgaLEives asnphebinedt cheriqtieppollyris- as a
preci pitant. For exanple, a polymer conprising acetone as the sol vent and

pol ynmet hyl et r te Is precipitated in recjpitant co ed of
met hanol ~ and M/ah%grjx‘&%etgaornat %&%f Fom-the pr égiil%tig) San%fg)a%\ gl ’eg‘?&sﬂsn addi tion,
the invention re&3tesst omehelinge cofranl tlansapupel Ginge. pephuRakdngt e

obt ai nabl e by thecipreeess, actedlidly touthaairpyent i enoddulfankees,add | ms,
coat’ ngs, MUl NG 1GANPOSkL0RS. A0DHLE1 0GR RRBRIIAKINGLAUNS L Aldes:
| eat her auxiliaries,Tfocculants and™ - -

are based on a pure 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 some cases, it may be advantageous when
the process elements presented 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 algo be pointed
out that advantageous effects can wusually also be
™" achieved when the subject matter of the present
invention as such is used in another field or only

combined with some of the process elements presented

here.

Preparation of acetone cyanohydrin

In this process element, acetone cyanohydrin is
prepared by commonly known processes (see, for example,
Ullmann’ s Enzyklop&ddie der technischen Chemie, 4th
Edition, Volume 7). Frequently, the reactants used are
acetone and hydrocyanic acid. The reaction 1s an
exothermic reaction. In order to counteract
decomposition of the acetone cyanohydrin formed in this
reaction, the heat of reaction is typically removed by
a suitable apparatus. The reaction can be conducted in
principle as a Dbatch process or as a continuous

process; when a continuous process 1is preferred, the
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bottom additives as preferred chem cal products. |In addition, the
invention relates to fibres, filnms, coatings, noul ding conpositions,
noul di ngs, papermaki ng auxiliaries, |leather auxiliaries, flocculants and

drilling additives as preferred chem cal products which are based on a pure
met hacrylic ester obtainable by the process according to the invention.
Various process elenents and plant parts will be illustrated hereinafter,

which can in principle be conbined with the present invention individually
or as an ensenble of two or nore of theiprocess elenments nentioned. In sone
cases, it may be advantageous the process el enents presented within the
present are corffatddoni tie t Reepresdit Peviaiedn Yuch tingP afereetibi ned

overal | to gi vesaiddr eeesscdfedd cptepasidiriaskeys of nethacrylic acid or a
process for preparing nethacrylic acid. However, it should al so be pointed
out that advant ageous effects can usually al so be achieved when the subject
matter of the pfeSeat ifRRERTForfas? stiehhPd dsedinh &RotHhér #§¥t%F%r only

conbi ned with sommuet tie pigresseebieneiy soptéserhad hejee. r&epamation of
acet one CY Aol LB PLOCED o S ALy, FCELENG, YAROMA hd ©
prepared by comonly known processes (see, for exa{’%4 e, Ul mnn's

Enzykl opadi e décacERni REHed PChEH &5 shiftedi L1 ofle WoreRe1 ) .oFréGuent | y,
the reactants usedtace peslne amd aapdeocyanite aeladridhepreaetd ok is an
exotherm ¢ ea%’eglﬂeri{lh%gﬂxéao_ Goupt géaﬁagg?&gfig%%s' LN 19t Lhe Acetone

cyanohydrin formed 1 n IS reaction, t _ _reaction is typically
renoved by a s(iPCaBPEaRRsE ffushe TR radc iRl catf FEAEBnBRICREY S pri nci pl e
as a batch processmposasicam danthauobisrger @tesie Wdter aoehund i tQLIS/epr ocess i S
preferred, the e .00 J tly perforned in a | oop reactor which is
fitted out apprt(g%r ?g%fetﬁl;hd ia%?n eature of a method | eading to the desired
product in high yields is often that the reaction product is cool ed at
sufficient readheonutikimegandft hehe eagtéameequinki bhydmewarshi f teedd n t he

direction of the,reactd of,produstsndin1addic! iQrecthe fgaction fnaduct is
frequently adm xed wth_an a(g\rpopnate stabilizer to the a{jﬁ/lanta e of the
overal | vyield, 2™ 8fder ™% EnPLdBEEMPDSTTHDTSi A7t RRT Coursed the |ater

wor kup to gi vewhbehst art | bgtomterd alnede, 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.
In the scrubbing 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



The m xi ng of the acetone and hydrocyanic acid reactants can in principle
be effected in essentially any way. The nethod of m xing depends in
particul ar on whether a batchw se node, for exanple in a batch reactor, or
a continuous node, for exanple 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 |ines which
conduct waste air containing acetone and hydrocyanic acid can thus be
conducted, for exanple, through this resgservoir vessel. In the scrubbing
tower which is attached to the reservoir vessel, the waste air escaping
fromthe reservs r thessshctaon bérour ubbbed whah geetormme whestrviodmpves

hydrocyani c aC"vdzsfsreQm ‘iﬁ'ech%STc%n@éJ&t afhdc rl%%%@isblet fobt Gadthe sPraeess. For
this purpose, for exa acetone introduced from

the reservoir \Fe?seclr FHEWS trﬁée%%]clf |‘6er1sﬁegoc&ﬁd3>8f‘ed 3 FOthe A St r eam
through a cool ecrupbéher abdyert-hr dlgtevarhri ig¢ cdal erin i meeyt heaseg of the

scrubbi ng tovversua@dciaec desdd egnTLsshd b8 t;hasreeéewled vesseld isto the
reaction fromnore th one reser%0|r Vess this con%ext it is

possi bl e for edch BP°T hé 11_two 7 or o P8O VBT vé%%e? Vs BEar A
correspondi ng séFebbihgit.okewevepwevlidren jadviigable rfepry censesPangdfifgci ent when

only one of theaiknesewNiH c:v;aaaet Swéﬁ:ee%lilrpﬂﬁ@ RS thanepcsfte%&%@heg

scrubbi ng tome%ndlnh%ﬁls case, % S ?hqyever uéé&f %gVIS ble for
correspondi ng l'ines i ch conduc mas ear an Can t ransport acetone and

hydrocyani ¢ acivé@see! ber comaugt edrichsetghbitd $ovessel or through this
scrubbing tower. The tenperature of the acetone in the reservoir may in

principle be W'rh@' i g@exgasc%%@t L8l LM? aég’ééorn%% %ﬂ@m?&%&%a&ﬁh the

acetone is in ropria ture
t enper at ure i nPFRBCE r@%lW”¢é§§eﬁn1seéﬁvaﬁﬁééeoﬁﬂ?}trﬁﬁmeﬁéFgeabout 0to
about 20C. |n phevsdzdihbangthewesstdnae iaceh oftee Usedifost=ser abbithg is cool ed

by means of anagppronriate aooletcfor exagpl efyonrans of i@ phate cooler,

with brine to a erat ur out 0 to abou The tenperature of the
acetone on ent F?s?lﬁ‘f‘b‘rt &S8et ubbi HY AFEREPORSH h&PEPBFR FRetEr BbF§, for
exanpl e, aboutaRoto atraut 6C. The hydrocyanic acid required in the reaction
can be introduced into the reactor either in liquid or in gaseous form It
may, for exanple, be crude gas fromthe BMA process or fron1gge Andr ussow

process. The §Hr5@%n HHREHE EQWET f or%esBhR5PBS BESY i tifefIEUP B exanpl e
by the use of am appilegrilat e meeoki ngt brameapbrspwiadeof cddlgref | &dr

hydr ogyam ct acd ghms lQ-:k'k Y VAR 96 53519f€e US6881 e 0T wEAANDY iGhe fwcdrﬁgen
cyani de-con aining co 1 nNg er s as ar e
scrubbed contih 5}uFﬁ e uﬁg885upr§ﬁta&PPh §8e oﬁggﬁxﬁ?ﬂ?e§8hF5?ns 10%
wat er, and theofeahm@net@ne@ gr entry into the scrubbing tower is
therefore preferably, for example, about 2 to about
6°C.

The hydrocyanic acid required in the reaction can be
introduced into the reactor either in 1liquid or in
gaseous form. It may, for example, be crude gas from

the BMA process or from the Andrussow process.

The hydrogen cyanide can, for example, be liquefied,
for example by the use of an appropriate cooling brine.
Instead of liquefied hydrocyanic acid, coking oven gas
can be used. For example, hydrogen cyanide-containing
coking oven gases, after scrubbing with potash, are
scrubbed continuously in countercurrent with acetone

which contains 10% water, and the reaction to give
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- 13 - acetone cyanohydrin can be carried out in the presence of a basic
catalyst in two gas scrubbing colums connected in series. In a further
enbodi ment, a gas m xture conprising hydrogen cyanide and inert gases,
especially a crude gas fromthe BMA process or fromthe Andrussow process,
can be reacted with acetone in the presence of a basic catal yst and acetone
cyanohydrin in a gas-liquid reactor. In the process described here,
preference is given to using a BVMA crude gas or an Andrussow crude gas. The
gas mxture resulting fromthe abovenentgoned customary processes for
preparing hydrogen cyani de can be used as such or after an acid scrubbing.
The crude gas faarponhe cBMiordGas sani hewhiehi egs santt ital Ehe hyeessdrani ¢ aci d
and hydrogen arg farnggs {4 onupBiPane jande gmMenisa, sEANMAINGS dyRingal |y 22. 9%
by vol une of HCN, 71t8°ob vol.une of H2/ 2.5% by volunme of NH3, 1.1% by
vol ume of N2, L°P9bySVotUmE6F°CH4. In the known Andrussow process,
hydr ocyani ¢ acid and water are fornmed from net hane and ammoni a and
at deSpherLC OXYig€eNa Thertdsdecgesatferihe a@xlnfyalégg/ﬁ%\kw&lcesmm}gimarmgoxggoe/nbi S
used as the ox n_source, contains.typica 0 v.ol.upe o , o by
Volume of koo ateieh, Tarite srirerdh5oBei ol e TR D, Sy ol e of
CO, 2.5% by voldase LopnNHE AR @revedy oliaes ehe Arir eRRY atP TR Wen a
nonaaci ﬁ- scrubked eeudeagesd fw%m tah@éBM\ m?&@sslax@rsﬁﬁa@lrm%oma@ri@cesls is
used, the anmmonj resent_in t crude ga uently_acls_as; a.catal yst
for the reactigﬁ%agyﬁce the anmon a ngggﬁpmﬁﬁgthékcradegg%s é%hently
exceeds the and@aftPequired as a catal yst and can therefore lead to high
| osses of sul phuric acid used for stabilization, such a crude gas is often
subj ected to an_aci r L Ng_ i er, el .o anmnory heref rom
Wien such an agpdﬁggrgﬁgggpérgﬁégﬁggg Pe%g'-bkgggﬁ%gﬁim%?nge%hgﬁ
necessary, howd¥éRd foBY¥ad caUSfi 8aBl 8Xhagi ANEBESFYEt TS 198SredCfor in a
catal yti c anbugts hhxplteCigahe rikdofton norgahbeementdogadi cudiasiagyconpounds
may function a i j a igh 5lsi qui d
ﬁr&@gsgéag aéo)és reF%g{rﬁggg{}ggég& d&/&!rﬂdg e8RUSe Usdd als

form or a gas mxture conpris >N cyani de, and acetone are fed
continual |y toSHRooh Fe&ct 68 PRIE EFUBRLPAuCIRE fFdeS A° tHiT ¢4Se, the
| oop reactor cBMprpsesesd, |Easthiohe erpamsiadflyf égdirngyaciat aieddorndwo or nor e

such neans, atpl8a5te PG JTBNShOE ERedl N dd Aiad JRhogas eQkshaMdoCcYani ¢
acid, or two or npre such nmeans, and at_I| east _one Q?ans or f ing a

. f
catal yst. SuitG¥PECEHMAIAsPE BY W 6r PhiPl e 7an§® drk I3 HES CohpGunds, such
as anmoni a, sodi & hydrvokide sbl ¥Hi,onl.grr pot assiuna Wdbxi de7Sokut i on,

whi ch can cat al,ysgnd heof eagfij on Qf agrt ongoaRd RAvELAEYANI Corabedst 0 give

acet one cyanohydrin. However, it _has also been fqund to advant.ageous
when the catal gg?r%@é"dlﬁcs a&ﬁdoPﬁﬁn?’%t%rataﬁeygto,mggpg]é?r&l T%/)t%éaﬁl Caffe.

Sui t abl e exanpaescmiee 3mtoadarspheriteckydey. affiimesrydehgas dfetthyl ami ne,
di propyl am ne, pt 4+ ety afiRRsst I vnRnPpytaniBe waed the dnek@xygen
source, contains typically 8% by volume of HCN, 22% by
volume of H,0, 46.5% by volume of N,, 15% by volume of
H,, 5% by volume of CO, 2.5% by volume of NH; and 0.5%
by volume each of CH, and CO,.

When a non-acid-scrubbed crude gas from the BMA process
or Andrussow process is used, the ammonia present in
the crude gas frequently acts as a catalyst for the
reaction. Since the ammonia present in the crude gas
frequently exceeds the amount required as a catalyst
and can therefore lead to high losses of sulphuric acid
used for stabilization, such a crude gas is often
subjected to an acid scrubbing in order to eliminate

ammonia therefrom. When such an acid-scrubbed crude gas
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A |l oop reactor useable in the process el enent described further conprises
at | east one punp, or two or nore punps, and at |east one niXxing apparatus,
or two or nore such m xing apparatuses. Suitable punps are in principle al |
punps which are suitable for ensuring the circulation of the reaction

m xture in the | oop reactor. Suitable m xing apparatuses are both m xi ng
apparatuses with nobile elenents and so-called static mxers in which
imobile flow resistances are provided. In the - 15 - those which allow
an operational transfer of at |east ahoyj 10 bar, for exanple at |east
about 15 bar or at |east about 20 bar under operating conditions w thout
significant restsigsednsiicn tdhe thenctierisagry Approepreat e thi xatd rEy consi st

of plastic or nebabpisSubiabl ecﬂaai%zts'tcscoart%e fr%c%@”ﬂlle E)é/t.cdlﬁyc HDPE,
PVDF, PVA or PTEE. Metal m xers nmay conS|st for exa ni ckel all oys,

T coni um Ui ¢ AEHE and BTG HaS | FEONT S8 SHT6! £- aPESST T M8l o
rect angul ar m xempoullde wat duypstions aadded ¢arallystloop reactor preferably
downst ream of the punp and upstream of a m xi ng el errent present in the |oop

reactor. In the_reaction described, catal sts re for example, in
such an anount %tyﬁﬁ?g?rh y@\?é‘%ﬁl o r 225950 O oﬁdﬂ’clté oL £ §FSthan 8, in
particul ar not Wiskers hapmpboesng7 . By droden rla@anbéepr@mér ra@@twhenatﬂee pH in

t7hg varies W tled aohanggaPly abguty Gipd Oraheut exanple aboutnBud to about

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 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.

A loop reactor useable in the process element described
further comprises at least one pump, or two oOr more
pumps, and at least one mixing apparatus, or two or

more such mixing apparatuses.

Suitable pumps are in principle all pumps which are
suitable for ensuring the circulation of the reaction

mixture in the loop reactor.

Suitable mixing apparatuses are both mixing apparatuses
with mobile elements and so-called static mixers in
which immobile flow resistances are provided. In the

case of use of static mixers, suitable examples are



not nore or about reaction 7.5, for Alternatively to the addition of the
catalyst into the | oop reactor downstream of the punp and upstream of a

m Xi ng apparatus, it is also possible in the process described to feed the
catalyst into the | oop reactor together with the acetone. In such a case,
it may be advant ageous when appropriate m xing of acetone and catalyst is
ensured before feeding into the |oop reactor. Appropriate m xing can be
effected, for exanple, by the use of a mixer with noving parts or by use of
a static mxer. When a continuous proces® rn a |loop reactor is selected as

be appropriate to

the operating npge | - rLocess _described, (it m
exani ne the stafe oelf %}%ggr %&g ¥ oR™ mPREL? & B r‘f§f"8\ﬁ/f%‘ﬁe‘6 s?tor 13t i nual
anal yses. Thi s ¥F%r &0t Reradfant sxemnleatat \ivese appnopts ata;, ot ds al so
possi bl e to reaotastapibduy t20 ehang@8et N opbAi®idgN conak®iont NG:iELAGL T ON

m xture. Furthelnore, is th ossible, for exanple, to meter in the
reactants very p%%é?é%%@ﬂ n tgregglfp 5 Hni mi & yi 5?}8 | 0SEBE 1% s pondi ng

anal ysi s can b&RBFPBEIME Mbrerxample compisanpii mjdstither eaetar. | oop.
Sui t abl e anal yshsitabldogaatecs f GliregXafdt € expip NEASHEMERD, MBaASUr ement  of

t he exot herm cigyygor asur.e of ,the.conpasition of the reaction mxture
by suitabl e spect réscﬁé}g} cwp;):r g%@%%’es.ﬁet%pe“éjixaelrrsy WY hiP ChEt cont®xt of

conversi on monitEFPHY, Yuatithelasdders. artireufiemy, titahhan Bewh theund to be
useful to deterikae Theewinyessiiblien d1RE rRACI@RMpNEXt Bé@ta\/ﬁ%ltaf}e heat
removed fromthgy epaction mxture and to conpare it with the heat which is
rel eased theoretically. In the case of suitable selection of the | oop
reactor, the actual reaction can in principle be effected within the tube
systens arrang@Hewcthalystheis oapde@achorthe SiBeg thacteAChidbrdpavever, is

exotherm c, inggyaledrda® 8¥oide Vigld 1.9 | cient oling and _sufficient
renoval of the heat rof. re ctic(e)nﬂ)sr‘fgdalngl %gsgﬁgs%n{r %fgl fngg%a%g fe?leednﬁélﬁtly been

found to be adVARtHYedls tRfiehCPhe  SHELOLT Rl pritf d8ds LWPE NS Lhrest
exchanger, prefatabisgswarbi nsedt uloe buadbee heat sexahangafiourPepeadi ng on t he

amount of produeé éeeheipreduced, §he-caRaGitky Jf aagfﬁa%?r oL at.g heat

exchanger can ,{%aanseg ected di f.fe{)ent I({. For 1 ndustri scal e processes, heat
exchangers having a 'volu8*6f CRbBut™ A0 g abbat aePHB T+% P&r tPeUFar have
been found to be parrRzulkEr | grefisrrell ethefhecHeubet bindltdeheatcexehanger s

used with prefeienree vakaiheat xghangersonbi ghshaye g tube bundle flowed
through by I'iquid \Q,ietgl%(gutaé gcket ]1;I owed _t hrough by i quid.” Depending on
the tube di aneter . packihy densPt§°%t ¢’ 2 the heat transfer between the two
| i qui ds can be adjusted appropriately. It is possible in principle in the

process descririe@rhat UGl tdiR rRRGEHBA 6P tH€ 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
together with the acetone. In such a case, it may be
advantageous when appropriate mixing of acetone and
catalyst 1is ensured before feeding into the loop
reactor. Appropriate mixing can be effected, for
example, by the use of a mixer with moving parts or by
use of a static mixer.

When a continuous process in a loop reactor is selected
as the operating mode in the process described, it may
be appropriate to examine the state of the reaction
mixture by instantaneous or continual analyses. This
offers the advantage that, where appropriate, it is
also possible to react rapidly to changes in state in



- 17 - effect that the reaction mxture is conducted through the heat
exchanger in the tube bundle itself and the reaction takes place within the
tube bundl e, the heat being renoved fromthe tube bundle into the jacket
liquid. However, it has |ikew se been found to be practicable and in many
cases to be viable to conduct the reaction m xture 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 advant ageous when
the reaction mxture is distributed wi-t Rén-the jacket by neans of flow
resi st ances, pﬁﬁgerablxideflecting %Iates, to achi eve _a higher residence

e

time and better M Xing. The a6 of Uf kLol timel® FUFePOBP LA of t he
t ube bundl e mayforegxensilag ba theedesn ghhof rédrcancactvery beeabmmity 10:1 to

about 1:10; theivodee & difeniackpieis 1Bselerably greater than the vol ume
-of the tube bundl e (based on the contents of the tubes). The heat renoval

fromthe reactor is adjusted with an appropriate coolant, for exanple wth
wat er, such th&lorrRererdidyi anailgaperearurce esfedtdd, n farceranplor, afy about 25

to about 45C, isampaihgCil aheaboubtdP iAbeut 386 éd&lﬁ@i%iﬁéﬂﬁﬂasabOUt 33
e

to about 35C. érgroq%%tgfgmr nove %Pntlnuously fromt oop reactor. The
product has a temperaturé W thi nPrhe a5V eREHt | NP W EREET oRTt diFer at ur es,

for exanpl e a tERpEEHEIIFEYoPrapeasussSGntTHE phedgonresition] ed bypemeans of

one or nore heataexchangetare espeasiidbbyebyrdmans-0hi R LEsEBse pl ate heat
exchangers. For exanple, brine cooling is used. The tenperature of the
product after cooling should be about O to 10C, in particular 1 to about

5C. The producESPScHrefrerabhiynt Famst®itesd Pht eoryesséprgeoNEssEIngwhi ch has a

buffer - 18 - qhabtty oaspddtsadsid | eatedyhe o ogluct bédn t Beusd Or8geevessel can
be cool ed furthgLs,f of examl .ngytﬁgpsggn&%%i%%npﬁgn%hg part.streamfrom
the storage vessel to a sultable heat exchanger, for exanﬁfecio y pl at e
heat exchanger ™M¥r & ptidatthy SgrtabPBO G Driagl tthApEractyad mixtugeentirel y
possi bl e t hat esodt itouecbnipeaet | DN @aBht ake phace whidhe ist ofaageswassel

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 1loop reactor.
Since the reaction, however, is exothermic, in order to
avoid vyield 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
within a tube bundle heat exchanger. Depending on the
amount of product to be produced, the capacity of an
appropriate heat exchanger can be selected differently.
For industrial scale processes, heat exchangers having
a volume of about 10 to about 40 m’ in particular have
been found to be particularly suitable. The tube bundle
heat  exchangers used with preference are heat
exchangers which have a tube bundle flowed through by
liquid within a Jjacket flowed through by 1ligquid.
Depending on the tube diameter, packing density, etc.,
the heat transfer between the two liquids can be
adjusted appropriately. It is possible in principle in
the process described to conduct the reaction to the



The product can be recycled into the storage vessel in any way in
principle. However, it has been found to be advantageous in sone cases that
the product is recycled by nmeans of a system conposed of one or nore
nozzles into the storage vessel such that correspondi ng m xi ng of the
stored product takes place within the storage vessel. Product is also
renmoved continuously fromthe storage vessel into a stabilization vessel.
The product is adm xed there with a suitable acid, for exanple with H2SO4.
Thi s deactivates the catal yst and adjusttg the reaction m xture to a pH of
about 1 to about_3, in particular about 2. A suitable acid is in particular
sul phuric aci d,°f¥&°t e%lgrf)l EheuFBREF I atberuavilfg candeptesht thyfoudout 90 to
about 105% i n gher theaul axcbbingdaoutn 98hé 0 tabeubuAB% H2c$a4f The sihabili zed

product is Wtf}@a%%oﬁr9é‘i%é§1ep &bdleﬁ%' | e ;ggﬁglbgmt f%”%d into the

purification sg}fg portion o he st abi drawn can be
recycl ed, for e ere“ioﬁ?g tfﬁé?mst‘gtﬁ | Folgi S’HH@%%séPt%uéﬁet HECk$Sf fi ci ent
m Xi ng of the végmetl. i s ensured by nmeans of a system conposed of one or
nore nozzl es. ACH wor kup - 19 - --cyanohydrin which has been obtained in
a preceding st% e, for exan%pl e. fromthe reaction of acetone with

hydr ocyani ¢ acid oI subj eddedt e e sgi PEPR| PP Wor RepPratid cePaBi | i zed
crude acetone @;ﬁén@hymm}n dassefer ¢ed bef viamtdoid idogdaonsthd uenrics by, nmeans of

a correspondi nalﬁehmhx/augw tRb! & diest ikl ahd AR QLEASGAN b sg@nduct ed,
for exanpl e, gns, o onl% pne col um t kew se possi bl e,
n

Howe I
in an appropri aPe pdgﬁ‘ catTon"of EPﬂhJen?acé? oﬁbr‘iﬂ?ﬁ‘ﬁﬁﬂyd’llitﬁmt(‘} Gse a
conbi nati on of tehe &undgdre 8t shikl din ommol caves, deso Lol ned Weth a

falling-film evaporaibus! m:haﬁdlthkaorbeat:\é@oﬂfmm&ef aid '@ﬂstfﬂlhomt@é{apm ators
or else two or npre dl%that lop col ums 2 %g ined with one anot her.
The crude acetone SyanohydPRR eomeR? frr%e?ﬁqshe toFage tTHIREAEFEST 11 ati on
general | y wit hPEetipdirat e &lesftiglgourlated abbout a¢BGve o exagbke a

tenperat ure of rabiidncd tomaboidt vE@Cer InkiBgnci pl e, the crude acetone
cyanohydrin can be introduced directly into t he col um. However, it has
been found to be useful in some cases when the crude cool acetone
cyanohydrin, by Srebisivfofa Ifsdeteveiangete thestvolakesofiptbontubé t he heat
of the productbaldleadyyputépéetiday i shiel bakign. ofThelefeuerorn Bef urt her

enbodi nent of gg@ltprl%cgs%dggﬁ{l&bgd ?er@h ths grude gggt i% ce/anohydrl nis

heat ed by neans of a heat exc er errperature o] out 60 to 80C.
The acetone cyRTIRFaPIN PECPRAY fi fgfé?d‘ tﬁhedl‘é%umﬁapifoﬁhﬂytﬁ@‘anéu@?il%l
distillation cOlased, opreferahktynbavengheoraovédian 10 trays, or by nmeans of a
battery of two or nore corresponding suitable distillation colums. The
colum bottomis heated preferably with steam It has been found to be

advant ageous WR¥En N93E BERPHRM t BFJer Blureeasses A6t agiveeed avitehpet at ure of
140C; good vyi elpgsocanthtgoatbqlankf i €aki enaheme Wieen vaebirevedemhenad he bottom

t enper at ur e Isch@otreaeefg@rtér@%@aﬂgwt1439&ﬁr WOLALIREE Shag,ghout 110C

The tenperature data are
25 to about 45°C, in particular about 30 to about 38°C,

in particular about 33 to about 35°C.

A product is removed continuously £from the loop
reactor. The product has a temperature within the
abovementioned reaction temperatures, for example a
temperature of about 35°C. The product is cooled by
means of one or more heat exchangers, especially by
means of one or wmore plate heat exchangers. For
example, brine cooling is used. The temperature of the
product after cooling should be about 0 to 10°C, in
particular 1 to about 5°C. The product is preferably

transferred into a storage vessel which has a buffer
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- 20 - on the wall tenperature of the colum bottom The crude acetone
cyanohydrin is fed to the colum body in the upper third of the colum. The
distillation is performed preferably under reduced pressure, preferably at
a pressure of about 50 to about 900 nbar, in particular about 50 to about
250 nmbar and with good results between 50 to about 150 nbar. At the top of
the columm, gaseous inpurities, especially 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_hgat_ exchangers. Preference is given
here to using brine cooling with a tenperature of about 0 to about 10C
Thi s gives the fygasedos. camst addemnics:, of thde pragout s irhe tbppasttamagey to

condense. The fjdgk)condgnsaLi on stage Faytﬁ&s_e PAce, o fQhiexanple, at
standard pressure. However, it is equally possible and has been found to be

advant ageous i I[FOSSHRICRE e S SRAEIS hits PRF'S1ST6ABenSER oSt & P8%ef f ect ed
under reduced preessluree preterailey fatatt kecchregsur efavhiecdampievabl s in the

distillation. ThgreondgasatenhsqPassed BpENLe & coeldie0ldieclbpg vesse
and collected there at a tenperature of _about Q. to out 15C, in _particul ar

a
at about 5 to ABBEETAGES The* gdSe oty CEMBo RS AT cHP GG not*¢dia8nse in the
first condensateentstrepaar bakenmmsed finonhd roredacessalessur e chanber by
means of a vacuum punp. In principle, any vacuum punp can be used here.
However, it has,been found to _be advant ageous in ny cases to use a vacuum
b i ch. owiRE PEoTTe Geel B8 “Bobe b ead o F PSR aatet £ of
liquid inpuritieey wWayoln hrigadpser edomevRref étehee beent Hauafiote jeven here,
for exanple, taavshtedu)- IHNGRY ARACHUBhAUM® prodddt -is thRRyRUER | S
conduct ed throgghmaaggrt?eg heaE exchaQ%F%.%%ich i%npr%ﬁgr%ggg ggoled W th
brine at a tenpérature AbSU ST t OB 1BC S Cortdt it GEnt S A7t eh condense
here are |ikewiBEocolhe etiw@genveheetotldrtihag vossespanilicy alirxéady col l ects
the condensat esfolkhai RedreddprosaaiupicaNdtdc@nsyithha caadetsatien
perfornmed on t gsfépssure side of the vacuum punp can be effected, for
exanpl e, by a heat ‘exchanger, but also with a battery of two or nore heat
exchangers arranged in series in parallel. Gaseous substances renaining
after this condesdaid aix sdlep afetmoienDedt amntbsARt fromanyefl wtbhege
utilization, fos.%amphe, aat herdml kil bgatjaer Theneol bached cegcentrates
may |ikew se be utilized further as desired. However, f'or econpom c reasons,
it has been fo¥MEASS Hee&Rt rerBl B athidia§edGddt o IPEC FEPBPERe"ebAdensat es
into the reactiimo,f orhps egastbfvacet otiee cyatohydr i amd Thdpustss ethect ed
preferabl y al pnfQloaMiGeROLNGS Whi gh 6abL6.8CGesS Lihddte d00p,T eact or .

pl e have any_co

The condensates may I n princi _ ﬁ nmposi tion provided_that they do
not disrupt tHRAPESHAREL PBAYT 2t hé atetaRe cfShdhyar it R3TthEHy2tases, a
predom nant ansuinthuefict keidondensatenwillel | shigphenér, scdksilstvialy acet one and

hydrocyani ¢ acigheh@r Sxamphe 19y acsLabut akhes of 1abRHL 20 gpout 1: 2,
frequently in a ratio of about 1:1. The acetone cyanohydrin obtained from

the bottom of FWMEPSt FPI13HVENn286I H“is first cooled to a tenperature of
-about 40 to about 80C by the cold crude acetone cyanohydrin fed in by neans

of a first heai,exchanger.qubsgangntd v, sthe aeekons, cyanehydrigeis cool ed
to a tenperature_of about 30 to about 35C by nmeans of at, | east one further

heat exchangerST@Pdlopettifal | yeSFBted Mt er MEAPELRIREE  into  the

purification stage. A portion of the stabilized product
withdrawn can be recycled, for example, into the
stabilization vessel such that sufficient mixing of the
vessel is ensured by means of a system composed of one

Oor more nozzles.
ACH workup

In a further process element which can be used in

connection with the present invention, acetone



Am dation - 22 - In a further process elenent as frequently provided in
the preparation of nmethacrylic 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 nethacryl am de as the
product. The reaction is brought about in a manner known to those skilled
in the art by a reaction between concentrated sul phuric acid and acetone
cyanohydrin. The reaction is exotherm c, which neans that heat of reaction
i1 s advant ageously renoved fromthe systegn- The reacti on here too can again
be perfornmed in a batchw se process or in continuous processes. The latter
has been found-<avenpeydgivanvhgebudiaisn peaty cbiseaigedwah EhePTeceetinen i s
performed in a @@kl N¥BYS REABESSfrbhetHSErofcdiRRP Jeatd@bschas theen found

to be useful. The reaction ca be.effectedt:%prtexagpl?isé{ifgyﬂ$eone | oop

, o) !
reactor. However, |Fyﬁ%vzbém5 vanfﬁge%ﬁsjﬁ%éh t17e€ ré&actioni's performed in

a battery of twerbernorlae| oofrlridaeedr ssruden adeEope oceSCHBSEY} béd, a
sui tabl e | oop rreaetior ohasiONeANiARr echead thehbé s bPr meekoneccyanohydrin,
one or more feed. boll s, for £neent nated SuhphyrLe; Aeldo0ngpL tore gas
separators, one or re heat excﬁangers and one or nore m xers, and often a
punp as a convépPndenesisiuctTle Bodr 6KpBPLe of bacBedme e§aABhYdPRA with
sul phuric aci dcboughve neihaer yl asl desi Siisiakr epdysitascri had, aaxot herm c.
The heat of re .90 Mhi.c I jnt ti t ... at | east
| argely be mﬁt%ﬁ#a§ﬁ#¥$§n&%§§%§§§%%§% %fﬁ%e hégefgﬁﬁ f%%?%gﬁﬁﬁﬁ’increasing
t enper at ure i ntPhe$eact i 6ATPIIELIONH 03K KW | AY pricFEi pfstid 1&EAPBVe a rapid
and conpr ehenscwzutenDedlscofcdmbenb@awiti & epclliion-9ilh aproptoat e heat -
23 - 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
crude acetone cyanohydrin is heated by means of a heat

exchanger to a temperature of about 60 to 80°C.

The acetone cyanohydrin is purified by distillation by
means of a distillation column, preferably having more
than 10 trays, or by means of a battery of two or more
corresponding suitable distillation columns. The column
bottom is heated preferably with steam. It has been
found to be advantageous when the bottom temperature
does not exceed a temperature of 140°C; good yields and
good purification have been achieved when the bottom
temperature 1s not greater than about 130°C or not
higher than about 110°C. The temperature data are based
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exchangers. However, it may also be disadvantageous to cool the mixture too
greatly, since a sufficient heat transfer is required for appropriate
exchange at the heat exchangers. Since the viscosity of the mxture rises
greatly with falling tenperature, the circulation in and the flow through
the loop reactor is firstly conplicated, and sufficient renoval of the
reaction energy fromthe systemcan secondly no | onger be ensured. 1In
addition, excessively |low tenperatures in the reaction mxture can lead to
a crystallization of constituents of thggreaction m xture at the heat
exchangers. This further worsens the heat transfer, as a result of which a
clear yield reductthenwehh teepdetectect kheaddiummobpttdme | oop reactor cannot
be charged with the optimal anounts of reactants, such that the efficiency
of the process ffer overa | n_one .enbod nt t he ro

portion, prefer %%uﬁcﬁﬁﬂEGtﬁV?E@P%@flabbﬁt%giﬂﬁé%bﬁaF? rglﬁﬁgythe vol ume
flow rate fronﬁalgﬂﬁeamp@t aberdnef cylamotyldiminn iThei dipbiuleddonntis a fir st

| oop reactor. Addrbshed OOR feeastiPruiaf erabbya hﬁ%%@e”pf@ﬂ&a@@*
ne or nore mxi n and Qne or nore

exchangers, one or t
gas separ at or s 2Th8 C??%%Fggl sfﬁgaﬁs whi ¢ pd u%h 8 Sbé%Krie frst 1oop
reactor are préﬁéﬁagvyawnabﬂé:ré%géooﬁ&abbuQSQOmb®r6§0dnﬂﬁhh @eeflerably in
a range of 100 He@ud08 pEwRecando s erpr.ef et@blpard n a range of about 150 to
450 nB/h. In an at |east one further |oop reactor which follows the first

| oop reactor, the circulation streanms are preferably in a range of about 40
to 650 nB/h, pPEfertdlsl y Hap a afangdieof SO UG 50@a8PRS andprie igfef erably in
3 ][?nge of aboatspﬁelamﬁ%eraﬁhb aMar e@\aegcyamtlzf ef&id, ecbxteermroazlbare

i fference ove exchangers.is_about t , pa

preference belﬁggggseﬁ@(i Ehéhfgzﬁfgs ol é%&ﬂ%g b%e&%%ggcggnohydrln
can in princi pPBeb&eptd erphanddie Poop Pehktewr af &H) P6i APTSHBREVer, it has
been found to beca&vgaemsagem&ewgaaetha f@jedanl Shérd Otca musxn@gbehﬁaent for
exanple into a BB 45 @ka a_stati ¢ nglagca

e

wel | - m xed p0|nt hurlc aC| IS a vantageous y i N upstream of
t he acetone cyaﬁbﬂya%Yq? é@@l@?@ﬁou%IF@ﬂ%ﬁ%ﬁgenF? PE, EHOVEARSMES| ERBWI se
possible to feeﬁpbhmn&mbpMdebnmendelnWﬁetherbﬁoponﬁaﬁkmnoatsaagep0|nt

The ratio of tggyrqg&ga. fédéﬁ tﬂ;rlgggmﬁggctQE |§%éﬁag§aokh§gsgggh t hat an
excess of sul phuric aci present. The. excess uric acid is, based

on the nolar rEPVeV st f%b5%%ﬁ§¥?%&¥nPgss%Ekﬁna99z??f #@eﬁbSBPn ¥°in the
first | oop reao¢or adnantaeatis]l. 3nl twwweboutas2sl iwinethe thast Eo@ptreactor

In some Cases,cbﬁa&%%t%ﬁnswg@dlé Oepfecac%\ﬁa'ﬁhagﬁok@dﬁ&@zﬁf c@cm-the reaction
in the loop reactor w.th such an excess of | phuric aci Theggulphurlc

acid may servePFerEFarlyr dkanpi%, F§§S§u§%lvgﬁf nTREED S hé™vi 58Bsity of
t he reacti on niiksturldaltown. Wil vondrneasaris pasisghieonrienoval cobladat of

reaction and acéf&%%tlhsnpgéég}”éhéﬁcéﬂY%cEQéCEhé¥brﬂﬁ“é”ﬁ%mﬁ@%b%ugén entai l
significant yield advantages he tenperature in_the rea tlon?nh%ture i's

about 90 to abdut33Pc® fhé*ﬁ@ﬁtlﬁeﬁnva? PRI UREd by *BRE" o re heat

exchangers i n daltmitd a0pCreactor. It has been found to be advantageous when
t he heat exchangers have a suitable sensor systen1for controlling the

cooling perforrmance in order to prevent ex e55|ve eat cool | of the
reaction mixt Ure f 875¢HE af R i OHRFT edRoRET ?%:??ﬁﬁ'pllél, i:]?gnay be
advant ageous tiinsasemeiehbet heat stemnster removde lieat éReharderedr in the

heat exchangers -fnoipt bynfpidt &y CQ@%hQUOH§|Yaaﬂﬂukﬁmﬁdbuﬁﬁ t hencool i ng
performance of the hﬁat exchaqgers t hereto. This %a%é%% d%owé for exanpl e,

via the coolaﬁP”FF%@ any vaduum pump can be use
it has been found to be advantageous in many cases to

use a vacuum pump which, owing to its design, does not
lead to the introduction of liquid impurities into the
gas stream. Preference is therefore given here, for

example, to using dry-running vacuum pumps.

The gas stream which escapes on the pressure side of



- 25 - It is equally possible to achieve appropriate heating of the
reaction m xture by corresponding variation of the addition of the
reactants and by the generation of nore heat of reaction. A conbination of
the two possibilities is also conceivable. The | oop reactor should
additionally have at | east one gas separator. One nethod is to wthdraw
product formed continuously fromthe | oop reactor via the gas separator.
Anot her nethod is thus to withdraw the gases fornmed in the reaction from
the reaction chanber. The gas fornmed i-s2mainly carbon nonoxi de. The product
wi thdrawn fromthe | oop reactor is preferably transferred into a second

| oop reactor. |TP% RWEsdEor@rrBerrd dduosgh phéureiry iksrtniexehgngssonpri si ng
sul phuric aci d ancthetshaeeykaabre, caadehawi beepr oht aithed thpéf‘@:Jr%’:lCtl on in
e PHiSt Loop 4EaEate | S-d eRshad wdh Yag LSRG, pak ! csldsar of

acet one cyanohydrin sul phuric aci romthe
first |oop readtde %Ife atlifewse Ssieesred héne%éléséioééﬁﬁﬁm cvefded, reacts
wi th the acet ongicyardhydtiyn coaléersn e t betddmriRasr pbagite Fher

per formance Of\kﬁ%u%eQQ&bgglbﬂsthhQrcgﬁﬁgnéQ%%nr%ﬁﬁggﬁ§ega%nthﬁladvantage
that, owng to the sul phuric acid excess in o0p reactor, the
punpabi ity of RIFSSFEAcEiSh Af xERR eV henee cRE Reaeifeainsterfoand
ultimtely the exaglodear byi aphegedexdimriqenn, bat keast wotle anxddwgrel enent, at
| east one heat gxchangsr and %egteaaéchaage_g@saﬁa@%tq ag:granged in the

second | oop reactor, The reaction te ture 1n e second loop reactor is
|i kewi se about P§63LdehboufFSESE, S’FH@ PG emSTPIRRRYI puRipEsi | itY-Sof t he
reacti on m xt urcepdefisdieiain tgt@psfeer artooéd aand nsearn teamiy ofurdtéwrper at ur e
occurs in everycthuitherod 08By 8GHA LUshe Al tut@@@:?aﬂfbthe first.
Therefore, the second | oop reactor too advantageously has a heat exchanger
whose cool i ng performance can be controlled by an appropriate sensor
system - 26 Th¥hecddertmé cyawehydaies i sapgdiifreiédei mei nutal lsuietiabl e
rTnhXI ng gl etrrent fuPtEEegﬁr abl Meéﬁé&i a }ﬁv\%tvbgt Mexer eeanaﬁllcl%l MBlsbngl xed ItOO' nt

e product is, wi ra e separa cia as_ separator,
the second | ooB® regc o\r,\@%urﬁlohea &d ¢ rgm?]g’ﬁpae‘fifﬁﬁge?)‘fga% lﬁeci’%g ®to about
180C to conpl etéet pendsweteenintel the frepptitre frst aepytird dectolRe heati ng
is preferably bﬁilﬁ&ﬁ}fﬂ&dnsu@fhé hat émc@almé&mw at use ics abkai ned only

for a m nimum 188{111 s Wb Ol exa e agée Lt T tgf all%out Qne. n m inute to about
30 m nutes, in par |cu ar foro a a out £8 an6ut e gh Sor about

three to about CPRIRNSHLRE e@aYThins (Ea-”ﬁnphpbm ri‘@}‘@l eap¥ etd@ssédiPn any

appar ?t us Lor p:edmﬂiécmg:r%&tﬂtrﬁayt ezmgeﬂiai UaBsh@t SaHEn Lfﬁréﬁ@ét:lc&er b@ld For |
exanpl e, the g e in convent i ona ectrica
energy or by s?lg%mx %\%ﬂqe Cfa%?lylg equa I?arﬁ%scs: bie to %red%lm %ﬂg energy by
means of el ect®etHgnePfc thed] aPRdmSacEr whddnpl EOW%angc%‘frlsm cPbwaves. In
various cases,addtdias HREMfdHRGahOc baca@vanbagaﬁa@pwemtaembeafl ng step
is effected in eat nger th dwo-stag age ngement of
tube coils wh h) aOf % f%g?ag %éé gJ{?Oeus‘f:enttz %rgqla%lé/ %‘ u%FEg opposite
arrangenent . 'Icl’ﬁsabﬁ’élaté the reactlon m xture rapidly to a tenperature of
about 130 to 180C. The heat exchanger can be conbined, for exanple, wth
O O T @ I SRRLBLD" 8y Bt AR £l féogc’éq?ébgoettto gongyct the
reaction m xture throu as separ or arter eaves the frrst tube
coil in the héiahs’:é%éﬁ’ah‘@férco'H*’ﬁ'ns1§aﬁlﬁfwleﬂoﬁoeﬁaﬁﬂﬁ@raﬁ%%o@%
conmponents forameaitdusd ngot hebseactkoen fupmehbe daact bonddn ¥teténelt is

caual | ¥ Possl Rhe L bLERt-d 1] SRPLLAR, LKL LY 8, WL s 035 ghaLal or ol ter

it leaves the coi | ona nd to advant ageous
Subsequentlyy the acetone cyanohydrln is cooled to a

temperature of about 30 to about 35°C by means of at
least one further heat exchanger and optionally stored

intermediately.

Amidation



- 27 - to treat the reaction mxture with a gas separator both after it

| eaves the first tube coil and after it |eaves the second tube coil. The
am de sol ution thus obtainable generally has a tenperature of nore than
100C, typically a tenperature of about 130 to 180C. The gaseous conpounds
obtained in the am dation can in principle be disposed of in any way or
sent to further processing. However, it nay be advantageous in sone cases
when the appropriate gases are conbined in a transport line in such a way
that they are optionally pressurized ei ther continuously or as required,
for exanple with steam pressure, and can thus be transported further.
Esterification A& furtHehest epoapseeieowsti rat Esequgntdyedsoeidasenn and can

be used in the frespnépareeeshi &F inettABRETId OBVt Brt e RI@eesSs sxccor di ng
to the inventi i rol.ysi met hacryl am de. to nethacrylic acid and
its subsequent q%stlth%F ??F%gtél)(!ol)réis’t%crgjé Iﬁ%ccryyalnloéygg re P%C?eéifactﬁ &n can be
performed in of®BPLHBte hé&t s ffegenbxdifsperatessm Reueksy, afteksa However ,
it has in nmany seases beenrchounons 0 he Aduanisagreus cWhBmildae aesteki fi cation
is performed in@fg,beast two successive tanks, but, for exanple, also in
three or four or nore successive tanks. In this case, a solution of

nmet hacrylam de is introduced into the tank or into the first tank of a
battery of tankK&ecommdtsibng itswobosugmnr eadcanksin  ht masnkf equedmt | yopr ef erred

to performa centgspoRd ngestieri figatippn (rj@actai onw.th a b@elttgﬂgex of two or
nore tanks. Reference will therefore be ma her ei Naf Ler exc usively to
this variant . cpnﬁgngrated sulphuric acid and acetone cyanohydrin.

The reaction is 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
more feed points for concentrated sulphuric acid, one
Or more gas separators, one or more heat exchangers and
one or more mixers, and often a pump as a conveying

mearns.

The hydrolysis of acetone cyanohydrin with sulphuric
acid to give methacrylamide is, as already described,
exothermic. The heat of reaction which arises in the
reaction must, however, at least largely be withdrawn
from the system, since the yield falls with increasing
temperature in the reaction. It is possible in
principle to achieve a rapid and comprehensive removal
of the heat of &reaction with appropriate heat



In the process described here, it is possible, for exanple, to feed an

am de solution as obtainable fromthe am dation reaction described here
into a first tank. The tank is heated, for exanple, with steam The am de
solution supplied generally has an el evated tenperature, for exanple a
tenperature of about 100 to about 180C, essentially corresponding to the
exit tenperature of the am de solution fromthe am dation reaction
present ed above. An alkanol is also fed to the tanks, which can be used for
the esterification. Suitable al kanols bgre are in principle any al kanol s
having 1 to about 4 carbon atons, which may be |inear or branched,
saturated or unsathangtesl, pawdvecul dit pref etendes bélgwgivghvagedus roet hanol .

These al kanol s qmy; ldceiseube vsgdglogetners Wikh smelhags yd diC eskers, which
is the case especi al iin transesterifications. The tank is also charged

I
with water, so ttﬁ?é]tsfﬁ%erlé IEHIEBE alt e fEPT NG r&t G 6nIF n 2thd *fank of
about 13 to abdwat268sdhengeirght Sinnepahei culsapsabputof18&hen mbyowre2096 by

vei ght. The amounfsofram de shutrhen; and fheabkano! dre eoptinldied such that
f f\bout 1. t o apout

a total nolar ratio of am to_al kanol o 1.4 1:1.6

exi sts. The al @no?ndgaﬁh%egﬁ‘?%tFﬁB%‘fggH Reriome T PBarter iS¢y that the
mol ar ratio in qomelicasedreasdorsufdigbent temoval oodboute 1rdactigmd, in the
subsequent reacdHe@gyStAgRs, chased, ant heat otalcani ¢le 8 r eanyeiar ratios
of about 1:0.05 to a(gout 1: 0.3 are established. The al kanol fed into the
esterification Wy B2 conposed of "fresh al kanol" and al kanol from
recycling streans of the workup stages and, if required, also of recycling

streans of the wowaghieadn prasessesvely t hewr adupki-opusyst 6 the29 -  The

first tank can be charged wth water. Ln,principle such thaf, water is fed to
the tank from &Ry sout c&*5Mbvi ded t AEE%t Hi% Rat FYHas A6 hgt edient's whi ch

m ght adver sel Foaffdedentise €85t eEl¢ i czaactACR edtFtolreor af hetowrseFeam
process stages exbhingxanplmd sdeni-oreal bardnwatee Beasptidagwateascan be fed
to the tank. Haneyer,itols ke se AessiBleqto [egdadn xture gl water
and organi c conpounds to the tank, as obtained, for exanple, in the
purification ofehettreer yIic @diFion nethaclPPPec BRI, FHRPHr Eferr ed
enbodi ment of thergsdcesshpraserd@dmaer esmcthest atk readchatrged sakhl east
partly with a m f i 9 undsYhen a battery
of two or nor e%é%t%ﬁel %fa\gg%&ﬁcrfﬁ%e%gg?%%%%gatg}%ng}?%acti Sn, t he gaseous
subst ances forned, especially the nethacrylic esters, can in principle be
drawn of f i ndi vhdomd |gmdotiamesact tnrk papdeéed & artpon| f bratdrablyHowever,
it has been fogg&ha LROTR; £8s €8, t&ép& %ﬂ@@t $sWhER, cid) RiRakt ery of
S, e u

two or nore tan gaseous products fromthe tirst tank are first fed
into the seconf!P®adtrén Ve¥kelr WidsHt the 3Ga5eBts TERABYNTL f 8m t he
first tank bei hgtfethodidr ecidoy &0 fa rptr i fdopat terttothi sA pifacedurlecpf fers t he

advantage t hat,the £t equeotlyn gl 0! Ui Q0 Ofd:0aBRaidifsl | bk tank need

not be counteracted by conpli cat am ng apparatus. In the case of
passage of theCHaR¥TUPEWTst KFCeSIF MOFEt REXFRF seLEHKS /PG PRE SEcond tank,
t he f oam whi chmdas daeemebaraedrd .n Thee clirestattiznk samdanmmywhiahe pbeen

entrained al soentehs dfie £8agti . chanher of,Lhe,secondifank kRea sinple
manner. Since the foamftormation there,ls generallizsii{gni icantlg | ower,
0 n

there is no neERP9% As8PHBF 02t 1y Wip&r AtuPrefRaas & &fRSEr Panged
downst r eam of B0 itestsobamk/tt kewd forst pyetaleddyupnt heraver fdfowbofitt he fir st

tank; secondlysod todf 3sbe i thathe gaseaus subsharses {o6yadabiothe first

tank or which are present in_t first , ,
which follows the first loop reactor, the circulation

streams are preferably in a range of about 40 to
650 m’/h, preferably in a range of 50 to 500 m’/h and
more preferably in a range of about 60 to 350 m’/h.
Moreover, a preferred temperature difference over the
heat exchangers is about 1 to 20°¢°C, particular

preference being given to about 2 to 7°C.



- 30 - tank. The second tank and any follow ng tanks are |ikew se charged
with methanol. It is preferred here that the anmpbunt of nethanol decreases
by at least 101 fromtank to tank, based in each case on the preceding
tank. The water concentration in the second tank and in the further tanks
may differ fromthat of the first tank; the concentration differences are,

t hough, often small. The vapours forned in the second tank are renoved from
the tank and introduced into the bottomof a distillation colum. Wen the
esterification is performed with a batteey-of three or nore tanks, the
overflow of the second tank is transferred in each case intg a third t ank,
and the over f| oW of2IEHERE hiCYARPRYAC LT fCathpio i itEPLEn®s £oFodMtR tank. The
further tanks de |ideewirsecsbeamtheatyedooithe tenpeeatuie ihast arks 3 and, if
appropriate, 4 d38ref ezgéa@d)(fa ghgéé@sd Jh%napﬂe]tfe]e%od.tso 13%9”:& middGy  The

vapours escaping fromthe tanks Rgassed I nt stilTation cglunn this
pref erably be|ﬁgeQFFEct%RF|§¥QﬁRéeI6 ? F BT GRPhBOYIRG iRATAEI OF col um.
The vapours conrpritseiamiazeot popat i wdllr-eigéd gasiriter Tat eamphetibacryl i c

esters and al kapek apdggdepending 9n sLhe ;al Y gaper at ure
of about 60 to about #L%OC f or exér?}plfe al%gulﬁg%i?%&a ou%we ea&t\%hgﬁ met hanol

is used. In thEYAPSEYFHiRt | APESiGRN, CRBSREHFacr yiGi ¢ E5t erP9"eVE&parat ed i n
gaseous forn1fﬂehﬁwiﬁﬁ\ﬂqﬁﬁ;bleomstmEeentﬁemhutﬁhwnmd atidhiigier the
temperatures. TBegphiahbei L ngnf r@gtions (mainly nethacrylic acid,

hydr oxyi sobutyric esters and water) are recycled into the first reaction
tank. The nmethacrylic ester fornmed is drawn off at the top of the colum
and cool ed by Fbansasfica dfeathexcirangertor ia bdtet etgowf remotawr Aere heat
extcfr}angelrs Ittcbaercblqea f@mﬁ tt,matbeayseﬁceésé no§0r£elga§§§i w@emt he
methacrylic ester is c nea

exchangers, |npmﬁ|c%:c§§5 §X ?%t geﬁ%*ﬁ&%ﬁ8n§%+dmi7h%ﬁﬁf rOBeFESrnB t he
condensati on aﬁ@l%F(%ﬁﬂHQuPﬁ(ﬁhftqgﬁﬁ§ﬁavemtﬁmﬁahﬂmeuﬂ-@OltéoabbevtSOC, whi | e
a second bri nesepoledteati rexchasgereatidar hakespau€00ld ng toadbaut 5 to
about 15C. A pﬁri-ltnggnl é@“ﬂ&%@r@% Ler- cool ed condensate can be introduced
as reflux to the col umms for concén ?lon control in the colum. However,
it is equally possible to cool the nmethacrylic ester formed by nmeans of a
battery of norenthar tcasebeat texahangar ouhl thi BeCaﬁ‘@,nﬂaIgebﬁspt)cSSi ble, for
exampl e, firstodoindentakeas, eool 109.by Teans ol Lyo el etcoled heat

exchangers co in serres and chieve her cooling by

means of an aﬁﬁ“ﬁﬁﬁléFeSHFPﬁei%Rxﬁ?%f hé@@ EXREPRAHEET acqﬁo@aexéﬁﬁY% in the
process presertteatk hdoe, ekhephet hacryldcaveat eand oxead ran wWecoedted in the
gaseous state by (RARLAOL:dn h18uACaL,EXEhARGCL I Llbal or nogaLENg. BOL N

condensed and uncondensed substances are t assed on into second heat
‘exchanger, wher¥®yetuPt hBFatoftierraftiion BPdndahSWerf WRERST2EBBERI Rh t akes
.pl ace. At thi sshgoirebctiot mﬁ«ﬁumbe THAS ecats «sithslantesi tiaranthghe be

transferred |ng. g&gra% - X gﬁgw%ggkgd Qe@ﬁe g gﬁ;nu;pgrgopgensate in

this brine- cooIe t exc en |ntro into the distillate
stream mhiIeeﬁﬁ@tr%ﬁthFﬁ€u§a§%6d§ subst ances can be utilized further or
sent to disposal. The nmethacrylic ester condensate fromthe second

water -cool ed heat gughanger.hs then aaled iy aqngt etz cqked g

bri ne-cool ed heat exchanger to_a tenperature “of ss than 15C preferably
about 8 to ab&ChIBTETSTHTS tE6oLPRY B¢ EanIF eads tlbeﬁrhefoﬂﬁfih’é%rlgﬁl c ester
f ormed havi ng advahgagddusaniien |dwerheantehaabet or hhce aei dgutihablewul d be

the case wthaupgtheg 99%&%?598{]%89&6’91:]@9 t%IeEpcooEQ% conl.gd popdensate is

then transferred to a ase separator he organi'c phase (nethacrylic
ester) is sepafat¥defr GFn RIS VEGhe SFSepRA%RLY T%ree%i?qu%‘b%]sl%hﬁe W ch, as
wel | as wat er regayial soikawve: afepntt@Bt afforementioned reasons. For

example, it may be advantageous to measure the heat
transfer in the heat exchanger or in the heat
exchangers point by point or continuously and to adjust
the cooling performance of the heat exchangers thereto.

This can be done, for example, via the coolant itself.



R bl et

- 32 - organic conpounds, especi ally al kanol,fromthe distillation step may
in principle be used further as desired. However, as already described
above, it may be preferred to recycle this m xture of water and organic
conpounds back into the esterification process by feeding it into the first
reaction tank. The renoved organic phase is fed into a scrubber. There,
the nethacrylic ester is scrubbed with dem neralized water. The separated
aqueous phase which conprises a mxture of water and organi c conpounds,
especially alkanol, can in turn in priné?ple be used further as desired.

However, it is 1acdv%nt g@y? %ggsggﬂgo&g c &%Taea,gn% 99{;?%’&' %ganlﬁ aqu_eous
phase back into the esteri ati1on step I eedi A exanp into
the first tank.® Sltﬁ’@e rﬁéFFla%"l‘ yRiEt st divs W@Sﬁog iR¥hgrarerdenty of

pol ymeri ze, it the kAdimiph CHSaehecadeantageousidWheN thar gensratdloan ofn t he
esterificationgpf.methacryls crgg+@ll(;rpat SUGQm@l Qll}ggerblzatgrgn ik$oPrevent ed.

In plants for prepar|] n]%%met hacrylic acid or acrylic esters,
pol ymeri zat i on PoFFE YidKkES p’r%célﬁﬁeri:"ﬁ‘@?ﬁa%k?]ﬁ i cTBgi d°6P ri‘@lal‘faf?Fyl ic ester

firstly have ashouwlid| sdditatealdy tHaat laacaleacal mreongss cegpdrator.i n whi ch

contact |asti n@n@vaetao& ofg per wgh&%tvy%mkh%%accaﬁﬁﬁwhsw hacrylic
ester and a marllglatlon initiator be establi shed, which can

subsequent | y Ié gt & 5099%??3‘6?% ‘”r?'l BPﬁegafosﬁPﬁ% Slﬁ’f‘r?t er
pol yneri zati onmbehadi dar thus nmy betiatheant dgeosssdso Optrigd zent eesubst ance

flow to the effegteidalsrdd e YoealBof ! ewarﬁ@etre Qe h_ﬁsn%%eayhgc ester or
of the nmethacrylic acid.is suffici ent,ﬂgﬁs at subs ant| é%l points in
the system t hal"*the’ fiberP BPRgat HICFII Wi Yadee e, it may

be advant ageoudotp aendton hes spreamablyBBtran@ﬁenmdhaenwl @ &@pén@r

nmet hacrylic estgsp Wdaresui t 8hl gnisd akicbhdeisosuchctbatl Pl Wwaakizahi on is

largely Squre%%&%Lre 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 cyanochydrin. 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 1in 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 vyield are improved. In turn, at least
one mixing element, at least one heat exchanger and at
least one gas separator are arranged in the second loop
reactor. The vreaction temperature in the second loop

reactor is likewise about 90 to about 120°C.

The problem of the pumpability of the reaction mixture,
of heat transfer and of a minimum reaction temperature
occurs in every further loop reactor just as it does in
the first. Therefore, the second 1loop reactor too
advantageously has a heat exchanger whose cooling

performance can be controlled by an appropriate sensor

system.
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For this purpose, the streans in the process presented here can in
principle be adm xed with stabilizers such that a mninmum | evel of

pol ynmeri zation takes place in the systemitself. To this end, the part of
the plant in particular in which the methacrylic acid or the nmethacrylic
ester is present in high concentration during or after the distillation is
supplied with appropriate stabilizers. For exanple, it has been found to
be viable to supply a stabilizer at the top of the distillation colum to
the stream of nethacrylic ester drawn_off there. Furthernore, it has been
found to be advantageous to flush those parts of the plant in which

nmet hacryl i ¢ aciTtheotacrebACEydnahyveEstiar iksagatcuieal eich win ha astiergpéeat ur e of
rore than about;2Qfy BIAIRIADLLpLEN B, LeBeLALULE;d Mblte Lange gof about 20
to about 120C, wth a solution of stabilizer in nethacrylic ester. For
exanpl e, some SFEMRBLI¥Sh@EABAte obtained in the heat exchangers, together
with a suitable stabilizer, is recycled into the top of the distillation

col um such t haet Beo QUM {9PnaPlnl i n}:ﬁéié‘)e(paria%o§pré¥§‘&:i%@i§t antly

With stabilized rre?hacrylic ester or stabilized nmethacrylic acid. This is

preferably don@3FnSERAFR wagit Mt $RFOBH APRMEECEIR BT NS h&Ct op of the
colum, at whi eh tieheeeatiwea afi soaft pobymer ekatt oh8 @fC net hasipileite aci d or

met hacrylic estge. rJdha shgaln@xchanger snd NRBRLYeSadmye correspondi ngly
| i kewi se be charged with a stabilized solution of nmethacrylic acid or

met hacrylic ester in such a way that no cal m zones can formhere either. -
34 - conpri si nGhearlpmtingnoks derfefemplhecedirigrprdcesss, tiegpethal |y from
the am dation §bgpmur %epf&fsaaﬁﬁehr_@yga&a@n@ét%m{,i c@dd 08 plidtuhoget her
with steam In this mgy, he g S glxture,ls once a aIQEPULIerd to renove
conpounds whi cREEEP hef Fe i FEE P n 801 FdtUPe i I$§ﬁﬁ%ﬂ? r M1"8580f8l y, these
are col |l ect ed aboat centwiahtedi nin ardtéanlde ene toméuet heroult ichpzati on or
di t8100_8;31!- tT_he pBt ggtsﬁylé Bstef abba n@dr_éfé_r t{c{'_ealM% Oﬂaiix% rheidltuiﬁest h|e' »
esterification_an e .subsequent prepu ication, or e rylic aci
obtai ned, are g%b%eﬁﬁ%ﬁfﬁf”% ﬁ%p%% %Ff?ﬁﬁﬁ%é?gt%%a?ﬁ%n??paﬁégags?éFification
results in dilatkeisunshsuck acit¢masretiers etny rusd ressiiudl RSFBSFance, which
can |ikew se bgosentxdnpia,f urdiker diedrbi/zathan. br epubblicati om ok the ester
or of the aci d.olf. 48 Pl Ogeas.Presenied hers, Lhgqsublesl, muLer of the
present invention can al'so be Use Yin connecti on Wth a process_for
prepurifying ndPwaEtyl il &2 wrl ivePragilg coeSTBPLY akheledt e PlelYin t he
process el emenheaty chff odlcawsomEghet ISt @BGEatidh pritBei péegmpdreudby

met hacrylic acjd or a ﬁiéggaéygéhacrylic ester can be subjected to a further
purification in order to arrive at a very pure product. Such a purification
whi ch constitutes a further process elenent can, for exanple, be in one
stage. Howeverinitafiassbeesed pund t«as beecad¥anha@geouse i advampgeases when
such a puri fi Gald,on ROMRLLSRY el east JhHL-AlAdes o | fLathi Shsager t he

| ow-boiling constituents of the product are renoved 1n a first’
prepurificati ofitds EsEERFRORPP Lt IFS2ERI 3TEMP W IO et hEcFPLLE ester or
crude net hacr yhichatag psefdrnsierdeedrbbest imtan aatdi Bdddd aoubhecol um in
whi ch the | ow Qi | . i S ) I ed.. hi s end,

t he crude netﬁg)f?ﬁ?g %g?%éé%%ﬁg%n{ﬁ?% gﬁ%ﬁgtﬁ?%hﬁﬁgﬁ%gg unﬁfgﬁﬁémhich case
the addition i(ZRIELYoEPred teperPRdFaritte 2PPREt Y tsperPORGHf of the - 35 -

The heat exchanger can be combined, for example, with
one or more gas separators. For example, it is possible
to conduct the reaction mixture through a gas separator
after it leaves the first tube coil in the heat
exchanger. This can remove, for example, gJaseous
components formed during the reaction from the reaction
mixture. It is equally possible to treat the reaction
mixture with a gas separator after it leaves the second

coil. It may additionally be found to be advantageous



colum. The colum bottomis heated with steam for exanple, in such a way
that a wall tenperature of about 50 to about 120C is achi eved. The
purification is perfornmed under reduced pressure. The pressure within the
colum in the case of the ester is preferably about 100 to about 600 nbar.
The pressure within the colum in the case of the acid is preferably about
40 to about 300 nbar. At the top of the columm, the | owboiling
constituents are renoved. In particular, these nay, for exanple, be ether,
acetone and nethyl formate. The VapOUFSZHFe t hen condensed by neans of one
or nore heat exchangers For ex it has been found to be useful in
some cases firsP to %%H?ﬁrﬁ?ﬁcEH%g§H§§PF8nW591ﬁb&ﬁ% BEPIXAF WaleFE cool ed
heat exchanger sftennitctledven s ikiscstHowbw erqili nilsatpmality 1passsbl e to use
only one heat exghanggly alpd s point. The heat exchangers are preferably
operated in an upright state to increase the flowrate and in order to
prevent the formation of stationary phases, preference being given to

obt ai ni ng naxiWhﬁ]WeﬁﬁéngxﬂﬁmmnecUﬂdmﬁomhﬁime@meo@emheammye&w@ooied heat
exchanger or themy@zta%reoek%f@aéha%xqbaa@e@pmmf %aeepéed heat
exchanger, but i s al ossible to connect'"a b ery o tmo or nore

bri ne- cool ed h8 a%%%héage‘%]d%Mﬁstreanl In the battery of heat exchangers,
t he vapours are condensed, provided with stabilizer and, for exanple, fed

to a phase sep@a@tgaseosbnesmwena/samaaneraylﬁl @93 caNnlAkAowater , 1 ANy aqueous
phase whi ch occurs . of . or. sent _to a further utlllz}%rtllon An

Y
exanpl e of a posSi bl pﬁef u?t%]e?pcfﬁeiq Ofatlfloﬁn?’sw?}éc‘ifcﬁ% it Gv
esterificatiorP¥eessiog; Howeexanphé imshd e edvantadecasi om reamt i on as has

been descri bedcaaégsvewhérn thés & §§6pr1<‘h§a ag&@@ysap@a%%mbsn@& efigrabl y
recycledlntoé}ganflr llesterl tion tan he colum. Sone of

the organi c phase canin %rﬁnb%u%se% W%Ysg?ﬁy‘?ﬁﬁ' rﬁsqgfl?ﬂa eat
exchangers an®iIfeuropedf ethbetolapmiingpuely t fe ﬁ@nnﬁ%ﬁpﬁmﬁhnlﬁamhase is a
phase whi ch hascdhges adiicxed sMebh St@kidshzer, bhdi s cbhus fpessi de firstly
to effectivel y pre SPEaiqﬁ%@REQHt'O” of cal mzones. Secondly, the presence
of the stablllzer rlngs further suppression of the polynerization
tendency of the vapours renoved. The condensate stream obtained fromthe
heat exchangergstesiatdittionnal |y preferably adm xed with dem neralized 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 efcH&RGEFT b%ﬁefFér"K}ur?éy CopEEL BYERA y* IRFOFBERS SOE e %] ectors as
reduced- pressuke penessat dms thbepsabgrectiedeanten agaidonhecaicondansati on by

Teans of one gk eI thel oAl eXCDADORLSnchbN2S Begnafound d o be

‘advant ageous for econom c_reason en su post con ondenses
not only the §asediRFPefbEtAMEs fF8n1ﬂﬁ§h5Fﬁﬁh¥%f|%%&¢onanﬁorJé%bnple it

i s possibl e t eubeegudmur tewrergdseatusosubst aneksciyd isucdsterpostTardensat i on,
as obtained framthg, n&ain ]&Prﬂaéf a&qe%n 9 JRt hacryd.ie RS fHie advant age

of such a procedure lies, for exa In transferrlng such a proportion of
met hacrylic e§F@WPH%|%ﬂaﬂh§eﬁ5deeéﬁnE6nd@ﬁ@%ﬁ?qn thelAai APpdtdi cati on
stage once noresgsa bhenphasengepawat die | iddvadvegpousf i eathon wel um in the
prepuri fi cal | geetieicictbiisse nggff&mefdormeém@sst Pab gutmddtigation of

yield can take place and m ni osses of hacrylic esters Cccur.

Moreover, thet3uFFafe séPECEFIRPHY tHEWES ﬁﬁr"a‘?ldo¥ hePWp et atBi® of t hese
further heat sucteryjers akhews tlte camiesi tdaes, of at hesadfdtgas | edvi ng t hese
heat exchangeysn£shchaud Vid henC AL %té%@géﬂ Sor Lhee @ usted. -

37 - OMng to_the féedin repuritication of

met hacrylic e5teft %R t%rb%HﬁF%hPf ﬁaPﬁ%‘¥§E%FFfP%aEW%h“7ﬁ@rﬁhe
~concentrati oncaikd.ow boiling constituents in the crude nethyl nethacryl ate
overall can rise continuously. In order to prevent this, it may be

advant ageous to di scharge sone of the water fed to the system out of the
system preferfabty EHIYTESYsPFeiehred dFScRaFERFtah FRTBFIRRGGRE be

ef fected, foresbeanpglieation areaniden ofithmgnidatdery nodhiceb wat eores fed to
the systemindhe. pr@&gfehbgatwm 1he-aaueous, Phase sepalated.out In the
‘phase separator typically has a content of organic constituents. It may

t herefore be‘?ﬁ?&ﬁﬁ&@%ﬁd%’F&lFeEﬂr%%F§ water to a form of disposal which
utilizes this content of organic substances.




For exanple, it may be advant ageous when water thus contam nated with
organi ¢ substances is fed to the conbustion chanber in a sul phuric acid

cl eavage process. Oning to the oxidizable constituents, its calorific value
can still be utilized at least partly. In addition, a possibly expensive

di sposal of the water contami nated with organi c substances is thus often
avoi ded. Fine purification of the nethacrylic ester For the fine
purification of the nethacrylic ester, the crude prepurified nmethacrylic
ester is subjected to another distillatizean- This frees the crude

met hacrylic ester of its high-boiling constituents with the aid of a
distillation colum to obtain a pure nethacrylic ester. To this end, the
crude net hacryl g e&ée@ﬂd&ebﬁtkﬁﬁUQEHe&nh@ra dhstiﬁiapb@muﬁeLunmn:sonetines

nto the | ower BalfyJn & IRORCLKAQYAL{ oL hase Sl Iedshppidecaf. - 38 -

skilled in the vant ageous i n many
cases for the pﬁ?‘?tﬁméﬁa‘ﬂf@ ré%%ﬁ“’t%%’g 6?%‘?}@6’(’5@\/\/(@?:9( héeR s [ f&tStn col um
is operated w ttagne Tole nBhe PACKEdIGSRI, V\kfbehegaﬁpsmpmdhaepému mteel y to the
foll ow ng requifemgnt %oluﬂc!r?t 's)ﬁ JlHéé ﬁ@l#heha%l he, | ET@\%%&)V\BC’

through by methacrylic ester, nlnun1 eve SO- ca dead spaces”
shoul d formin tH&PEEFHRRs. f%eexdié‘ﬁélesﬁaé@ép?@édlrﬁooé éB%%r]a%q W&y |ong
resi dence time afodthelsethaceypkest estier scomaongiogotes theirexit

pol ymer i zati on. . icsakrd VR k6@0SiAcCXRENEINE PrORIUEL Olnshitl dpyins and
cl eani ng of theé%&%ﬁ Brlate parts bl ocke ﬁ One way__of
countering the ¥ P oﬂr%?enﬁégdag‘ﬁ‘a%e&q §lk66? Jb%/ a&éé’l g7 arfy tﬁ&? a
sufficient opertiksg woish glnt he esddimos, the edtwani§itaadrt.hemwith a
sufficient anount of liquid, so that constant flushing of the columms and
especially of the um_jnternal s such as packi ngs is_achi eved. For

i nstance, the é%Pﬁﬁ%i k a% Ty eV CBs PRATE e*Hest 1r the
sprayi ng of théwsahanh Kntebne@s4 tarleddidtioon, wheckohanmbd ntigreaal s nay be

connected to onrg armﬁheﬁe@ucmat&atatear eby aﬂﬂsgﬁa@teaaceear@fcaetﬂ er none
at all, form To this en

i nternals conn cted.to one
anot her or to tHETESFITM lﬁglﬁFé??ng?eﬂe% §1oﬁ%§3 k%%?% adResi on
seans have at lé&swisdodpe 299@1eﬁeﬂabh?raﬂﬂﬁ@asmeﬁﬁﬁuwlscanﬁﬂﬁﬁﬁe
preferably at h@ash abaiHe 18sé dPIURNNIPNSn frdanke Bt &F i mdhesbas. seam | engt h.
The I ength of these interruptions may be sel ected such that they nake up at
| east about 10% preferably at |east about 20% and nore preferably at |east
about 50% but T§eneralf |4F gdsonprardatavigboyatest hecadhasi Breedm Pengt h.

Anot her desi gntpeasuwetemyche-dritabribh thethst eanrl oFegbous of the col um,
especially tho I Ghe cont a i h hagr yl.i ers, less
t han about 50%?80§gfg?ab?€EW% éﬁﬁhagﬁag q!édla %bgﬁ%rﬁgoﬁia%?ﬁﬁk

exanpl e, the s?@gstWWQ§Hhépen into the interior of the colum may be
configured conically or with oblique surfaces. Another neasure may consi st

in keeping theg ﬁgbug%1g{el|gU|gmg§%ha§gfdef5nesgg§ pLese tkéﬂglthggcolunn

bottom as | ow as €OSSI ri eration o e colum secondl y
in preventing 69@tFREEINFUSH ﬁﬁﬁ§ éﬁdﬁﬁ@llﬁméﬁFteaéﬁonﬁéeﬁﬁﬁéetéﬁperatures
and | arge evapaleingin sarfaees during tbezﬂxﬁmoratlaﬂ ekistamy bﬁe

advant ageous i thi s c t ext %Ig%gignge ég of. | éﬁﬁ Aé% gg l,um bottom

makes up in the ran% and pre era to 10% of
the total anouRfabf H%tﬁ@éﬁ?lF@té§te¥1|?PQh§lE%ﬂuﬁﬂacq%% réa é§ proposed
in this paragraph. myo ahseud | Do Useand, the dhet slibsdduemtoframetthanarylic

aci d. stages, based on the total amide sgtream, molar ratios
of about 1:0.05 to about 1:0.3 are established. The
alkanol fed into the esterification may be composed of
“fresh alkanol” and alkanol from recycling streams of
the workup stages and, if required, also of recycling
streams of the downstream processes of the production

system.
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In the purification of the nmethacrylic ester, its high-boiling constituents
are separated fromthe product by distillation. To this end, the colum
bottomis heated with steam The bottomtenperature is preferably about 50
to about 80C, in particular about 60 to about 75C, with wall tenperature of
| ess than about 120C. The material obtained in the colum bottomis
preferably renoved continuously and cool ed by neans of a heat exchanger or
a battery of several heat exchangers to a tenperature in a range of about
40 to about 80C, preferably about 40 to2&b0ut 60C and nore preferably in a

range of about 50 t C.__Thi smat er| whi chc SESPIE edom nant Ly
net hacrylic estqg} ﬁfdgoﬁﬁpgoﬁﬁ?ﬁ?c TSEN) wﬁggﬁacryfl B R ARa st abi | i zer
conponents, is Ssmse“d@ént‘désterwl& &gt graagehey szl | ffasy adwarfslvecedi sposed of

or sent to anotfief/idse. tidt hassbegred Qié@dnbolﬁgr@c{i\é@ﬂbaw mighfBNY cases

when the material Q_,bt ai ne fectt t«?lecol rll%ottg{grlls recycled intg.the

esterificationéeactron. For exanpl e; Terial “From the colurm bottom
i s recycled i ntdPWRRETEAT SPreetssr | $4agesi orFOtrarﬁKamPFlFs gewaeralizgd. rise to
the advant age thaler wftislplamg eaatte@ aaﬂeusey esonnittal kynvi aklveveet hod and a

very high yiel d. el atjvely. highsboL! LO0COMmOYYs. L esenf.kl Lh] col umm

bottons are recycled in ion T eact top of the
col um, the netHgeryfi CC%C@F]dEUI’ Fei ebhdy tndi | Bat | BACF e t hdPEwn and

cool ed by rreanexeﬁlpaeheah etzhafgeart iekt BobabEemetdbctwni Or adid eolreat
e o gar BelBaLPlid NS BROUIS, 02 NaDE LA M BANSO ! Bl oF - 000! o
eat

heat exchangers or means br| ne-co exchangers ar % means of
a comnbi nati on @Foﬁﬁést%esq%t%§56€en theuridko e ¥eEEf Rh S6RECcases when
the vapours frearthe diisth | bat noxcwel uel awetdr arsier sech | Rirgahwo or nore
heat exchanger goﬁggunre&t ed in parallel, which are operated by neans of water
cooling. The uncondensed fractions from t he wat er-cool ed heat exchangers
can, for exanple, be introduced into a brine-cooled heat exchanger or a
battery of twowhennaer eabtene- odolted heatmeve henger sis whsesh pmy tbe arranged

in series or i @sgéuffé 'c%'uolh?e&@é‘i%%“s%és Q@ecﬁlé‘l%&agtiﬂ@g tepemBgat

exchangers are Introduced Into a Iectln vessel sent, % g buf fer
vessel by mean§SBECEPymyhei é‘eﬁhﬁﬁf%lﬁér e Fsex‘é?%njgrerprdflcép atP8ry of two
or nore furthedrheat oéxchiadgeidualllye Somdensct etshk eandi $edodieda for

exanpl e, by rreﬁﬂ§1@:fc£1gﬁt t Bb¥WeRfr ONG Ok st WReMaESENS 00! ednBeaksexchangers
and one or two br

ool ed heat exchangers . d enperature in a
range of about*® %’8 AB%RTEEAAFE S EXF&,‘ aﬁﬂ 6351%¥nﬁyt8§ %out °158°aRd nore
preferably in banlangetiod abeemuSZ PDOMS A ysar ttie r Ebvat sta harawn from
the condensat er st¢eara@nthics trH%CYé‘éd%@ldi Rtact e disdddll atikapueokyan via the

top of the colum. The conden e streg be fed |nt %etlp1 topy of the
col um in pringtpPreEs ncz?ﬁ‘?OWé% 5% x % YFE" di 9 bOeoT wever, it
may be advant ag&orr: lwher® aapmmlfeﬁaeftomheﬂemd@md@r?t pE&RFS sthed into the

vapour |ine aboyeaddiQet 0Ra0f thd&E@QLUEANLY high evolution of foam in
the first tank need not be counteracted by complicated
defoaming apparatus. In the case of passage of the
gaseous substances from the first tank into the second
tank, the foam which has been formed in the first tank
and may have been entrained also enters the reaction
chamber of the second tank in a simple manner. Since
the foam formation there is generally significantly

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
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- 41 - for exanple sprayed in. It is also preferred that this feeding al so
introduces stabilizer into the top of the colum. A further part-stream of
t he condensate intended for 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 colum. Here too, it is preferred that this
feeding introduces stabilizer into the top of the colum. The introduction
into the top of the colum can be done, for exanple, in such a way that the
interior of the top of the colum is sprayed with the condensate such that
no cal mzones can formin the top of the colum at which the nmethacrylic
ester can pol yngdilze, The rmegoadditddnaihy Bayadiahtcadasusanssadtisa
stabilizer for priexerti NthaREbYMRfikBaALkOAahOL & cONdENGREEe PR -18dFeeam whi ch
IS recypled IntQhHP%?&P'%QEhtTgksmggﬂagglnggéaggg Exaa !féasy idi ng an
appropriate anount  of polymeri zation PRI BT Tor - as stablli zet o the
condensat e partfzqanw éamki §pehdeld, flrsespriayieaghofasheon dpcopPredrdEn um. |t
has been found tgnhihe Tadvant&geisechbr$OBh Gasese Wekoideagengensat e
part-stream afier Lig addiijon of fhe siabiliger byt hefgre gplyy into the
top of the colum, passes through sti tabl e M xi ng apparatus, preferably a
static nixer, i¥Brdédet 6OREAN VA W8y WIGAPTORIATI T i fheren oPLESFe
stabilizer in tdeaiqaondensate part-stream The uncondensabl e gaseous
substances 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 ofThe PRPRETE obPEIehtir HheMFEFERYUr B2 8F aHSoFemeVed THWuUt 20C,
preferably abouthel ttan&kbouindl5Gramdduese piefer atiley iBotaomange ofa about 2

to 10C. - 42 -514cR195085, tc%lhﬁﬁ‘?ve any further inpurities fromthe product
and to arrive at ultrapure al kyl nmethacrylates, the product can al so be
subjected to an absorptive purification stage. It has been found to be
useful, for exaiehethaheaté¢tef jputeopr dsuper asmedMwdkk, aobataterdyeast a

portion of the puee PLORC +angsPUbhd i RAIHELNESE Wd Rebgaaighiofia
nol ecul ar sieve. Particularly acidic inpurities, ,espemngl ly formc acid
formed in the prépafaiish pF oSk, CB8n thES Be TEMoved¥n 57€i r%ee manner
fromthe productvestieamof| tthrmsthtdi t tenal | y fhempriopundts.o betasef ul in

sone cases whenolhenprduct sid ealicidd eraRRSSING t hudRet haa@sorptive
purification stn

a al so passes through one or nore filters in order to
renove any sol i 88%‘?6\5 F%ieﬁ‘pfﬁ%t‘b?eou tt.anl?ﬁeB’ si‘?‘%’arﬁstjoﬁpgf%rldwitﬁ'the wor kup

conprise 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
steam, methacrylic esters and alkanol and, depending on
the alkanol used, have a temperature of about 60 to
about 120°C, for example about 70 to about 90°C, when
methanol is used. In the distillation column, the
methacrylic ester is separated in gaseous form from the
vapour constituents which boil at higher temperatures.
The high-boiling fractions (mainly methacrylic acid,
hydroxyisobutyric esters and water) are recycled into
the first reaction tank. The methacrylic ester formed
ig drawn off at the top of the column and cooled by
means of a heat exchanger or a battery of two or more
heat exchangers. It has been found to be useful in some

cases when the methacrylic ester is cooled by means of.



predom nantly pol yneri zabl e conpounds. In order to, as already described
nore than once in this text, prevent the formation of cal mzones, 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 nethacrylic ester
are constantly flowed over with nethacrylic ester. In a further enbodi nent
of the process presented here, a part-stream of nethacrylic ester is

t herefore wi t hdrawn downstream of the buffer vessel but upstream of the
adsorptive purification stage in order 8D be flushed over the top regions
of those heat exchangers which take up the vapours stemmng fromthe
distillation cAtunhS@efnetYst olieRlt BHERANTEAS) n ithevhiGh f9864t iforf iStS&ge i s
subsequent | y wiltdadr awnhdngan thiehputtést gairformst age ddrddendat ipemature in a
range of about .aho 0 bl to_a G~and nore
preferably in 5'?gﬁgéﬁgfggbgugégp%%L%%%.C%tgggg%ngoo?otEgg%bﬁghﬁgd acid -
43 - In the prodé§saprecit &Finerecoiad ket hexadrnassbrederigegxample, in a
further processoellénente tbostubpedb tadheuconseoedasphphusteaacifdoabt ai ned in
the process 0 cacPyhilt CRidion bBnGEALle! Qaaubs CaNENd - heEY Al il back into

t he process. |I’t1: this case, far exanp a _stream conpri si ng consuned
sul phuri ¢ aci d,*Ca$"EanC BEGhEaF nEARFFHHRAEAE™ eSEHF dat FBR, A he
contacted w t hHowwedari nita ifsl ebablbn nesdelle s dduls the denisgcrgtlibeast sone

of the solids pgesentocaty bs,deroskt gd Q”k%ﬂ%e§yrE§C%DQE thgn! igui d, and
t hese deposi teglﬁsol i ds_can be separated out. The vapours are subsequently

condensed in a™fidht TXCRAAGET, pPRefBr &bl Pt hwatlsr REFLPHG, &85l ed and
recycl ed i nto ekemeds.erfifistatticonmdeatikona coddlimas heereahound teobe

adVﬁnt ageous hwaE@m&%%as m&t_ﬂ R RLPB Icgg{a%@efﬁt %les@_rkgg %ﬁé_t
exchangers an e cooling action |[s inproved further by introducing a

m xture of wat Elﬁlerén oor@‘gl% %Vecoﬁ‘po%ﬁ“ﬁf?,e asCBHtECn e by S8EF ubbi ng%i n t he
course of the aBPeeRfiatet bohngradiedphedt ieccghrogenf the met hacrylic ester
prepared, into the heat exchangers in such a way that the tops of the heat
exchangers are rayed with this_mxture. In addition tq the

COrr osi on-redutF:;gzgg %}&atn}por?’an&nt h&m%ooﬁ”i’%cge St PRESERTH i ﬂi“etrﬁe h&a¢
exchanger, t higeHraseedire chasr afpureheraradvaamaged Nat eriealgashipeh st ens
fromthe estersfdatbpnméandi ¥Eue ©frstatipncandkdyadesi nashl wafethanol ) is
recycled into Lhe esferihoathan pIpCess Lodebher i Ly, the methacrylic acid
and net hacrylic ester stemmng ?ron1exacf1y t'hts pr OCESS. FR°t e stri pper,
t he above- descFiBedPFIBGratdfoni HiS ot deetrng dreed ofxcheingeandwsens ds. After
their renoval ,fiuthese adghdeabktien apy huahbebrusater t@odifposakes!t is

Bl ant and honde Fer oftial T SLIBRLE, ¢ 551 MR T oo T or Mer Fat Lcover "some
of the energy iFedthst the pragesarred ipto arhaermcdied episdisi-6cgas@ous

conpounds obt &lered enchdigyest.ri e ngoadensat 10 amysf ustiier-cusee®r di sposed
of . heat exchanger is then introduced into the distillate
stream, while the remaining gaseous substances can be
utilized further or sent to disposal. The methacrylic
ester condensate from the second water-cooled heat
exchanger 1s then cooled in a water-cooled or brine-
cooled heat exchanger to a temperature of 1less than
15°C, preferably about 8 to about 12°C. This cooling
step can lead to the methacrylic ester formed having a
significantly lower content of formic acid than would
be the case without the corresponding cooling step. The
cooled condensate 1s then transferred to a phase
separator. Here, the organic phase (methacrylic ester)
is separated from the aqueous phase. The aqueous phase

which, as well as water, may also have a content of



The pl ant described here for renoving solids fromthe consuned acid and for
recycling material fromthe esterification process into exactly this
process can al so be performed, for exanple, tw ce for reasons of
operational reliability. For instance, the two or nore flotation vessels
can be used offset in tinme. Since solids can settle out in these vessels,
it is advantageous to renove them when the particular flotation vessel is

not bei ng used. The aforenmentioned will now be illustrated in detail with
reference to nonlimting draw ngs and_.exanpl es. The schematic draw ngs
show. Fig. 1: a plant systemfor preparing and processing with

met hacryl i c aciadgenioet wphpoetdacr yeapesialily. Zlkanplant ffror pitépari ng
acetone cyanohydrgicR1dd@n Fed WRHKUR RIARLi Y Beetane avanebydsin, Fig.

4: an am dation, pl.ant, ﬁ%%. 57 an efter fi.ca |§£ pI%nt FH?' 6: .a plant for
prepurifying t KE4EERr HP=yer7: 28 ¢ ?ﬁ?%@ﬂ????% SAPEF &Nt 1T 8PVt RS ester,
Fig. 8: a heat perdhargfertasrqrarctleofthi hempttane dr wpkepasidhproeatione
cyanohydrin. Figmpdushowsalte prebersipd elsepBnts0fiocd phatdessysbem 1 for
prepari ng nethgprﬁllc qudtor He;gacryllc esters gnd their further
processi ng pr odd€tE™d The Pir8nt S ystidh I°A8s'Farfbis pl ants connected to one
another usually in a fluid-conducting manner as el enents of this system
This plant system inelovdas aepiore gyanohydrifedpr epas atkl ofcdbet-ol | owed by

acet one cyanohﬁﬂrin morﬁgp %? foll9med gétgp aggdag&gg%%gd fol;lgwed by an
p

esterification ﬁﬁ?blygls 5 - Yot T ows y a worKu or “ester or

‘met hacryl i ¢ aciPgmgoerflgizedwedten- t Ghq dgparated aqueous phase which
comprises a mixture of water and organic compounds,

especially alkanol, can in turn in principle be used
further as desired. However, it 1s advantageous for
economic reasons to recycle this aqueous phase back
intoc the esterification step by £feeding it, for

example, into the first tank.

Since methacrylic esters have a strong tendency to
polymerize, it is 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
low flow rate, so that local calm zones can form, in
‘which contact lasting over a long period between
methacrylic acid or methacrylic ester and a
polymerization initiator can be established, which can

subsequently lead to polymerization.

In order to prevent such polymerization behaviour, it
may be advantageous to optimize the substance flow to
the effect that, firstly, the flow rate of the
methacrylic ester or of the methacrylic acid is
sufficiently high at substantially all points in the
system that the number of calm zones 1s minimized.

Furthermore, it may be advantageous to admix the stream



- 45 - fine purification 70, after which the ester, usually nethyl

nmet hacryl ate, or nmethacrylic acid is present. The pure ester/pure acid thus
obtai ned can be sent to a further processing plant 80. Useful further
processing plants 80 include in particular polynerization apparatus and
reactors for further organic reactions. In the polynerization reactors,

pol ynet hacryl ates can be prepared, and, in the reactors for organic
reactions, the pure nononers obtained here can be converted to further
organi ¢ conpounds. The further processing plant or the further processing
plants 80 is/are followed by a finishing 90. Wen the further processing
products are pot§mesthagtyhit haerd | wartihdcoyl etdaterymiithestetanleespeci al |y
nmet hyl nethacryd@ig.1ibBey aeachr ogessed Jaukhberzd i ve d i brgsge1youl di ng
conpositions, nge%%ggég granules, filnms, slabs, autonobile parts and ot her
moul di ngs by suf tAbIFE equi pnment such as extruders, blown-film extruders,

i njection-noul ding machi nes, spinneret dies and the like. In addition, the
plant system 1 #dy MY §aSESs&£ONHd SASeans UL Phitd Cordfdedspbadéedd For this
plant, all sul F}'lhel“nlfrei %a?lc"xq lr:‘ffméls Whibceh %%E}ecaé Vtsll hbestsa ii&%zéres f Ou[c this
purpose to the person ski'l ednlﬁﬂfhe art are useful™in pr|nC|6Te. Ref er ence
is made in thi Fheénttextinifpr éfdepl ef pelyrrizat Chaptdrey PlsaGe 189 ff. in
"Integrated Poldng isgecBhevesdion @hdrGentsnal, thbdr phitc Ref etrengeidaecument on

Best Avali bl e Techni r the f ur ge V | nQr.gani c
Chem cal s - A%ni%%f&%slggndl%eﬁ%%zg%" mol%?éfﬁg{ﬁ%e %?%&jfﬁg %Slreopean
Conmi ssi on. Th&@e$tpphutic &EFE* plisht PYOSERE céineki®y c61&eBEF3IESL0f ot her
pl ants. For i nstuaneg, dheadecetontheydnebyrrdtiopr epar atuppni@d ivatsuppl i ed

W th concentrataggrgg%% isgaggigzé@sa a sul phuric acid line 2. Moreover, a

further sul phur n exi sts between the sul phuric acid plant 100
and the am dation 40. The dilute sulphuric acid also referred to as " Spent
Aci d" from t he Fest eradfipleat iianh&d Hdyrdriclupgi so 50a)viadler ansferglgdat o t he

sul phuri c acidgpLanti 00 e~ (AL top $ATOMOR;LELIIdNCS EOTuRPEY Ul phuric
acid 4 and 5. In the sul phuric acid plant 100, ul phuric acid

, the dilute s

can be worked §pF%Fhe Wor kuPCOIRRTRE 1§i | RELul pAtRTE aé’if% can € ‘ef f ect ed,
for exanpl e, afudeserndyed it WRO2HR3088>Ald gro Ve 024 PB808YeAbs Ite general ,
the plants arermaouf aebys edatromotche it erd Al s whisghciar Refidddyhae to those
skilled in the_art and arp‘g%%{ tg,be sui tabl e for,the]] articul Er stresses.
Usual Iy, the nBf&fiafti s"StiGiYeds sE&EFTwhith M idreHar &t af have
exceptional actempesitstrancé. mPhe thgh opsouwsf 2A08€, pbaafsrakhiycivigdhe aoper at ed
wi th sul phuri craghsr-andeespecil |danyet hbcofierRt rat ad sddRhurigpoaci d are
additionally lined and protect]_gd Wi tlﬂ.ceram' c r[;ﬁ)éteri @I.s ortepl astics. In
addi tion, the HethaErSAE18RI Ot obtH HedSF ntt HE HECRELEFYI FEFci dOFl ant SOa
can be fed vi aczamwlchacyopiel cofactlee | Forddisaget lpbtpingdr ifi ¢aei &9260. It has
al so been foungkdnRRdseftlgdipeaddy st abidiizep1énditeat edzad thisS" in the
acet one cyanohydri repar att' on 20, tfhetﬁam' da%i. gg t4.0 0 tchel#%%t er |CL| cation
50, the hydrol ¥37% 503, "t Re Eﬁ‘?eﬁﬁ’lpi FAfcdt ot 66 andt A & TRE e id
purification 76hat | khehecalbetronéopyanohyditisn priegrzioat i obs 2G3Ro®A i n Fi gure

2, the acetonecéssdirRYided iich ans@oehanesvessehaddyaid thecdwydregyanic acid
in a hydrocyanic The acet.qne v.essei/ 21 has dansecr:.uulbbl ng

aci.d vessel 22. .
tower 23 whi ch&:’t"i"lfﬁiltzggu%%@?aﬁ:é’dilgn?cﬁ 5 o REFESEYLIY 1978l éHents 24. A
series of of fgssch ine@R25hdti ote stam faaowsy apnodorpl ant §hentPheopl ant
system 1 open #He a-dIRANSChEDRLNGH t ONBFe 23 alh@sRCEEOPBLEedi@MtiBhO a | oop
reactor 26 via the g etone feed, 27 and tﬂg h gr.ocya I C. ac'hg v'% Ehe
hydr ocyani ¢ acid f'€sd®28 ddwn8tteam of ¢ aﬁ%’ FocyaEni ¢ actd fE6a 28 is
di sposed a pumxcd@ngtot| ¢hedseivesur napycarcesrmngingiged ik¢0ishi A is

fol l oned by a slaljed WH¥Bra2ilapi fed SHokhomeds byeendtegtiiexehanger 212
whi ch has a series tg%(:flgw resistances 213 and atéjalteasét one %%olelsng l'ine
214. In the | SUp PEAECEY 2%, STHE rHacTiTh Ti%ure%on$ g “6F

can form here either.

It has also been found to be advantageous in the

process presented here when, for example, the offgases



- 47 - acetone, hydrocyanic acid and catalyst is conducted in a circuit to
a consi derabl e degree, which is indicated by bold lines. Fromthe heat
exchanger 212, the reaction mxture is conducted via the flow resistances
along the cooling lines 214, and a portion of the circulation streamis
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
notion and secondly cool. Via an outlet;220-which follows the collecting
vessel 216, a stabilizer vessel 221 is attached, into which a sul phuric
acid feed 222 opeipgiamty f capbshi @bnbhed€er dden apetaneiny apobyedas,i S

conduct ed thro%%%e%@%%%ﬁi%ﬁ%n%%% %ﬁggagggnqﬁﬁzqnglgﬁﬁgggggréﬂkgﬁﬁkup 30.

In Figure 3, comng cyanohydri n preparati the outlet 223

opens into a hédt® S&RARGEFEION PIRAECHOgRENS] rebih cHRdy fForhftife cyan
preparation 20way heatedasAmiapoty feeshd? dgminopnedteet tio timudveat .
exchanger 31 and, Qpens OHﬂi%‘g %%g g@ﬁ:ﬁ%m&?&% an, dakerabl i, theadiep region,

of a colum 33. e colum titude of packings 34 ich are

usual |y confi gdfP&d-aSeErRly.: IHReFRe2FBWEPL YEGEBN 26f 2t RENEAUMRPES i s

di sposed t he celndmabadid erN35tdromoMeircht il boetrtionsooudisplos3b. | eads into the
heat exchanger 31 and heats the streans conducted through the outlet 223
into the heat exchan%e 31.. A pure product line 37 is connected to the heat
exchanger 31, WhHECcHSFEAFOIY ISP TGEWMTEEREERT bYF t He® afifdat it ™88, *Fn the top
regi on of the ¢cbkeumst8Bifiatiioposed ahtopsbsedusgit 38 ephirthiopd®s.into a
heat exchanger 539:Le ¥WViER §1YacHLB IR 1340 | SrLoupRehegh@nd Lpens in turn
into a heat exchang%Bél. ot h_t he he% exchan?er 39 and tt%g heat
exchanger 311 &Pe %cdif&GEEd tEPA T Hes T £EGOLE G Vedse1®%8125%t 3™ whi ch a
recycle |ine 3@3litecoswmbgitedcandciid cewneched rempheindopresddt®dr 26 in
the acetone cyangbyslidd) wn#é - cRRepakaliion 30. sckhe adi datiwnidd depicted
in Fig. 4 first _has_an acetone cyanohydrin feed 41 and a sul phuric acid
feed 42 which Bp&n THt'S™a | oop reactor 43. The acetone cyanohydrin feed 41
connected to the acetone cyanohydrin workup 30 opens into the circuit of
the | oop react preddritawastoeash Qfhedcpt8P 4 candngpséieam of a nmixer 45.
Upstream of this punp 44, the sulphuric acid feed 42 opens out. The m xer
45 is foll owed downstream by a heat exchanger 46 which in turn opens into a
gas separator I7 fthempwAredS Presanted digyres ddel st cAnd2ateEedT49 to a
further |oop renst preddit eximdentiba fdant arsol aep ysartnr ddthepttiant hird has

a conparabl e copstruction t first |. e . Fr he_furt her

| oop reactor 4§b, agféggci%% é%%br%rﬁﬁﬁ%agggicﬁ%%éé?égﬁffmgg%% ?g f ol | oned
by a gas separBeeraxyiict eshehhith dswiRegadnotibfePra99Farfd S48 5ni de |i ne
415 exit, the dmidrer 1aadiveg t ot heiwsiatdef,i cahi opthydimleysi £rHaeMAA pl ant
50a. Figure 5 . .erificat] 50, J b v bLine 51

whi ch conductsm%ég%§}Y32§ %?%gnfg g%l%égﬁéfﬁﬁ%&ggﬁ?%%?dgsF?%egg%,connected to
t he ani dati on SPHFERY fPo2a fraRkes PYiHI IdIFaF sohelt abY €y 3 &K Sheat er  54.
I n addition, aix alacohety | pnee5>rstanwn . W $drta br gker flicaeiapendiicht o the
tank 53. The | LLpne 55, ane thy d h PES, and R et he | ower
regi on of theq%%%%ggggé%h% E?rstqfﬁ%éggggigk%%ﬁ%egfgg %%fa fg?tﬁér t ank
53", which haP@ f0rt9Wer & -heBREVesa' 1t yhas afres8t eiPWEpdit PPne 56

indi cated by aadvaitagtodashes wiig dedses Thhen f vuthera t pmkiSgattion is
connected to t&%ﬁg&@?%d h0E.PO QQEQt%%&%‘C‘ptﬁe Mc_thor@a%f@d theORL,be top. The

ester vapour |1ne 56 s connected to t per region of the tank 53" and
opens into a RAUIGRISFORELALRIIRAMOSENE nPAFHITS oRTe aTFPNEES ot M dP ut e
sul phuric aci k&3t oepesenicitidrheauppeycriegionheot. t Mo tank B3d,. A tank

uni t 510 enCirégdagiﬁgﬁ%ag9§ifg QEL&PSSr brﬁge'methacrylic acid is

transferred first into a distillation column in which

the low-boiling constituents and water can be removed.
To this end, the crude methacrylic ester is sent to a
distillation c¢olumn, in which case the addition is

performed, for instance, in the wupper half of the
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of the column. Some of the organic phase can in turn be
used to spray the tops of the heat exchangers and the
top of the column. Since the removed organic phase is a
phase which has been admixed with stabilizer, it is
thus possible firstly to effectively prevent the
formation of calm zones. Secondly, the presence of the
stabilizer brings about further suppression of the

polymerization tendency of the vapours removed.

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 battery 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 is possible to feed
further gaseous substances to such a postcondensation,
as obtained from the main purification of methacrylic
esters. The advantage of such a procedure 1lies, for
example, in transferring such a proportion  of
methacrylic ester which has not been condensed in the
main purification stage once more via the phase
separator into the purification column in  the
prepurification. It is thus ensured, for example, that
a maximization of vyield can take place and minimum
losses of methacrylic esters occur. Moreover, the
suitable selection of the design and the operation of
these further heat exchangers allows the composition of
the offgas leaving these heat exchangers, especially

the content of low boilers, to be adjusted.
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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 continuously.
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 agqueous 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 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 is thus often

avoided.

Fine purification of the methacrylic ester

For the fine purification of the methacrylic ester, the
crude prepurified methacrylic ester is subjected to
another distillation. This freesg the crude methacrylic
ester of its high-boiling constituents with the aid of
a distillation column to obtain a pure methacrylic
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
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skilled in the art. However, it has been found to be
advantageous 1in 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 1long residence time of the
methacrylic esters, which promotes their
polymerization. This 1in 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 liquid, so that
constant flushing of the columns and especially of the
column internals such as packings 1is 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
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
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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 liquid wmethacrylic 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 liquid 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 geparated 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 toc 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 battery of several heat
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
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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 methacrylic 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. Theé condensate stream is cooled, for
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,
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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 vapour 1line 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 2zones
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
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.

221
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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
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 wup 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
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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 vessel. 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 mixture. In
addition to the corrosion-reducing action and the
cooling of the acid in the heat exchanger, this
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.
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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 £rom 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 vessels, it 1is
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
with methacrylic acid or methyl methacrylate,

Fig. 2: a plant for preparing acetone cyanohydrin,

Fig. 3: a workup plant for acetone cyanohydrin,

Fig. 4: an amidation plant,

Fig. 5: an esterification plant,

Fig. 6: a plant for prepurifying the ester,

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

Fig. 8: a heat exchanger as part of the plant for

preparing acetone cyanohydrin.

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
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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 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 the in Chapter 4, page 89 ff. in
“Integrated Pollution Prevention and Control - Draft
Reference Document on Best Avalible Techniques for the
Manufacture of Large Volume Inorganic Chemicals -
Amonia Acids and Fertelizers” obtainable via the
European Commission. The sulphuric acid plant 10 1is
connected to a sgeries 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
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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 wmethacrylic 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 wg 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 c¢yanohydrin 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 coocling
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 1line 214. In
the loop reactor 26, the reaction mixture consisting of

|ine 518
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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 1is conducted via the flow resistances
along the cooling 1lines 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 «c¢rude acetone cyanohydrin 1is
conducted through the outlet 223 into the acetone

cyanchydrin workup 30.

In Figure 3, coming from the c¢yanohydrin 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 is connected to the heat
exchanger 31 and opens out in the wupper 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 1is disposed the column bottom 35 from which a
bottoms outlet 36 leads into the heat exchanger 31 and
heats the streams conducted through the outlet 223 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
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preparation 20.

The amidation 40 depicted in Fig. 4 first has an
acetone cyanohydrin 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 is 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 séparator
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 1l1line 55 shown
with a broken line opens into the tank 53. The alcohol
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
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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
bottom 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 upper 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
“S”) 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 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
the sulphuric acid plant 100, and a low boiler vapour
line 522 which conducts the low-boiling constituents,
for further workup and recycling, enters the

esterification.

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

er
712
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region of the column 62 which constitutes the bottom of
this column, an ester outlet 65 exits, opens 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 is 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 1ig 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
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 is 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



88Reaction m xture outlet 89Cooler wall - 57 - Cainms 1.Processfor
preparing acetone cyanohydrin, conprising as steps: A contacting acetone
and hydrocyanic acid in a reactor to give a reaction mxture, the reaction
m xture being circulated, to obtain acetone cyanohydrin; B. cooling at

| east some of the reaction mxture by flowmng it through a cooling region
of a cooler, the cooler including one cooling elenent or at |east two
cooling elenments; C discharging at |east a portion of the acetone
cyanohydrin obtained fromthe reactor, gq _

series connection. These are followed by a wmolecular
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.

In Figure 8 1is a section from Figure 2, so that
reference 1s made to the figure description for
Figure 2. In addition: the reaction mixture is fed into
a cooling region 85 bordered thereby and a reaction
mixture outlet 88 through an injecting element 81
configured as a nozzle. The cooling region 85 has a
volume symbolized by the dotted area, which does not
include the <volumes of the multitude of cooling
elements which are symbolized by the hatched areas and
which are flowed through with coclant via the coolant
inlet 214 and the coolant outlet 82. It 1is discernible
from Figure 8 that the volume of the cooling region
symbolized by the dotted area 1is greater than the
volume of the cooling elements symbolized by the
hatched area. The deflecting elements or flow
resistances 213 configured as baffle plates may be
provided either at a cooler wall 89 surrounding the
cooling region 85 or at the cooling elements 83. The
arrangement and selection of the injecting elements 81
and of the deflecting elements 213 can achieve cooling
flow directions 87 deviating from a main flow direction
86 shown by the dotted arrow, and hence bring about

good mixing of the reaction mixture in the cooling

region 85.

EXAMPLES

In a reaction arrangement corresponding to Figure 8
with a loop reactor 26, HCN and acetone were reacted at
10°C in the presence of diethylamine as a catalyst. The

reaction conditions are shown in the table below.



the vol une of the cooling region of the cooler based on the total internal
vol ume of the cool er being greater than the volunme of the cooling el enent
or of the at least two cooling elenents of the cooler. 2.Process according
to daim1l, wherein at |east sone of the reaction mxture flows in a cooler
flow direction different fromthe main flow direction at |east during the
cooling. 3.Process according to Claim?2, wherein the cooler flow direction
is obtained by deflecting the reaction m xture. 4.Process according to

Cl aim 3, whereinthe deflection is effected by a deflecting neans provided in
the cooler or connected to the cooler. 5.Process according to Caim

4, whereinthe deflecting neans is an injecting elenent or a baffle el enent
or both. 6. Progesslaccorldrngit o C depsdoor 5, wheidena t heConversion

cooling region conditions time in the of ACH
85 relative to heat
outer volume exchanger
of cooling 212
elements 83
1. 1 : 1.7 No flow 0.2 h 75%
resistances
213
2. 1 : 1.7 Flow 0.3 81%
resistances
213
3. 1 : 0.7 No flow 0.5 h 83%
resistances
213
4. 1 : 0.7 Flow 0.6 87%
resistances

213



deflecting neans is provided in the cooling region.

58 -

7. Process

according to one of the preceding clains, wherein the cooling elenent is an
el ongat ed hol | ow body which can be flowed through by coolant. 5 8. Process
according to Claim7, wherein the cooling el enent has a rod-shaped or

pl at e- shaped confi gurati on.

the 10 cooling elenent is a tube bundl e.

- 53 -

Reference numeral list

Ul D W N

30
40
50
50a
60
70
80
90
100
21
22
23
24
25
26
27
28
29
210
211
212
213
214
215
216
217
218
219
220

Plant system
Sulphuric acid line

Further sulphuric acid line
Spent sulphuric acid line - ester
Spent sulphuric acid line - acid
Methacrylic acid line
Acetone cyanohydrin preparation
Acetone cyanohydrin workup
Amidation

Esterification

Hydrolysis

Prepurification

Fine purification

Further processing plant
Finishing

Sulphuric acid plant
Acetone vessel

Hydrocyanic acid vessel
Scrubbing tower

Cooling elements

Offgas lines

Loop reactor

Acetone feed

Hydrocyanic acid feed

Pump

Catalyst feed

Mixer

Heat exchanger

Flow resistance

Cooling lines

Heat exchanger

Collecting vessel

Nozzle

Cooling circuit

Heat exchanger

Outlet

9. Process according to Caim7 or 8, wherein



10. Process according to one of the preceding clains, wherein the residence
time of the reaction mxture in the cooler is in a range of about 0.1 to
about 2 h. 15 11. Process for preparing an al kyl nethacrylate, conprising
as steps a.preparing an acetone cyanohydrin by a process according to one
of the preceding clains; 20 b.contacting the acetone 'cyanohydrin with an
inorganic acid to obtain a nethacrylam de; c. contacting the nethacryl am de
with an al cohol to obtain an al kyl nethacryl ate; d. optionally
purifying the al kyl nethacryl ate. 54

221 Stabilizing 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 exchanger
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

54" Further tank heater
55 Alcohol line



L hand

25 12. Process for preparing nethacryl c¢ acid, conprising as steps:

a) preparing an acetone cyanohydrin by a process according to one of O ains
1 to 10; 30 O)contacting the acetone cyanohydrin with an inorganic acid to
obtain a methacrylam de; 7)reacting the methacrylam de with water to give

met hacrylic acid. 35 13. Apparatus for preparing al kyl nethacryl ates,
conprising, connected to one another in fluid-conducting form a plant

el enent for preparing acetone cyanohydrin,
- 55 -

56 Ester vapour line

57 Column bottom

58 Column

59 Spent acid line

510 Tank unit

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 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



- 59 - followed by; a plant elenment for preparing nethacrylam de, followed
by; a plant elenent for preparing alkyl nethacrylate, optionally followed
by; a plant elenment for purifying the al kyl nethacrylate, optionally
foll owed by; a plant element for polynerization, optionally followed by;
a plant part for finishing, the plant elenment for preparing acetone
cyanohydrin conprising a | oop reactor with a cooler, the cooler conprising
a cooling region which can be fl owed through and a cooling el enment. 14.
Apparatus according to C aim 13, wherei set he cool er has a defl ecting neans.

79 Stabilizer metering point

710 Pure ester outlet

711 Additional heat exchanger

712 Other heat exchanger

713 Molecular sieve vessel

714 Molecular sieve packings

715 Ultrapure ester outlet

716 High boiler line

717 Reduced-pressure generator

81 Injecting element

82 Coolant outlet

83 Cooling element

84 Product outlet

85 Cooling region

86 Main flow direction

87 Cooling flow direction

88 Reaction mixture outlet

89 Cooler wall



15. Apparatus according to Caim1l4, wherein the deflecting neans is an
injecting elenent or a baffle elenent. 16. Apparatus according to Caim13
or 14, wherein the deflecting neans is provided in the cooling region. 17.
Appar atus according to one of Clains 13 to 16, wherein the cooling el enent
s an el ongated hol |l ow body which can be flowed through by coolant. 18.
Appar atus according to Caim1l7, wherein the cooling elenent has rod-shaped
or plate-shaped cooling regions. 19. Apparatus according to Caim17 or

18, wherein the cooling elenent is a tube bundle. 20. Apparatus according
to one of Clainms 13 to 19, wherein the volunme of the cooling region of the
cooler - 60 - based on the total volung of the cooler is greater than the
vol ume of the cordimg el ement or of the cooling elements of the cooler. 21
Process according to Claim1l, which is effected in an apparatus accordi ng

to one of Cains 13 to 20.
1. Process for preparing acetone cyanohydrin,

comprising as steps:

A. contacting acetone and hydrocyanic acid in a
reactor to give a reaction mixture, the
reaction wmixture being circulated, to obtain
acetone cyanohydrin;

B. cooling at least some of the reaction mixture
by flowing it through a cooling region of a
cooler, the cooler including one cooling
element or at least two cooling elements;

C. discharging at least a portion of the acetone
cyanohydrin obtained from the reactor,

the volume of the cooling region of the cooler based on
the total internal volume of the cooler being greater
than the volume of the cooling element or of the at

least two cooling elements of the cooler.

2. Process according to Claim 1, wherein at least
some of the reaction mixture flows in a cooler flow
direction different from the main flow direction at

least during the cooling.

3. Process according to Claim 2, wherein the cooler
flow direction is obtained by deflecting the reaction

mixture.

4, Process according to Claim 3, wherein the
deflection is effected by a deflecting means provided

in the cooler or connected to the cooler.

5. Process according to Claim 4, wherein the
deflecting means is an injecting element or a baffle

element or both.

6. Process according to Claim 4 or 5, wherein the
deflecting means is provided in the cooling region.
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22. A process for preparing polynmers based at |east partly on al kyl

nmet hacryl ates, conprising the steps of: a) preparing an al kyl nethacryl ate
by a process according to Claim11 or 21; b) polynerizing the al kyl

met hacryl ate and optionally a conmonomer; c¢) working up the al kyl

met hacryl ate. 23. Process according to C aim 22, wherein the

pol yneri zati oni sef f ect edbyfree-radi cal polynerization. 24. Use of an alkyl
nmet hacryl ate obtai nabl e by a process according to Claim1l or 21 or of a
met hacrylic acid obtainable by a processgaccording to Claim214 in fibres,
films, coatings, noul ding conpositions,

7. Process according to one of the preceding claims,
wherein the cooling element is an elongated hollow body

which can be flowed through by coolant.

8. Process according to Claim 7, wherein the cooling

element has a rod-shaped or plate-shaped configuration.

9. Process according to Claim 7 or 8, wherein the

10 cooling element is a tube bundle.

10. Process according to one of the preceding claims,
wherein the residence time of the reaction mixture in

the cooler is in a range of about 0.1 to about 2 h.

15
11. Process for preparing an alkyl methacrylate,
comprising as steps
a. preparing an acetone cyanohydrin by a process
according to one of the preceding claims;
20 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;
d. optionally purifying the alkyl methacrylate.
25
12. Process for preparing methacrylic acid, comprising
as steps:
a) preparing an acetone cyanohydrin by a process
according to one of Claims 1 to 10;
30 B) contacting the acetone cyanohydrin with an

inorganic acid to obtain a methacrylamide;
Y) reacting the methacrylamide with water to give

methacrylic acid.

35 13. Apparatus for preparing alkyl methacrylates,
comprising, connected to one another in fluid-

conducting form:
- a plant element for preparing acetone cyanohydrin,



moul di ngs, paper maki ngauxi liaries, | eather auxiliaries, flocculants and

drilling additives. 25. Fibres, filns, coatings, noul ding conpositions,
noul di ngs, papermaki ng auxiliaries, |leather auxiliaries, flocculants and
drilling additives which are based on an al kyl nethacryl ate obtai nabl e by a

process according to Caim11 or 21 or on a nmethacrylic acid obtainable
according to C aim 13.

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 part for finishing,

the plant element for preparing acetone cyanohydrin

compriging a loop reactor with a cooler, the cocler

comprising a cooling region which can be flowed through

and a cooling element.

14. Apparatus according to Claim 13, wherein the

cooler has a deflecting means.

15. Apparatus according to Claim 14, wherein the

deflecting means is an injecting element or a baffle

element.

16. Apparatus according to Claim 13 or 14, wherein the

deflecting means is provided in the cooling region.

17. Apparatugs according to one of Claims 13 to 16,
wherein the cooling element is an elongated hollow body

which can be flowed through by coolant.

18. Apparatus according to Claim 17, wherein the
cooling element has rod-shaped or plate-shaped cooling

regions.

19. Apparatus according to Claim 17 or 18, wherein the

cooling element is a tube bundle.

20. Apparatus according to one of Claims 13 to 19,

wherein the volume of the cooling region of the cooler
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based on the total volume of the cooler is greater than

the volume of the cooling element or of the cooling

elements of the cooler.

21. Process according to Claim 11, which is effected

in an apparatus according to one of Claims 13 to 20.

22. A process for preparing polymers based at least

partly on alkyl methacrylates, comprising the steps of:

a) preparing an alkyl methacrylate by a process
according to Claim 11 or 21;

b) polymerizing the alkyl methacrylate and optionally

a comonomer;

c) working up the alkyl methacrylate.

23. Process according to Claim 22, wherein the
polymerization is effected by free-radical
polymerization.

24. Use of an alkyl methacrylate obtainable by a
process according to Claim 11 or 21 or of a methacrylic
acid obtainable by a process according to Claim 14 in
fibres, films, coatings, moulding compositions,
mouldings, papermaking auxiliaries, leather

auxiliaries, flocculants and drilling additives.

25. 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 11 or 21 or on a methacrylic

acid obtainable according to Claim 13.



