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plastics, such that the acetone cyanohydrin starting
material is also required in increasingly greater
amounts. Acetone cyanchydrin 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 wvery 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
yields with minimum reactant  concentrations, an
additional factor here 1is the safety interest that,
with the acetone cyanohydrin as the product of this

reaction, a minimum amount of. hydrocyanic acid as the
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relates to a process for preparing acetone .
cyanomedra nfusshpti sthipds efepdie 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 c¢laims, the subclaims dependent
thereon constituting preferred embodiments of the

present invention.



A. contacting acetone and hydrocyanic acid in a

reactor to give a reaction mxture, the reaction
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least two cooling elements of the cooler.

The reaction mixture can be circulated preferably in a
so-called loop reactor, in which the 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, Thowever,
possible that, as well asgs the circuit of the loop
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
400 m’/h. The flow of the reaction mixture through the

cooling region may on the one hand be within the same



af orenenti oned rate ranges. Mreover, it my be
preferred for the cooling region to be flowed through
within a range of about 10 to 50 tines, preferably in
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is normally determ ned by subtracting the vol une of

the cooling elenent provided in the cooling region or
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| @F M@hration which is known to those skilled 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 wmedium 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 ccooler 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
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the main flow direction within the cooler during the
cooling. It ig also possible in accordance with the
invention that at least one part-stream, preferably at
least 10% by wvolume, 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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accordance with the invention that the cooler flow
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in accordarnce with the invention are injecting
elements, stirring elements or baffle elements, or a

combination of at least two thereof.

Useful injecting elements include all devices which are
suitable to those skilled in the art and inject the
reaction mixture. These may distribute the reaction
mixture within the cooling region firstly by virtue of
the pressure of the reaction mixture as passive jets
and secondly by virtue of active Jjets or similar
devices. Useful stirring means are likewise all
stirrers which are known to those skilled in the art.
and appear to be suitable, such as paddle stirrers or
screw stirrers. Useful baffle elements are in principle
also all suitable devices known to those skilled in the
art. These are in particular £flat internals such as
plates, which are known, for exémple, from static

‘mixers for mixing and distribution. It 1is preferred
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fyrther relates to a process for reparing’ an
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i nvention; b. contacting the acetone cyanohydrin W th

an inorganic acid to obtain a nethacryl am de; c.
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mixture in the cooler is selected such that a minimum
level of by-products are formed at maximum conversions
to 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.  opticnally purifying the alkyl methacrylate.
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present invention relates to a process for preparing
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el ement for purifying the alkyl nethacrylate,

omhaﬂp&égeﬁ@|hﬁwgﬂtﬁbn fd%ﬂﬂéynrgiggggttkprar jSpparatus

rization, optio fol |l owed by;
par f orP¥ TR EHI %, Fﬁgyglanﬂ“%ﬂQﬁﬁﬁﬁ 1tts pr epapipgising,

acenoee teganohydei Anothepr isi FJudd-eepdueacher rerih a
cool er, the cooler conprising a cooling region which

can be flowed through and a cooling el enent.
C%Hﬁec$§@5Q$Wltﬂmﬂemﬁmmmt|agd1tmonammyn3renatbe to an

5858PELGANt EXELhat 2853 Liqui nd g £
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ofohfieceonfefoph: of the cooling

- a plant element for preparing acetone cyanchydrin,
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-liquid 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



region and also of the cooling elenent or of the

cooling elenents, reference is nade to the remarks on

WO 2008/ 071463 PCT/ EP2007/ 059092 - 9 this subject in
this text. It is also preferred in accordance with the

i Meerdasy 0tihe3 t he process accordi ng t orptirgEPRUENYDER052
for preparing an alkyl nethacrylate is effected in an

i nventive apparatus. The present invention also

rq}lﬁtse%dﬁﬁe%boriqp%g OCrr‘raexth}?'r eparing polyners based at

| east partly on al acryl ates, conprising the
steps of: Al) preparing an al kyl nethacrylate by a

pPIIaCcess a@ggoEwéﬁéﬂaédfﬁhia&eak&aﬂéeA%ﬁﬂ%ﬂwmﬁfEﬁbEHtion
acrylate and qptionally _a copononer;

the al kyl. net
ASPfor 167y RF STRESI KPECRERREET IR ¢, tser tRvention  for
cprepeneny i aal udekslll ebthheselwliechiar eckfewbedt 0in an

QQﬁgnﬁggglg%giQaEQ% art and appear to be suitable,
5 .

t
particular eérence being given to free-radically
pol yneri zabl e nononers. Anpong these, nention should be

mede | H-PaLhi CUbRref 3 YEeRE At acryl ale o oo for
acrylonitrile, _methyl acrylate or ethyl acrylgte.
PBEGREFIL2St | BRIYBRYBe PaFESr neH aseastol Berbhy bead,alkyl

efukbBhoRy0RtEHS PEBRLOR sRALY FBEI ZakLENcror el se as a
bggﬁppolgnerLzatlon. T ol yner i s worked up, for

e | BEEBGT peci pit affi f M RASHRIEGHE cSpr i%i nrocess
pol yneactcordingnsol yrat ihoenthenpol ynmer as a

p i pj FOE _ex l e, pol r.c ri sing aceton
AT e s St 24ng BER, Syl el e P Sy

preci pitaewandmed; preci pi tant conposed of nethanol and
W B, wSERBRG! & Eﬁ@”éiﬁ§lp%89hgb£9?%tépd dried. In

addition, the invention telates to e use of an
ul trapure al kyl nethacryl ate obtai nabl e by the process

a@@@f@iHGOh@nbh@rbniﬁﬁﬂuaﬁiflﬁi$ﬁe§ho§é|Wﬁicﬁoéwéﬂkhown
noul di n

nDuIE'n co i tians, S aper maki n ,

AUk TREPF e8Il daEher Uk 195 i FPBCCHI ARt Searpitable,
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 1in 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 uge of an
ultrapure alkyl methacrylate obtainable by the process
according to the invention in fibres, films, c¢oatings,
moulding compositions, mouldings, papermaking

auxiliaries, leather auxiliaries, flocculants and
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additives as preferred chem cal products. In addition,
the invention relates to fibres, filns, coatings,
noul di ng conposi ti ons, noul di ngs, paper nmaki ng
auei kpasiezl4beat her auxiliaries, floccBGEAEPZHI/059092
drilling additives as pr ef_eriﬁd_chem' cal products
which are based on a pure nethacrylic ester _
OBLaLBAbLEaRY 148 Br BEESSrREGOLALAYCL® bhsalp¥gNti on.
Vari ous process elenents and plant parts w il be
illustrated hereinafter, which can in principle be
conbizmt twidrh t BRepriosaitit idvertiagesndie/i dunl-ky, ort obns,
an _ensenble of _two or nore ,%f. t he process elenents .
neNtFonatd: PRYUSEIEICESEROS 1R b Iye AP HHEH I
tdexpiogesssel emerdishidpr eseaentxad iwirtikisn t hélpcesgattsextand
are.compin i he _p i_nventi u :
i1 E5ER hatt bl b b r e o SR EhddiRles Iicn
ester bastdnenhac pyriec reting oty 14 cpresdeys dhyaigiadpa img the
neibasty! Lec86hdngHOVRVRE 1 hireabouhd al so be pointed
out that advantageous effects can usually al so be
achi eved when the subject matter of the present
Iwgmbugn ?Scﬁ&égb iéflé&ﬁﬂtlsn amat hexlahitel partonlwill be
copbi ned_w one, of _.the process el ements present
hk L.JSH%B%ﬁaatﬁ%ﬁejo?ag%%ﬂ)new%i‘/% ohVd?ti nFn Q%ll%ClpePe be
prockessed| edeht thac gty anohgdtioni $ndpregarédybypr as
C WNn_Rr o, S ( f np. | ngynay,
nllzi[gllz_ o%ea [ ge d8? t%%ﬁn%?chéﬁ?&wec?nf e,% thbggg?tgjlgon, Snts
Ve RRorgd. FABqUREMNS yeasaR, r actiEait sPasadvansaggeeforigien
aide Ny dhee¥aNica cafeids Theed8acdd Ofi £ 81 AN theX PRYHLC text
reaction, In_order tQ counteract,6 deconposition of th'ieh
L OREMEYRRBN YA N 5 IREETRIE hiBVSRBARE| SHOM e Hedthey
ofré e@@i‘db@ﬁléﬁis dy@r£al | Yo efioved abypraceds t @blre preparing
apparatus.. The .reacti.on can.be_conducted |n rincipl.e.
SSoEehar O SOt Gs S BoRE MUORECCPTBOEER: Rirdin g
coat hacoysipr ecdsls | Bopeetrrread, sheuld 2008/ 0pe4a8 inted
BQJEEH%QQZ/Q§§Q§E£aQEOuS effects can usually 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 1is
prepared by commonly known processes (see, for example,
Ullmann’ s Enzyklopidie der technischen Chemie, 4th
BEdition, Volume 7). Frequently, the reactants used are
acetone and hydrocyanic acid. The vreaction is 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 batch process or as a continuous

process; when a continucus process ig preferred, the



- 11 reaction is frequently perfornmed in a | oop

reactor which is fitted out appropriately. A main
feature of a nethod leading to the desired product in
qggh %ields is often that the reaction roduct is

D1 2808081463 cient reaction time and i/ HEERGT/Hp 9092
equilibriumis shifted in thg direction of the

reaction product. In addition, the reaction product is

f Fefeendhy f&hﬁﬁﬁghuaﬂﬂlymwp@nﬁb@@@hatenstabildapr temctor
dvant e %the overal | gkgig in order to
1

ﬁ?%%% lSd s???o%p?ro?ﬁe course of the later

wor kup to give the starting materials. The m xing of

the acet one and hydrocyani o ac d lea%@.‘ﬁ nEé C@E‘e Iq'?ies:.red

principle be e fected In essentially
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Waste air cont ai Acétone” and
rngO@@ﬂmmtagtldfcahethusrbél waﬁddcte@ ofrgierexanpirevent

5§§% d i o es rﬂﬂérﬁ¥ﬁ§§§|of ket RE reer YRS tWRfive

s attache reservol r vessel, the waste
difre eslerph Hep frdRe¥HRLS reservoir vessel can be
scrubbed with acetone, which renobves hydrocyanic acid
fromthe waste ajr and recycl es |t nt the ﬁﬁocess

Fote t hREXpifposy, bRe eREMYOEE s ﬂ5°5 BAt of2cid
ated eteent Nt eaducied pronciphe rheseéf/f)a:crte/tisssal dosteonttiel 1y
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cool er, “Int
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producfs to (5\00 duced, it may be advantageous
1R F et ¢ heS ot e 2008/ 071463 PCT/ EP2007/ 059092
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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 1s 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 coocler, into the top of the scrubbing tower and

the desired result 1s thus achieved.

Depending on the size of the amount of end products to

be produced, it may be advantageous to feed the acetone



to the reaction fromnore than just one reservoir

vessel. In this context, it is possible for each of

the two or nore reservoir vessels to bear a
correspondi n scrubbi ng tower. However, it i n }mxg
cHQe30 §6971853nt when only one of the r%ﬁ;rﬁRﬁQO7 0550392
vessels is equipped with a ¢eorrespondi ng scrubbi ng
tower. In this case, it is, however, often advi sable
foe cons espordlingh limaes whireh epaductuwastenai rregurvoir

CEROEL o BnFBugh CORCE" Cvodbol: P T BIgh 1) £=cn of the
scwabbirngndmeresdheoci enpesatelse o6 bheracetemer¢spanking
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rary e provi ed t hat e acetone IS
|$qt|f-ycseete T hen Lpen6pr Pht & Hee Ry S Y/ &L vﬁésels is

te arqikh tahecof%d&%:[n esselivbSng tower. In this
ad@gn géeous however about§0 to abg?t 20C. In th

SEREBDI ﬁE; tlemehowewerac&f&ﬁe PSR S b BT g e RO Ang
cDohed hMlHHaBSndﬁcanw&BI&EOI@fJJxata&ld:Q:(ﬁrertrafrmpomD(&m{ﬁtmne
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ofethel acet ohecoghenily &ntobbhrgstewbbi ng t ower |s
therefore preferably, for exanple, about 2 to about

6C. The hydrocyanic acid required in the reactiqn can
bEhe | RENBEGBEHTENOS (e raRREVPS el BhERS FESEGYOG YoMdy 11

fﬂé‘:@pié’r e | twifin f ah eé@ﬁ'@h@lamﬁyﬂﬂﬂﬁlgﬁérf/r Ofange,
rocess or fromthe Andrueiﬁy/proce The

the
e bRARE ChaRE dEREaR TP bR et BT Spte @y the
ex@pfbprbatéhe uémpeﬁaummxapprdpﬁaateempekengrbrlnen the

I nst ead of i ed hydr d,

et EaTo kv L JE B LR ARSENG RS RO co
caolkomy 2V e@. gases, after scrubbing MAth pot ash, are
scrubbed. continuously in countercurrent with acetone

whi ch contains 100 water, and the reaction to give WD
2D08EDT 1563 UPCEPEPATEID59DYR acelgneugegndor scrubbing

CY@nolysidd Cap hfefsrigd omh idpphspopigsenceoier, for
example by means of a plate cooler, with brine to a
temperature of about 0 to about 10°C. The temperature
of the acetone on entry inte 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 liquid or in
gaseous form. It may, for example, be crude gas £from

the BMA procesgs or from the Andrussow process.

The hydrogen eyanide 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 c¢yanide-containing
coking oven gases, after scrubbing with potash, are
scrubbed continuously in countercurrent with acetone

which contains 10% water, and the reaction to give



of a basic catalyst in two gas scrubbi ng col ums
connected in series. In a further enbodi nent, a gas
m xture conprising hydrogen cyanide and inert gases,
especially a crude gas fromthe BMA process or

e 208 (R5b4P brocess, can be reacted\qu{3¥%&Qiﬁ§g%P92

the presence of a basic catad yst and acetone
cyanohydrin in a gas-liquid reactor. In the process
d@@@iél’@@dciﬁﬁﬁ@hy@feﬁebaﬁcead Scpit s teut Ushnghe BMEsence

or _an sow crude gas._ The S, m xt ur
gul?l FromTh q%ﬁ%@eﬁgﬁtﬁﬂ%eds%ﬁ%téﬁaryﬁbpr c§§§§?n5
fmmnmmexﬁmii@ dwydregen cyani de can be used as such or
after an acid scrubbing. The crude gas fromthe BMA

process, in which essentially hydrocyanic acid and
i r o@erfla‘-’r‘@@ﬂbr ftbddigRet hahe 3R AHAOHEE  CoWREIfsing

E%F’élﬁ%ﬁéﬂ/ %%a%of%l@y é[x@ch U'i?llet "%lgeg 1. @%dae 1\é£l| llgﬂea ofcrude

vol ume of NH3, voI 1. 7%
(RS v%r%etla% B PFﬁCFﬁE Qﬁovﬁﬁ% f§s rﬁﬁ&&éwrocess
hy:ghi o5y apkacaetid want \aaieeform eirf Otrhimdpfégmlnet béine amdsic

BRI TG Ul O e

0X used as t
sm&amtprcontalns typically 8% by vol une of HCN 2296by
vol ume of H20, 46.5-0. by volune of N2, 15'- by vol une
of H2, 5 %by volune of CO 2.5-06 by vol une of NH3
il BheupTeFars s wathe®f nerg  afF o enffenld given to

o3¢ 4- Fpubbedasr ude g.% aﬁomﬁ&@s@w wm3gaer The
Andr ussow process_i s used tg nia present
C

G GEUFG eFoeht Fyndc &8s QUFEETEGP P sty
@%ﬂﬁééﬁ&sSI@Eepf@paﬁﬁn@nhgdpbgsnntyanlﬂbecamuﬁe gaed as

frequent | ds_th d I

Dt (FETET orh Fohn COTRPRiEastBe srugl A 2 che
&NAl puseds$ or ist albiilaly aaepwtm ahtﬁdud@ygasm §~01d and
g{#%br%e?g biect ed heasa% qnéi‘?ﬁéi@' R8ai AmRcd8k ,t @ontains

anmmoni a therefrom Wen such an

deipl sk bbb TF Jee ‘g%ﬂsumm oD e 714638% by volume of Ha,
RCHFPROOT/N5902%¢ - Ni4, i1S1usesy wblugmet heh N,, 1.7% by
rlrecglelfrr?earybfhovc\e}{\ie.r’ Itr? ag ea known Andrussow progcess,
hydrocyanic acid and water are formed from methane and
ammonia and atmospheric oxygen. The crude gas of the
Andrussow procegs, when oxygen 1is used as the oxygen
source, contains typically 8% by volume of HCN, 22% by
volume of H,0, 46.5% by volume of N, 15% by volume of
Hz, 5% by volume of CO, 2.5% by volume of NH; and 0.5%

by volume each of CH, and COs.

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 c<rude 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 1s often
subjected to an acid scrubbing in order to eliminate

ammonia therefrom. When such an acid-scrubbed crude gas



sui tabl e basic catalyst to the reactor in a catalytic
anount. In principle, known inorganic or organic basic
compounds may function as the catalyst. Hydrogen

cyanide in gaseous or in liquid form or a gas

Xt 2R @8 LBTAAESi ng hydrogen cyani de, an&@CH/ERPERS Ta(l069092
fed continually to a loop reggtor in the continuous

node. In this case, the | oop reactor conprises at
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conpri ses at ea one
afizgcearst aaddni mmgtappamat m@reorsucwh) meanmar eand at

%%Wdﬂ&%e%ﬂ&arﬂfjsﬁ%%dl% tablg pumms are in

principle all punps which are swtabl e for ensuring
the circulation of the reaction mxture in the |oop
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nobi | e el enents,.and so-cal | ed st
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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, ©r 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 wmixers, suitable examples are



significant restrictions in the functioning.

Appropriate m xers may consi st of plastic or netal.

Sui tabl e plastics are, for exanple, PVC, PP, HDPE

PVDF, PVA or PTFE. Metal m xers may consist, for
HAnpd @8/ T 148 kel al | oys, zirconium tiECEAEEROQT OB9992
l'i ke. Likew se suitable are,qdar exanple, rectangul ar

m xers. The catalyst is added in the | oop reactor
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In such a case, it may be advantageous when
approprl ate m xing of acetone and catalyst is ensured
before feeding into the |oop reactor. Appropriate
Mbe ngacanyee ff eedéad figy thRamsIaP 6@/a‘t:‘hfél’u§€e§1er§bly
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Alternatively to the addition of the catalyét into the
loop reactor downstream of the pump and upstream of a
" mixing apparatus, it is also possibie 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 is 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



Correspondi ng anal ysis can be effected, for exanple,

by sanpling in the reactor |oop. Suitable analysis

net hods are, for exanple, pH measurenent, neasurenent

of the exothern1C|ty or neasurenent of th

cHRpo9°8/ 871683t he reaction mixture by %@Ff%@#%ﬁ7/059092

spectroscopi c processes. Especially wthin the

context of conversion nmonitoring, quality aspects and
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the.convarsion [p the teaglion. moxture ui g lhe Dealsser
Soved T rom t her éaction n1x ur & “2and™ts c6 nﬁ%r% ?? b4

Wﬁnhomﬁerheatmwnnmhzesyneﬁdaéedseﬁheoret|calIy In the

case of suitable selection of the |oop reactor, the

actual reaction can in principle be effected wi t hi n

tﬁ@rF§§§0§@éP€n§ﬂ&ﬂW§ﬁ§e&amthﬁrﬁﬁﬂﬁ9Q%ﬁn)ﬁQ%uﬁ%ﬁmple by

Slsﬁﬁ@lhh [@AGHO e RV Eloop S BXOEAET N £na 1 0f dREthods
-avo yi el d | oss, suff|C|ent cool i ng and

st?rFFrcu eF‘@-WB\Jrﬁlf FH { FEREZETEP Er e BT O THRUF dOfe The
eaxuthdrmﬁbltga$rfmmyﬂﬂuémemme@ffouedcbmpbeltlon of the
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exchanger, pre
exchanger. Depending on the anount of product to be

pEQ%H@@Qllyh%l%ﬂﬁﬂc%ﬂé‘Hbﬁyéx5“5¥‘Hgﬂ@gf%fgﬁumonltorlng,

exc er tan be selected differentl For iIndustria

s@HPé1proceyeats heat e@Hnger éthdﬁ%gbeﬁnvoﬁ%ﬁéi of© be

ahguEul0 te abotdrdOndB HHe p@rohw@ﬂsabnham been Fuek on
i sui tabl e bundle heat

to.b arti,cul arl . _Th
BLREHER & LG R r CPBPBRCOEPD o TG uTe
wandh taveandaire Hundiethl owee theeduglwhlyh |iguitkleased

| ] t flowed through by Iiquid. Depending
M%E?hge?ﬁgggg§aneter, packi ng density, etc., the heat
transfer between the two |iquids can be adjusted

apRr QAL *QleY .o ol SePOBSI BLeLPi BRI BE RIE '1%0;1 hfeactor
process described to conduct the reaction to

2008/ 871483 PEFFEP2DOPADS IO PTIRF iR e &% ﬁf?eﬁctterﬁﬂe within

renéet i Pibd Xd ek @Q&%gjeeﬁ thrtedah thbe head reactor.
e change% in thﬁ tube_bundl e itself and_the Leactkpn e
t 3kBE® pFaBe “RATHMA™ hBOVEEE hurd @X%Eﬁ]?rﬁ‘é& 11 order to

av01d yield 1loss, 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 procegses, 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 bundie flowed through by
liquid within a jacket flowed through by liquid.
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 c¢onduct the reaction to the



bei ng renoved fromthe tube bundle into the jacket
liquid. However, it has |ikew se been found to be
practicable and in nany cases to be viable to conduct
the reaction mxture through the jacket of the heat
e¥ehanR§ero7hAbBe the |iquid used for cRFTARPIR07/059092
circulated within the tube bundle. It has in many

cases been found to be advantageous when the reaction
MeXFUEE itha® Sthé bubadtivnt hidkdiie | askeondy:creanstivfough

fLow resi,stances refergbly deflecti plate to
| aléﬁ?e\}"?a& h‘?’@ﬂé?‘ﬁg?gsilalen%ée tF ea%ﬂ‘rk‘f&get e?tﬁ‘?if ngid the
Theacaion ahkeackelacol wirehin tthe volhsrebofdlibe tohlee heat

endi t Si f ot rea r,.
BoihS T E AR, Be' Rebto s | Ao atRE: g et
ptéfilerdbly greater than the volume of the tube bundle
(based on the contents of the tubes). The heat renoval

fromthe reactor is adjusted with an _appropriate
COBYARET - f Bt é%?e‘r’np%kﬁﬁ"%ﬁewé’(eﬁﬁ g t hat Pep racticable
r £Agt &ﬁnmtzagpeia@telg ecd sod vhaple @gr bioﬁll@.ﬁlg(ﬁf t&%ggeac?&ton
t 0, about i rti.cul ar aho t 9 about in,
RiEPRHE FREuaR BB5 Sokah, B e, Bt v e
comt i Adowslkdy tsed tthe |ooplingadsorcifdhel pratiuetithas ahe
t r W thin .ab Nt d ti
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axchenger §heeSB%%'k%|t| y kﬁy AE2NS Obrong 19k, Ny iR es,
heat _exchangerS._ For, exXanple, brine cooling is used.
TS tehpRtat urel bpcthid ngaEEFfaf ter GGHFENG sRoulfgher
biee @bdetic® tmdOfhdibetparthixiag. 1 to about 5C. The
product is preferably transferred into a storage

vessel which has a buffer WO 2008/ 071463

PCT¢ EP200%/ @89092ckd8 vibdmok dme theaddiltuinen,of hehe tube

5L Ay ﬁ@%t hgeﬂeﬂfﬂﬂ o‘ﬁlescsff‘é §abi be geokgd TULLReL, e
for examoa ) y® constantly renmoving a part-stream '

faRit heOst otggebardsskl 18 o Rheuitodbime rfat tekchaser, 1s
fFe €3HWI£ §Oclter than the volume of the tube bundle

(based on the contents of the tubes).

The heat removal from the reactor is adjusted with an
appropriate coolant, for example with water, such that
the reaction temperature is within a corridor of about
25 to about 45°C, in particular about 30 to about 38°C,

in particular about 33 to about 35°C.

A product 1is removed continuously from the Iloop
reactor. The product has a temperature within the
abovementioned reaction temperatures, for example a
temperature of about 350C. The product is cooled by
means of one or more heat exchangers, especially by
means of one or more 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



pl ate heat exchanger, or kept at a suitable storage
tenperature. It is entirely possible that conti nued
reaction can take place in the storage vessel. The
product can be recycled into the storage vessel in

alip WaP8I/A73k6ACI pl e. However, it has beRBAT/BRAGOTH0HB092
advant ageous in sone cases_tggt_the product is

recycled by neans of a system conposed of one or nore

nQéﬁhQ&onJnthIhﬁdQEQE@ﬁe vessel psdalicthalin the storage
correspondi ng mi xi ng éhe stored product takes

pVEEESW t Tt h&Sst o?%‘@%e Ehegrodut?Ti s SFidple, by
remn%edntogtlmumushmgfran1ph6tsbetaga vessel that osaorage
stabilization yesse The odu i s _adpixed._ther
o EREE e ot S83ERRn of B SRtflender M PBECHHIENE o &
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”\:éin%é[e%aﬁ:ﬁr@ pF&ef P@Olgént]ut&f %H)tss%bl' N tHQE“EHﬁ@inued
abou A'suitabl e acid is 1 ticular sulphuric
a&Pactigp 6§§nﬁﬁées@ﬂaﬁ§rﬂé 5@ﬁdsﬁgﬁﬁﬁ@ ¥eSE6ht-ent of
about 90 to about 1050% in particular of about 93 to
ut 98 % H2SO4. . The stabjlized product is withdra ,

PR PREUEaniat AT BRCURLed THRE LS eARF (TRePeL in
t hay payi fircairionigtlbge. Hdwgpoet | oht ohashdestalfidurgedco be
p dr. n re l e

PRaTE agPbid i Ron e SR Bl A S o TR, B, { e 2ea
obyt heangeseel ai sSyEisan edobyorednoiofore spst gipre nozzles
COAPOS&d0f QNG é”v@@é@lneééhe%ha%jéd¥¥é%ﬁbﬂdhﬁ§ mixing

further process elenent whi ch can be used
cBANECtS oRTAFER HEOPIEseh2k RV EHEGN, WéE%%%néhWDStorage
2088871463 PCT/ EP2007/ 059092 - 19 cyanohydrin which
has been obtained in a preceding stage, for exanple
fromthe reaction of acetone with hydrocyanic acid,

i Bredbfectied 2bsa dbmbhbhakku&inMnuaMy Themstthls | ¢ zedage
C@QQ? ?Ceiﬁﬁg Gya %f%dfﬁcmfr%%%s% |0%%Q°'%ﬂ88gft is

cons uent s by neans o correspon |ng col
safmaped dﬂ@triel | giton aprogdeable acid, fo

H.80:. This deactivates the catalyst and adjusts the

r example with

reaction mixture to a pH of about 1 to about 3, in
particular about 2., A suitable acid is in particular
sulphuric acid, for example sulphuric acid having a
content of about 90 to about 105%, in particular of
about 93 to about 98% H,30..

The stabilized product is withdrawn from the
stabilization vessel and transferred into the
purification stage. A portion of the stabilized product
withdrawn c¢an bhe recycled, for example, into the
stabilization vessel such that sufficient mixing of the
vegsel is ensured by means of a system composed of one

Or more nozzles.

ACH workup

In a further process element which can be used in

connection with the present invention, acetone



can be conducted, for exanple, by neans of only one
colum. However, it is |likew se possible, in an
appropriate purification of crude acetone cyanohydri n,
to use a conbination of two or nore distillation
cHPuAPE8/ 87 38680nmbi ned with a falling-fiBGH/ERA BT 092
In addition, two or nore faligng-filmevaporators or
el se two or nore distillation colums nay be conbi ned
}M:i@n@ﬁ?dﬁﬂﬂt hemch henhzs ugﬁaaclelb@maiemanomndra N ©OBsding
Lomthe storag the distillati enerally with a
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direct Yy INnto t eco wever, It oun
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C etone_cyvanohydrin i heat ans of .
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doet opee cyanohymivimet sopurdd | eldrvcby aff stidrteat ichirethd lation
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an 10 trays, neans of a batter nor e

c%?r@@ﬁéﬁapﬁg S abire BPEE| [Fodiies o imevaTREators o

Ol sMt wBOllroMidSe haaked 1peef ehaklon uMndh wdeame Idonttbised
bee f ound tﬁ%be advant ageous when the bottom

rAUrdCdYes: not exceed a tenperature of 140G
good yi el ds and good purification have been achieved

. h
G G BoLd oL RS, o e 0L BOEELETAR AT o
ddtean @:etbhk@mm 2e08ra11463iRET/EPREOFE059092 of ZAPpout
o theawalik ﬁ%ﬁﬁ?raﬁﬂfengmgmg colyum ol gm dReapout s

crude acetone anohydrin fed to tthe col um body
i%P t habapper 1t0r?|cr d ofnt herdsrdmi e, Thehf st FERERI oftGedone

ReFH R Qfaﬁ'ial@éYlﬁﬂggauéédU@@Qe@EE?SL‘Jh@o the columr.
preferably, ak pressure qg abo%} 50 %9 about 900

ﬁﬂﬂequr it has been foun e useful 1n 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 botfom temperature
does not exceed a temperature of 140°C; good yields and
good purification have been achieved when the bottom
temperature is not greater than about 130°C or not

higher than about 110°C. The temperature data are based



particul ar about 50 to about 250 nbar and with good

results between 50 to about 150 nbar. At the top of

the col unm, gaseous inpurities, especially acetone

-and h&droc%anlc acid, are renoved, the renpved

J5Red02849bktGhces are cool ed by neans GICT/FF@ 0059092

exchanger or a battery of 1wpyor nore heat

exchangers. Preference is given here to using brine

cogl thg walh vehpepetatalr €f of nabodiufntiscabont 10C.

This gives the gaseous constituents of the vapours the

opportunity to condense. The first condensation stage

ﬂﬁ&etakedglacetomercgaanbyériatistéﬁdam@ phes syrlagimn body
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be a vant eous i n sone cases en this fir
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psef ef alhye Sdutdie HF esiie WHeh ff evaidu: | bddebar, in
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FRF BHCULRT | 80Ny YRsd aRAUECI 1REIERAY hard afigh good
t 1 eDET 8¢ U wedn abmuto CaboutabDmd wibdd:. i n particul ar at
about 5 to about 10C. The gaseous conpounds whi ch do

not condense in the first condensation step are
ﬂ@nov$MEfrommpheOfedutbd podssur,e chasbews by imwanst tgfes,
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Shber o T sER T BBSRs Y Posa bl ORI RE et WBpours ene
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bout '15C" Constituents whi ch condense
A | ikedSseBEiect RASFROLRe 286! 1INt i BReVedsund to

W chaalkeadyeeakl eclis t @@m@ond@@§@é es wekinai nedignderirst
vacuum condi tions. The condens 0 erfornmed.on _the

condensation stage is e ecte und r reduced pressure,
preferably at the pressure which prevails in the
distillation. The condensate is passed on into a cooled
collecting vessel and collected there at a temperature
of about 0 to about 1i5°C, in particular at about 5 to

about 10°C.

The gaseous compounds which do not condense in the
first condensation step are removed from the reduced
pressure chamber by means of a vacuum pump. In
principle, any vacuum pump can be used here. However,
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 1is therefore given here, for

example, to using dry-running vacuum pumps.

The gas stream which escapes on the pressure side of



pressure side of the vacuum punp can be effected, for
exanpl e, by a heat exchanger, but also wth a battery

of two or nore heat exchangers arranged in series in
paral | el . Gaseous substances remmining after this
CBAd2ASAY PPRLEBep are renoved and sent tRETAEPAANIARFS092
utilization, for exanple a thermal utilization. The
col l ected concentrates may |ikew se be utilized

f gpEhetmas idesddittcddevieroud9r a€¢0ReRLE NMRATONScchdnger
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<f:on %93 t4<91%1 %t%ﬁ:ou&f Ogetjl?é{v%ge ?18 dst tUd o 8GBLO ¥ rther
cyanohydrin fte means exchanger .
Supsbyzent ¢y, foe @caemh@ @y@h@m@llnmtlhl@@bi@@l to a
tenperature of about 30 to about 35C by neans of at

| east one further heat exchanger and optionally stored

i TR Rk aaisd AANESNtER 0RO 2008/ o¥ipdise be utilized
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condensates may in principle have any composition

provided that they do not disrupt the preparation of
the acetone cyanohydrin. In many cases, a predominant
amount of the condensate will, however, consist of
acetone and hydrocyvanic acid, for example in a molar
ratio of about 2:1 to about 1:2, freguently in a ratio

of about 1:31.

The acetone cyanchydrin cbtained from the bottom of the
distillation column is first cooled to a temperature of
about 40 to about 80°C by the cold crude acetone
cyanohydrin fed in by means of a first heat exchanger.
Subsequéntly,' the acetone cyanohydrin 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



those skilled in the art by a reaction between
concentrated sul phuric acid and acetone cyanohydri n.

The reaction is exotherm c, which neans that heat of
reaction i s advantageously renoved fromthe system

e 3@@L9BHHere too can again be perf SCHEEPRR0F /059092
bat chwi se process or in caontysiuous processes. The

| atter has been found to be advantageous in nany

cases. fulhaBrt ke d-Rast idrrichiesd or feguent By CpRbiyABBHS in
pr.ocess use of | oo re%%gprs has been found to
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poi nts for concentrated sul phuric acid, one or nore
gas separators, one or nore heat exchangers and one
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fred ot igin He perveadigupousshyparsmares iframeheamidten. it

is possible in principle to achieve a rapid and

conpr ehensi,ve renoval of the heat of_ reaction with
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%&tc&md angeirocdimever, id naynsistobe processes. The
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system can secondly no | onger be

reaction 1s performed in battery of two or more loop

reactors.

In the process described, a suitable loop reactor has
one or more feed points for acetone cyanohydrin, omne 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

means.

The hydrolysis of acetone cyanchydrin 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 1s possikble in
principle to achieve a rapid and comprehensive removal

of the heat of reaction with appropriate heat



ensured. In addition, excessively |low tenperatures in
the reaction mxture can lead to a crystallization of
constituents of the reaction mxture at the heat
exchangers. This further worsens the heat transfer, as
aWpegOPB/0671@hBch a clear yield reducti REL/HPALDT/059092
detected. In addition, the_IQQp_ react or cannot be
charged with the optiml anmounts of reactants, such

tBaknbhgeebl i abGROROf itthandy 0§§§§ puf qursedeef\éert@gleodgw to
one embodi nent of the process, ortion, gqfeferabl

abBat tt\k}@ th e} ot‘aﬁo@tretaﬁrlé’e %rg, fifggent heat

vetsfefet| ow rabguirem Fst reggrofaraaeéomacc:rmwmtl nthe
[ uced into_.a firs r eact.or. fLrst .o

Ié %nt [0 C E. l OO% mixiture
r BERForS BTy RASSne Y norEHear eXéharger &

onksesr gmerelpumpsh dad lomgnoespeEnstvgeel dientelzgullation
V\gﬁ Qng "PAHE %%m?e{?ﬂﬁéﬁgﬁs th ele#}“ﬂé&dt{& StLea B atly

Ich pass through t I rst eactor are
preTeaBRyedn t rsa#gfewdferﬁboﬁemewatlo 8650 Fp? h reaction

PegEeGAbl ¥réf ackangey Sfem 10804 0 HOULHBIh afl MUyer be
prefera Iy in a range of about 150 to 450 nB/h. In an

at*FBaSt - one further | oop reactor which follows the
flrst | oop reactor, the circulation streans are

efer in a ran e of about. 40 t ,

e S R 1 B R T
preaetaony nixurangeanf b&mﬂ.lt B0 to 3Bysyhiization of
Wéﬁgl\ffﬁﬁeﬁtgr eferr eg et eega&%&gﬁe diifherence ovehd heeat

heat exc angers 1s a partl cul ar
pREFBREGRES be?—'"hgsglfwﬁfleé AsReTS tehycheqp transfer, as

2Q08£e§h)5%ﬂ*§3 O%T/w%a%@p?/a%a@aag ¥2éarld'|'?§e@t;iﬁ£9fh€ can be
anohydrin can I e e fed into e |l oo
%E?%%‘l p%%]ff pv@? itORs HRAHO% OLﬁ?dPI}Oot be
b@h@ﬂg@ﬁ]t agﬁﬂustm/eerbphﬁnéhedimwntmt oo@ ntedagants, such
CLEEN e | SEgPEpL LU\ Daske LICAA NG L. O

Py Ke

sul phuric acid is advantageously fed i n upstream of
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|¢@thh§wo thirds to about three quarters of the volume
flow rate from a stream of acetone cyanohydrin is
introduced into a first loop reactor. A first loop
reactor preferably has one or more heat exchangers, one
oY more pumps, one oOr more mixing elements and one or
more gas separators. The circulation streams which pass
threugh the first loop reactor are preferably in the
range of about 50 to 650 m’/h, preferably in a range of
100 to 500 m’/h and more preferably in a range of about
150 to 450 m’/h. In an at least one further loop reactor
which foilows 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 w’/h and
more preferably in a range of about €0 to 350 m’/h.
Moreover, a preferred temperature difference over the
heat exchangers is about 3 to 20°C, particular

preference being given to about 2 to 7°C.



| oop reactor at any point. The ratio of the reactants
in the loop reactor is controlled such that an excess
of sulphuric acid is present. The excess of sul phuric
acid is, based on the nolar ratio of th
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reaction m xture orrespondi ng variation of the
addition of the reactants and by the generation of
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of the reaction mixture low, which can ensure a higher
removal of heat of reaction and a lower temperature of
the reaction mixture. This can entail significant yield
advantages. The temperature in the reaction mixture is
about 50 to about 120°C.

The heat removal is ensured by one or more heat
exchangers in the loop reactor. It has been found to be
advantageous when the heat exchangers have a suitable
sensor system for controliing the cocling performance
in order to prevent excessiveiy great cooling of the
reaction mixture £for the aforementioned reasons. For
example, 1t 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 cooclant itself.



method is thus to withdraw the gases forned in the
reaction fromthe reaction chanber. The gas forned is
mai nl'y carbon nonoxi de. The product withdrawn fromthe
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reaction mixture conprising28ufphuric acid and
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ther fiethacdy | agf dethe reaction in two or more loop

reactors has the advantage that, owing to the sulphuric
acid excess in the first loop reactor, the pumpability
of the reaction mixture and hence the heat transfer and
ultimately the yield are improved. In turn, at least
one mixing element, at least one heat exchanger and at
least one gas separator are arranged in the second loop
reactor. The reaction 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.



The heating is preferably perfornmed such that the

maxi mum tenperature is attained only for a m ni mum
period, for exanple for a time of about one minute to
about 30 mnutes, in particular for a tine of about

tWO 20884BBUESAEI ght or about three to abRREE/BE3R07/059092
mnutes. This can in prlnglﬁge be effected in any
apparatus for achieving such a tenperature for such a
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means of microwaves.

In various caseg, it has been found to be advantageous
"when the heating step is effected in a heat exchanger
with two-stage or multistage arrangement of tube coils
which may preferably be present in an at least double,
opposite arrangement. This heats the reaction mixture

rapidly to a temperature of about 130 to 180°C.

The heat exchanger can be combined, for example, with
one oOr more gas separators. For example, 1t is possible
to conduct the reaction mixture through a gas separator
after it 1leaves the first tube coil in the heat
exchanger. This c¢an remove, for example, gaseous
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. Tt may additionally be found to be advantageous



processi ng. However, it may be advantageous in sone
cases when the appropriate gases are conbined in a
transport line in such a way that they are optionally
pressurized either continuously or as required, for
HArA BB (A TH &Y eam pressure, and can t hB&TYEP2007/059092
transported further. Esterjfjgation A further step

whi ch constitutes a process elenment and can be used
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corresponding to the exit tenperature of the am de
TSt e hl S0 fed to the tanke, which can be
used for the esterification.

A further step which constitutes a process element and
can be used in the present invention in connection with
the process according to the invention is a hydrolysis
of wmethacrylamide to methacrylic acid and its
subsequent esterification to methacrylic esters. This
reaction can be performed in one or more heated, for
example steam-heated, tanks. However, it has in many
cases been found to be advantageous  when the
" esterification is performed in at least two successive
tanks, but, for example, also in three or four or more
successgive tanks. In this case, a solution of
methacrylamide is introduced into the tank or into the
first tank of a battery of tanks comprising two or more

tanks.

It is freguently preferred to perform a corresponding
esterification reaction with a battery of two or more
tanks. Reference will therefore be made hereinafter

exclugively to this variant.



Sui t abl e al kanol s here are in principle any al kanol s

having 1 to about 4 carbon atons, which may be |inear
or branched, saturated or unsaturated, particular

pr ef erence belng given to nethanol. These al kanols ma
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which is the case especiallyzgn_transesterifications.
The tank is also charged with water, so that there is
a total water concentration in the tank of about 13
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can be charged with water in principle such that
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process presented here, the tank is charged at Ieast
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total water concentration in the tank of about i3 to
about 26% by weight, in particular about 18 to about
20% by weight.

The amount of amide solution and of alkanol is
controlled such that a total molar ratico of amide to
alkanol of about 1:1.4 to about 1:1.6 exists. The
alkanol can be distributed over the tank batterxy such
that the molar ratio in the £irst reactor is about
1:1.1 to about 1:1.4 and, in the subsequent reaction
stages, based on the total amide stream, 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 alkancl” and alkanol from recycling streams of
the workup stages and, if required, also of recycling
streams of the downstream processes of the production

system.



conmpounds. Wien a battery of two or nore tanks is used
in the esterification reaction, the gaseous
substances forned, especially the nmethacrylic esters,

CAB b@oBYbnRguBke be drawn of f individuapdy, k050 eAedo092
tank and fed to a purification. However, it has been

found in sonme cases to be-ad¥Vantageous when, in a

battery of two or nor tanks, the, gaseous products |
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OB, BarBT CHEEY e Thy G | SSE ToRY 1 by UAHE 1o the
tavker bisedtion eachctcase, ohhehgapeecaedisnd s Haares Twermed,
n tl i e an ne. . i :
(P re AL EhE HRi R /1D SRS St Priipte pe
tdeadonedidt r andomidipftdventetmarcgch hbagh, atdesed to a

%@Hfigﬁ@idﬁpomﬁeff@%ﬂeqa mddepsae0pdub@nknal@me cases
renoved from the tank and introduced into the bottom

ok abedidstiantagssiitorign: 1n a battery of two or more

tanks, the gaseous products from the first tank are
first fed into the second reaction vessel without the
gaseous compounds from the first tank being fed
directly to a purification. This procedure offers the
advantage that the frequently high evolution of foam in
the first tank need not be counteracted by complicated
defcaming 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 1is 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



When the esterification is perforned with a battery of
three or nore tanks, the overflow of the second tank

is transferred in each case into a third tank, and

the overflow of the third tank, if appropriate, into
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héhet ekEhahgereolprnhas been found to be useful in

some cases when the nethacrylic ester is cool ed by
means of WO 2008/ 071463 PCT/ EP2007/ 059092
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possi ble, for exanple, first to undertake a cooling

byhereaaponfst Wacaping 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 €0 to
about 120°C, for example about 70 to about 9%0°C, when
methancl is used. In the distillation c¢olumn, 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
is drawn off at the top of the column and cooled by
meang 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 cocled by means of



wat er - cool ed heat exchangers connected in series and
then to achieve a further cooling by neans of an

appropriate brine-cool ed heat exchanger. For exanpl e,
in the grocess presented here, the net hacr)[vﬁli);c ester
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can then be transferred into a separate brine-cooled
heat exchanger. The condensate 1in this brine-cooled
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 is then cooled in a water-cooled or brine-
cooled heat exchanger to a temperature of less 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 1is then transferred to a phase
separator. Here, the organic phase. (methacrylic ester)
is separated from the aquecus phase. The agqueous phase

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



conprises a mxture of water and organi c conpounds,
especially al kanol, can in turn in principle be used
further as desired. However, it is advantageous for
econoni c reasons to recycle this aqueous phase back
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In plants for preparing methacrylic acid or methacrylic
esters, polymerization often takes place when
methacrylic acid or methacrylic ester firstly have a
low filow rate, so that local c¢alm zones can form, in
which contact lasting over a long period Dbetween
methacrylic acid or methacrylic ester and a
polymerization initiator can be established, which can

subseguently 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 is minimized.

Furthermore, it may be advantageous to admix the stream



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

net hacrylic ester drawn off there. Furthernore, it
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with a solution of stabilizer in methacrylic ester. For
example, some of the condensate obtained in the heat
exchangers, together with a suitable stabilizer, is
fecycled into the top of the distillation column such
that the c¢olumn top, on its interior, is sprayed
constantly with stabilized methacrylic ester or
stabilized methacrylic acid. This is preferably done in
such a way that no calm zones can form in the top of
the column, at which there is a risk of polymerization
of methacrylic acid or methacrylic ester. The heat
exchangers themselves may correspondingly likewise be
charged with a stabilized solution of methacrylic acid
or methacrylic ester in such a way that no calm zones

can form here either.

It has also been found to be advantageous 1in the

process presented here when, for example, the offgases



to a further treatnment. The esterification results in

di lute sul phuric acid as the renmai ning residua

subst ance, which can |ikew se be sent to a further
utilization. Prepurification of the ester or of the
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100 to about 600 nbar. The pressure within the col um

in the case of the acid is preferably about 40 to
ahoutheS@&uﬂﬁﬂs Breshatedp lofrde hetbel wyuhjadie matter of
ttﬁyyé bg&%%@a C%éﬁéﬁ[‘%}{ Sca‘f’xr & T &IONEd . dd PARL iHRIotion

may, or exa
with a process for prepurlfylng methacrylic acid or

methacrylic ester, as described in the process element
which follows, For instance, in principle, crude
methacrylic acid or a crude methacrylic ester can be
subjected to a further purification in order to arrive
at a very pure product. Such a purification which
constitutes a further process element can, for example,
be 1in one stage. However, 1t has been found to be
advantageous in many cases when such a purification
comprises at least two stages, in which case the low-
boiling constituents of the product are removed in a
first prepurification as described here. To this end,
crude methacrylic ester or crude methacrylic acid is
transferred first into a distillation ceolumn in which
the low-boiling constituents and water can be removed.
To this end, the crude methacrylic ester is sent to a
distillation column, in which case the addition is

performed, for instance, in the upper half of the



et her, acetone and nethyl formate. The vapours are

then condensed by neans of one or nore heat

exchangers. For exanple, it has been found to be

useful in sonme cases first to performa condensation
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connected in series. Howeverscit is equally possible

to use only one heat exchanger at this point. The

ht@@%uﬁﬁchw_ rao@ﬁﬁﬁpnﬁﬁ@ﬂf@bl ¥ sopeeated v\iidftl'ﬁnsﬂééfnghtfor

state to increase the rate and in__order to -

SFEYERLE: bt SRRl FoRa8t Chpsr Fodary RTEREature of about

psef ercenad&dut NY2gP¢enid o satitisdvdhg Mhel nonrweicangon is
d e h r-.CO ;

R e R

athei pelusnoindtheatrasgchkhdndgére ashey tig Prgimyrably about

PSS Bbe 410, 1C08H8s Chpar batrher Yo sdu¥: Ofi FRES the column
bri ne-cool ed heat exchangers ‘downstream_ 1In the

biRt BRG 6RSReqf tBRCRSAGers RURLSFabdur Soqud 40 to about
conglefised, provided with stabilizer and, for exanple,
fed to a phase separator. Since the vapours may al so
contain water, any aqueous phase which occurs is
dispobedtob arf sem tolamhur ther lowt-iHaiZdmicomon&tituents
EXRP ngLea.DQESE@f%f fggv.tﬁgéé'ﬁ lo%oksexample, be
recycling rntoan“esterification reaction, for

exelnpt e apebonn abtenprhyat foamasgct THE VAPRES [F&eén then

deschdReds aBoVReahl UH rdSEr hBBcAULBRUSXIMRRZR S For
preferably recycled into the first esterjfication

t I Hhe LEnBREd RganfeuPRase ke ferphisl 1 &P §oEntRses
tffré@ptgﬂpé9@§&&;bAQ&ngHdﬁﬁﬁﬁﬂlB§9ﬂ92ns-o36twﬁ Wif?r-
col u one O e Oorganic S can I n.turn .

el Rk ShrhiErtHathEaRBRn, I At et "ot ue
afs t hguedlymposSiiide tthe neaoved yorgahi bephasgchenger at

Al ermmbind b Giah Ll

PIEES JOLD) offe PEER-AEREERQM] abeh Brdiiianty! dperated
for mani owfoidal srzoneso Serorrilse the drleyenetof apRe 10

stabid i 2680 DELNOS: abewt FyurhheiosuRRY eseheNopbrih®hases,
pol yeri zat’i on tendency of the_vapours renoyed. The |
@ steda® 0Bt ¥PRed D r SMCEHELRGat "X ERFAgerSE EAng -

Connected downstream of the water-cooled heat exchanger
or the water-cooled heat exchangers may be a brine-
cocled heat exchanger, but it is also possible to
connect a battery of two or more brine-cooled heat
exchangers downstream. In the battery of heat
exchangers, the vapours are condensed, provided with
stabilizer and, for example, fed to a phase separator.
Since the vapours may also contain water, any agqueous
phase which occurs is disposed of or sent te a further
utilization. An example of a possible further
utilization is recycling into an esterification
reaction, for example into an esterification reaction
as has been described above. In this case, the aguecus
phase is preferably recycled into the first

esterification tank.

The removed organic phase is fed as reflux into the top



is additionally preferably adm xed with dem neralized
water in such a way that sufficient separating action
can be achieved in the phase separator. The gaseous
conmpounds which remain after the condensation in
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net 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 lies, 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 mwethacrylic 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.



to the systemin the prepurification. The aqueous

phase separated out in the phase separator typically
has a content of organic constituents. It rray
therefore be advantageous to feed this water
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In addition, a possibly expensive disposal of the water
contaminated with organic substances 1is thus often

avoided.

Fine purification of the methacrylic ester

For the fine purification of the methacrylic ester, the
crude prepurified methacrylic ester 1is subjected to
another distillation. This frees the crude methacrylic
ester of its high-boiling constituents with the aid of
a distillation column to obtain a pure 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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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 toe 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. Ancther degign measure may be
that, in the internal regions of the column, especially
those which c¢ome intc contact with the methacrylic
esters, less than about 50%, preferably less than about
25% and more preferably less than about 10% of all

surfaces, egpecially of column internals, run



evaporation. It nmay be advantageous in this context
that the anmount of liquid in the colum bottom nmakes
up in the range of about 0.1 to 151 and preferably
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The material obtained in the column bottom 1is
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



by neans of water-cool ed heat exchangers or by neans
of brine-cool ed heat exchangers or by neans of a
conmbi nation of the two. It has been found to be useful
in sone cases when the vapours fromthe distillation
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introduced into a collecting vessel and sent to a
buffer wvessel by means of a pump wvia a further heat
exchanger or a battery of two or more further heat
exchangers. The 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 1s recycled into the distillation column wvia 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,



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
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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 o©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.



preparation process, can thus be renoved in a sinple
manner fromthe product stream It has additionally

been found to be useful in sone cases when the product
stream after passing through the adsorptive
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filters in order to renove_ ajy solids present in the
product. The streans obtained in the workup conprise
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aslvbgabt e, for exanple, in a further process el enent,

to subject the consunmed sul phuric acid obtained in

the process to a purification in order to
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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 up the vapours

stemming from the distillation column.

The product obtained in the purification stage 1is
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




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 coo
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It has been found to be advaj4 ageous in sone cases
when <corrosion is prevented in the heat exchangers
and the cooling action is inproved further by
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the heat exchangers in such a way that the tops of the
heat exchangersl are sprayed with this mixture. 1In
addition to the corrogsion-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.



solids can settle out in these vessels, it is
advant ageous to renove them when the particul ar
flotation vessel is not being used. The aforenentioned

will now be illustrated in detail wth reference to
o1 20698/ gL46 2w ngs and exanpl es. The PSEHERRO0F /059092
drawi ngs show. Fig. 1. a pl system for preparing
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Since

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



converted to further organic conmpounds. The further
processing plant or the further processing plants 80
is/are followed by a finishing 90. Wen the further
processi ng products are polyners of nethacr£llc aci
dfo Qﬂﬁqﬁﬁﬁiaﬁ% esters, especially methfCT/ P2°°7/°59092
met hacryl ate, they are procgssed further to give
fibres, noulding conpositions, especially granul es,
fiddws, pak-abscatraghonmbj | @ rpant Skadh ottlmer é@&éﬂ) n@eubguy
surtagle equ ngnt such_as trud bIo .
net BRIt 60 ot S Ao TS CSH rier BFesen
(ﬂhﬁ;pumbtémtei/ﬁmreImaB@dthﬁenobthenpﬁanansyeteﬁnt it a

I i d
qﬁﬂ%ﬁ%ﬁiﬁ?ro&@??iﬁ% éﬁgpﬁgiﬁgrgﬁgeéﬁﬁ f&k 1%90ce%%1ng
kl;eléemﬁt abléd fgmalhice purigose Ptaéfttlh-‘ell@e‘r so@oémelre@artﬁon

N B e CanlS&dlcddrPr EREI Bha-cHRef esnegi &S r@a@eﬂo&s
thi's context, for exanple, to the in Chapter

g9 f £hej po lymasiFali el PEFRGEPES - PRRBATS r %‘waia ed° can
(Bmtrph:epaiaéaft $ref er enge DogsinemacmoBest #Aval i blrganic
Techni ques f t he Manufacture ofb Vol unme b
FRAGATE Cham T al=e ARSHONAS aSRHT TS, ¢ B ser S20 be
atraienaidde tica £hethEur opeaanOomigspamdshe T plurither
1 conn e e h
el Aty Whibfe CANERLo Ot e bR oAk 1 Flants o0
pﬁebaﬁatiethWEds]@ﬂpel|@@n%ﬁhhngcdﬁbenWhaﬂedjﬁa further
?@dﬂ@géfh§uﬂfbdﬂét§ié%%p?&iyﬁe§§'QflmeghaaryW@Eegﬁﬁﬁaor

further “sul phuric acid Tine exi sts. between
SRRAEEL igCi EHet: 1005BREI-hEY anP8EEY on m&éharﬁéflate

egx eagul phbtesoed d Mlahael eor egive abibredpentoulding
Aci d"

fromthe esterification 50 (hydrolysis 50a) i
CPIRAH TR o REEGAN o SRPI e 100 8, - SLabs.

200RhFH463 REIYEP20874059092r - Wdildingughby he shiitadble

ri ac h | ;
N R T e
mrzlee:ttqul "t ddgvek upasth e d Ispienssshudiies agpd  the

qanche eff %.chﬁ.%lérpr @K@ ﬁn‘@s sYesehl bﬁd ibhN m cases
02/ 23088 Al or .. In genera the g
hi

SBT3 u?EéIPFPBFﬁ:t r?éﬂnﬂat B}3aF s 1QRi ok of

all sulphuric acid plants which appear to be suitable

ant

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 £f. in
“Integrated Pollution Prevention and Control - Draft
Reference Document on Best Avalible Techniques for the
Manufacture of Large Volume Inorganic Chemicals -
Bmonia Acids and Fertelizers” obtainable wvia the
European Commission. The sulphuric acid plant 10 1is
connected to a series of other plants. For instance,
the acetone cyanthdrin 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



famliar to those skilled in the art and appear to be
suitable for the particular stresses. Usually, the
material is stainless steel which nmust in particular
have exceptional acid resistance. The regions of the
AR OGP THEEF e operated with sul phuri A EFR297 /059092
especially with concentrated;sul phuric acid are
additionally lined and protected with ceramc
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In the acetone c¢yanchydrin preparation 20 shown in
Figure 2, the acetone is provided in an acetone vessel
21 and the hydrocyanic acid in a hydrocyanic acid
vessel 22. The acetone vessel 21 has a scrubbing tower
23 which, in its upper region, has one or more cooling
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 acetcne feed 27 and the hydrocyanic
acid via the hydrocyanic acid feed 28 downstream of the
hydrocyanic acid £feed 28 1s disposed a pump 29,
followed in turn by a catalyst feed 210 which is
followed by a static mixer 211. This is followed by a
heat exchanger 212 which has a series of flow
resistances 213 and at least one cooling line 214. In

the loop reactor 26, the reaction mixture consisting of



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
oW0a20884P7RA468i rcuit 218 with a heat exRFBAMRIOPINS59092
whi ch keeps the reaction prgduct firstly in notion

and secondly cool. Via an outlet 220 which foll ows
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connected via lines to a cooling vessel 312 to which
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heated. A vapour feed 32 1is connected to the heat
exchanger 31 and opens out 1in the upper region,
preferably the top region, of a column 33. The column
33 hag 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 1is
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 wvia lines to a cooling vessel 312 to
which a recycle line 313 is connected and is connected

to the 1loop reactor 26 in the acetone cyanohydrin



acetone cyanohydrin feed 41 and a sul phuric acid feed
42 whi ch open into a |loop reactor 43. The acetone
cyanohydrin feed 41 connected to the acetone
c anohydrin workup 30 opens into the circuit of th

P20 @BLBF4EB downst ream of a punp 44%?@(5?&&@429@19092
of a m xer 45. Upstream of 4dis punp 44, the
sul phuric acid feed 42 opens out. The mxer 45 is
fiotdoaesh i slownst r eam 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
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tank 53 and 54 with al cohol
Figure 5 shows the esterification 50, in which a

solvent line 51 which conducts water and organic
sclvent, 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 alcchel line 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 comnnected
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’ toc is connected
‘to the alcoheol 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 357
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 & dotted ellipse



line 55 and ester vapour line 56. It is possible for
one, two or nore of such tank units to followin
battery | i ke succession, each of these tank units 510

ngoggzae?&gﬁ via the ester vapour "%ﬁ/%ﬂz%ot%swsz

bott om e colum 58. Fromthe bottom57 of
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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
constituentg insoluble in the spent acid. From the
flotation vessel 5192, a spent ag¢id outlet 520 enters
the sulphuric acid plant 100, and a low boiler vapour
line 522 which conducts the low-beoiling constituents,
for further workup and recycling, enters the

esterification.

The ester workup shown in Figure 6 is connected to the
esterification 50 wvia 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 Ilowexr



- 50 region of the colum 62 which constitutes the
bottomof this colum, an ester outlet 65 exits,

opens into the ester fine purification 70 and hence
feeds the crude ester freed of Iow boilers to the
A2 PR /4TE83Ion. In the upper regi onPSIT/ERGOEFV/IMI092
62, usually in the top, a fdyst heat exchanger 66 is
connected via an outlet, as are one further heat
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recycle line 77 upstream of a m xer 78. Secondly, from
the line of the further heat exchanger 76, a pure

dat eF198iel 31 7202 e TEST APUADEItt | Bhal S HEBPIRE c Hdiger the
bk andyorkup 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 wvapour 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
cclumn 71. The ester recycle line 77 has a stabilizer
metering point 79 which 1is disposed in the ester
recycle line 77 upstream of a mixer 78. Secondly, from
the line of the further heat exchanger 76, a pure ester
outlet 710 exits. An additional heat exchanger 711 and

another heat exchanger 712 are connected to this in



anot her heat exchanger 712 are connected to this in WO
2008/ 071463 PCT/ EP2007/ 059092 - 51 series
connection. These are followed by a nol ecul ar sieve

vessel 713 which has nol ecul ar sieve packings 71
PP 20@8/¢UttH2r by the nol ecul ar sieveFQ P2°°7/°59°92
ultrapure ester is transferred through the ultrapure

ester outl et connected to the nol ecul ar si eve vesse
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arrangement corresponding to_Figure 8

rigzait oF1gBreHBN Bt addtonBOWENg Facted a?OC’]le)@Sl gFegion
thenpsesance 18f  @iret hibagene agsed catalyséatdhe 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 helow.



reaction conditions are shown in the table below WO
2008/ 071463 PCT/ EP2007/ 059092 - 52 Exanple Vol une of
Reacti on Resi dence Conversion cooling region

conditions tinme in the of ACH 85 relative to hea

HR &00%[At &cchanger  of cool ing 212 Pé:lréﬁ‘@ﬁp§7é§5?°92
11.7 No flow 0.2 h 75% resj-stances 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%

R Sinsteancesiumélds WO 20084421463 PCT/#elR2088e059092nversion
53 Ref er encgliéngurmriat | tstditder? ant tsipst @mtRe Sulgfh&®H c
acid |ine83 #irthesr tsul phuric acid Ies& 4 Spent

sul phuri co’a"ceirdvﬂ% ester 5 Spentex§E}F?ﬂﬁj‘r| c acid

line - acP ol hacrylic acid |ine’20 Acetone
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- Prepurification 70 Fingpurification

2. 1 : 1.7 Flow 0.3 Bi%
resistances
213

3. 1 i 0.7 No flow ¢.5 h 83%
regigtances
213

4. 1 : 0.7 Flow 0.6 87%
resistances

213



80 Further processing plant 90 Finishing 100
Sul phuric acid plant 21 Acetone vessel 22 Hydrocyanic
acid vessel 23 Scrubbing tower 24 Cboling el enent s

nes 26 Loop reactor 27 Ace
iﬁﬁﬁ%%%gﬁ%c acid feed 29 Punp 210 Cata % g7%§ffo92

M xer 212 Heat exchanger -2E3 FIOM/reS|stance 214
Cooling lines 215 Heat exchanger 216 Collecting
Fesfastence) pugszAle 18 Cooling circuit 219 Heat
exchanger 220 CQutlet WO 2008/ 071463 PCT/ EP2007/ 059092
- 54 221 Stabilizing vessel 222 Sul phuric acid feed
223 ORY%EE F¥YHER exchanger 32 Vapour feed 33

ol ummﬂﬂah?aqlﬁ rgS B5 i@ um bottom with heat

xcha &%% lﬁg%fns out :97 Pure product |line 38
Fop S et a Hidr
Spent sulphuric acid line - ester
5 Spent sulphuric acid line - acid
6 Methacrylic acid line
20 Acetone cyanchydrin preparation
30 Acetone cyanohydrin workup
40 Amidation
50 Esterification
50a Hydrolysis
60 Prepurification
70 Fine purification
80 Further processing plant
90 Finishing
100 Sulphuric acid plant
21 Acetone vessel
22 Hydrocyanic acid vessel
23 Scrubbing tower
24 Cooling elements
25 Offgas lines
26 Loop reactor
27 Acetone feed
28 Hydrocyanic acid feed

29 Pump
210 Catalyst feed
211 Mixer

212 Heat exchanger
213 Flow resistance
214 Cooling lines

215 Heat exchanger
216 Collecting vessel
217 Nozzle

218 Cooling circuit
219 Heat exchanger
220 outlet



310 Vacuum punp 311 Heat exchanger 312 Cooling
vessel 313 Recycle line 41 Acetone cyanohydrin feed
42 Sul phuric acid feed 43 Loop reactor 44 Punp 45

M xer 46 Heat exchanger 47 Gas separator 48 Gas

o | 20000 TFReEl 410 Further | oop react or PCTVEERSET /HABR 092
Heat exchanger 413 Gas sep tor 414 Gas outlet 415
Anide line 51 Solvent line Amide line 53 First

t 5 i r 53" Further tank 54’

i heét{%%§$%%€§§@§§%fN cohol |ine WD 2008/ 071463
2 EFPobTresopopcid Bmeds5e Ester vapour |line 57
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1. Process for preparing acetone cyanohydrin,
cofpri Stagihszer epstepNingop®akti ng acet one and

hygds ocyapk Ceg8ekfl biicBerreactor to give a reaction
m xture, the reaction mxture being circulated, to

obthi rPAGdteional chambhsRrhanaer cooling at | east some
of 12 heotieagtheat n@x&:m@g?by fl (r)]WI ng :t thr Olugg_ a

c [ n cool er, the cool er including one
cgg%iE%O{ ?%ﬂ%ﬁtsb?v%tv?%%%} two cooling elenents; C
de&haM@laguharlﬁﬁﬁteap@@kim@ﬂ of the acetone

fgohgfg %pgpéaéQ@%¥f5§@1é@e reactor, the volune of

e cool 1ng region cool er based on the total
|ﬁl@rnﬁighd¢@h%e@fl¥%% cool er being greater than the

V@iwrea@&ué@@ ?@é’éé%%@ﬂi@ﬁét@f of the at |east two
cooling elenents of the cooler. 2. Process according

t A at P ASE PR r et FSRE | east some of the reaction
r@xtur@oéi£WB ¢mtfetooler flow direction different

f%%n1 g?l OM/dlrectlon at least during the

cool i %Wo ais accordlng to Caim?2, wherein the
dbblerPrddumtcmei@ton i s obtained by deflecting the
r§§Ctlégbling region

86 Main flow direction

87 Cooling flow direction

88 Reaction mixture outlet

89 Cooler wall



m xture. 4. Process according to Caim3, wherein the
deflection is effected by a deflecting neans provided
in the cooler or connected to the cooler. 5. Process
according to Claim4, wherein the deflecting neans is
an injecting element or a baffle element or both. 6.

Ri®CL56s AELL€ Nng to Claim4 or 5, wher @or/EMR007/059092
defl ecting nmeans is provided in the cooling region. WO
2008/ 071463 PCT/ EP2007/ 059092’ = 58 7. Process
qggording to one of the preceding clains, wherein the
coottRY el ement is an el ongated hol | ow body which ean
be fl owed through by coolant. 8. Process according to

aim ein e cqal.i nEl ementchas ar, TﬁhﬁQﬁg )
gi'pla%%?s %%ed g%%fig%?&??%ﬁéﬁ 9. Process aé%%%ding "
too@puimzgors8stah@rein the cooling elenment is a

tube bpndh&nrd0¢ i RE0GRES: AELORAENhI@rOPEaRict BRid in a
preceding clainms, “wherein the residence tine of the
reacti on HEXEHPE i O t h81¥Bol & i%ﬁ??F%P?anﬁ%XgFrgboutthe
... to .. reS€E0BHS . middurd Wwedcesschierupaepdri ngoambtain
al kyl methacryl ate C r.sing as steps a. preparing
an aceton%cgééﬁ8h§gﬁpﬂﬁggrénprocess accordi ng to one
of theBprecelling @tai hsasb. sovat axfh | Pget eagseronanixture

cyanohydr | o i por ganl Cid LQnPbhai N1 £
nmet hacryl ia{\{}n #el; cﬁ{%oﬁgact [ ng&clﬂﬁe.arret hacr y?am%el%lt ﬁ , *
an al cohobopderpbt dilte ancaPRer methaedddnd e; oge  cooling

optional | ¥1ppEhEYbRIathecakkykwBeEBBCEEakeeméBLsA
process for preparing nethacrylic acid, ¢

, , ogprisiqg as
st eps: Cpr Bp&FNAGIZATadEt ohe2eyaRoRAlri 1Py Ch friscedsstone
accor di ngeyanenedef nCodiasnddt 6rdh); thentaeticng,t he

acet one.cyano ygﬂin wi t-h _an _inor ' ci d£9 Pb%QQQd

atﬁﬁt NRLHPEamtad S SR it lr?er?%)gc%/ arﬁgoe Vi t on

waher taradi venternal 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 frxrom 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 coocler.

5. Process according to Ciaim 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.



met hacrylic acid. 13. Apparatus for preparing alkyl

nmet hacryl ates, conprising, connected to one anot her

in fluid- conducting form a plant elenent for

preparing acetone cyanohydrin, WO 2008/ 071463

PCT/ EP2007/ 059092 - 59 followed by; - a plant
ekeneobsfer1pPsepari ng met hacryl am de, fradd /@yed d7y,059092
a plant elenment for prepariqg al kyl met hacryl ate,

optionally followed by, - a ¥ ant el enent for
purifying the alkyl nethacrylate, optionally followed
by, - a plant elenment for polynerization, optionally

f'ol | onedobyss - agepkdatngpdct Jot @fnt@hlﬁgecﬁ@éqmzﬂﬁalms
e&ﬁ@?@infQﬁepEseﬁﬂhggeﬁgﬁgﬁﬂe1%y%BPQMQ&b%teGQTEWEENKbOdy

oop reactor withTa cooler, the cooler conprising a
coelFhgerrgPont WAved BAROWENfPYWEECIARBugh and a
cooling el ement. 14. Apparatus according to Caim 13,
wherein the cooler .has a def]ecting ans. 1 .
Appar af 1RCSEE oPEFRGEEIQSH el lmm%ergﬁﬁr?ﬁ% The cooling
def &eeht Ngageansod sshapedj ect phgtel shaped oconf bgfifdbion.
el enent. 16. Apparatus according to Caim1l3 or 14,
wherein the deflecting neans is provided in the
cool i nBreegson.ackrKpphr &usCheéor di My t 8 .onherein the

8bTBnd 3.1 OndBr i¥herelB-thengeel ing el ement is an
el ongat&d hol | ow body which can be flowed through by

cool ant. 18. Apparatus according to Claim 17, wherein
the, coebiagseherertiihags doshapedthe phratedigperdains,

coolin ons aratu cordln to Claim17
thﬁgegﬁh§$gl %ﬁgé%%%l ﬁ@eep e |§ea TigR Bargrss im
20he Appal at uss atooadiaggéoobnebofit G ai nBo13. t 0s¢g9pnds .

11. A process for preparing an alkyl methacrylate,

comprising as steps

a. preparing an acetone c¢yanchydrin by a process
according to one of the preceding claims;

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.

12. A  process for preparing methacrylic acid,

comprising as steps:

) preparing an acetone cyanohydrin by a process
according to one of Claims 1 to 10;

) contacting the acetone cyanohydrin  with an
inorganic acid to obtain a methacrylamide;

) reacting the methacrylamide with water to give

methacrylic acid.

13, Apparatus for ©preparing alkyl wmethacrylates,
comprising, connected to one another in fluid-
conducting form:

- a plant élement for preparing acetone cyanchydrin,



wherein the volunme of the cooling region of the cooler
WD 2008/ 071463 PCT/ EP2007/ 059092 - 60 based on the
total volune of-the cooler is greater than the vol une

tﬁotggog9gbhgg3elenent or of the COO"ercé¥ﬁ¥E%H¢V6§9092

e cool er Process according to Claim11l, which
is effected in an apparatus5according to one of
Clainms 13 to 20. 22. A process for preparing pol yners
based &P1Fe¥8E PPartiy on al kyl nethacrylates,

conpri gi ng1bRe stepwmedl: ) PrERpasdiichan wdihdcrylanide,
nethacr g?t gy a process according to daim1l or

21; b) é EVng the al kyl nethacryl ate and
optionalbﬂam& coromorter fox) pwepkirngguplkiyd ahdbiiacrylate,

”EthaCB¥E?Bﬁal§§ f5598$ B&cordlng to Caim?22,

wher ei n nerlza on“is effected by
free- rédlcﬁlanbolyﬁ%¢mﬁﬁtlonf024 Preibfing altds alkyl

nethaCﬁgkﬁ&@rgpa@éna@bﬁlsﬁaﬁlypfe@§§§eacsyrdlng to
Claim1ll or or_of a net acrgp]rweamd tai nabl e

a” pr ocBssPaRebr df hghelt O & 1RO 1| Ic?%tlonglly
coatlngsllﬁwﬁﬁdbpg conp05|t|ons nmoul di ngs,

paper makj uxiliacies auxi liaries,
floccu?aﬁﬁgngnﬁaﬁ# anl% Sgés 25. Fibres, films,

cbhE|ngbantnnﬁhﬁnﬁgutoﬁpa3|prepsrlngnuad¢hg@e cyanohydrin
p Bﬁ uX ri t A Xl I S,

BEEEPELAG b |ﬁ‘3‘gCé SE Jatn AWKAdAES: phe  coolex
a@owpkyﬁlnﬁtﬁa@pyﬂaﬂ@ sBgaPRabibd chy can feoddsyed through

agrQrdi B8oi on&l @i dhddc or 21 or on a nethacrylic acid
obt ai nabl e actording to C ai m 13.

14. Apparatus according to Claim 13, wherein the

cooler has a deflecting means.

15. Apparatus according toe Claim 14, wherein the
deflecting means is an injecting element or a baffle

element.

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

deflecting means is provided in the cocling regiomn.

17. Apparatus 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



WO 2008/071463 PCT/EP2007/059092
- 60 -
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 oxr 21;

b) polymerizing the alkyl methacrylate and optionally
a COomolomer;

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 procesg according to Claim 14 in
fibresg, films, coatings, moulding compositions,
mouldings, papermaking auxiliaries, leather

auxiliaries, flocculants and drilling additives.

25. Fibres, films, coatings, wmoulding compositions,
mouldings, papermaking auxiliaries, leather
auxiliaries, flocculants and drilling additives which
are based on an alkyl wmethacrylate obtainable by a
process according to Claim 11 or 21 or on a methacrylic

acid obtainable according to Claim 13.



