10

15

20

25

30

35

WD 2008/ 071465 PCT/ EP2007/ 059105 PRODUCTI ON BY
DI STI LLATI ON OF ACETONE CYANHYDRI N AND METHOD FOR
PRODUCI NG METHACRYLI C ESTER AND SUBSEQUENT PRODUCTS 5

T‘p@ 955@%‘;} 4g§ent| on relates in gener a'PcLIe/rE’ﬁotog/%smos

process for preparing acetone cyanohydrin

process for preparing an al kyl nethacryl ate, to a
process for preparing nethacrylic acid, to an
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partly on alkyl nethacrylates, to the use of

al kyl methacryl ates obt ARMIES r om t he process

according to the invention in chem cal products, and
chem cal products, based on the alk met hacr%l ates
Qi REGFE Dy tRESRF boRsS&s 3 tas aeeor%%yrr?gr%lo EREMs to a
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oreeer sn0 mhtbhcayélof @rcelai si gai flaaanCQppS@rataus for
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ons anﬁ%/ gkky rezr¥ t of e |ncre§§?n% rls%eé?%gghe
ﬁ@&ﬁr%%s@wrﬁol é@tﬁ%’% afucHeasdt Piretddet e alkyl

1a’tesé ar tbn:hdmat,gei abr i ghal Sé)l}E}eHUhéeﬂabBylates
| ncr easi gg y reat er 25 anounts. rin

Acet one cy oh ,
YP ERGnBrECeSEr GRS aﬁ%l gngﬁﬂtlon

acetaimma]elmsoducam Acatdneo ahdmlngdlopyaawtsabtased on

di ti |1 Lhed,. inte i |nDD 30 273
S A IRR e BlcBBRar s AL Tt Py Lo iOcBtdes
Qrastdidd v d dhreed iverttieorabove react i on is worked up
by two-stage or nultistage distillation. The acetone
obtained in this workup is at |east partly fed back to

7€ Tasc t FBANPBY f6ih tJH% aeét gife EPE&NCHRAY TR tangteRELIRg
%@n@wﬂé‘ﬂt@d acetase wyanodrdd b8 RIReRSSEd ifurdd®d and

LSl il Tetbacrylates o meLhaeraLic 2 0y g
which are of great significance for a number of bulk
plastics and whose demand is rising constantly as a
result of the increasing rise in the use of these bulk
plastics, such that the acetone cyanohydrin starting
material i1is also required 1in increasingly greater
amounts. Acetone cyanohydrin is obtained, for example,
from hydrocyanic acid and acetone or else from acetone

and hydrocyanic salts.

Traditionally, as described, inter alia, in DD
273 058 Al, US 4,130,580 or US 3,742,016 the acetone
cyanohydrin formed in the above reaction is worked up
by two-stage or multistage distillation. The acetone
obtained in this workup is at least partly fed back to
the reaction to form the acetone cyanohydrin, and the
purified acetone cyanohydrin is processed further to

give alkyl methacrylates or methacrylic acid.

In general terms, it was an object of the present
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invention to elimnate the di sadvantages which arise
formthe prior art at least partly or even conpletely.
In addition, it was an object of the invention to 5
provi de a process for acetone cyanohydrin or

met hacrylic acid or al kyl methacryl ate preparation,

whi ch provi des acetone cyanohydrin with good purities
: gpom cal | i.ahl.e ney. at. hi | el . 40 __ .
e A i S R
pfevindrRg BEéPBnerEyahohgdpFnraktél P5 ¢EFy sainpaprely.
for the further reactions. A further object of the
invention was tq provide an 15 apparatus w th which

acBt Tyfonydii nvagn #R  Shigsl e®finths invention to
eppoopdeal | y vipﬁd;@_egannefozwitmmhl she yi feyé}e?nc?{yah{jgh or
ur . contribution to .t sol ytion of at |east qne
b S e A hint Tt by et A et Dy Ripbaratton,
subj ekt pratticlesofaceheneatggoaopyboim nglch aboed therities
SEQCAB'@5oﬁ8ﬂ§ééiﬂ§'ﬂgabPée$§££SPt%Eb89¢HEQEé}§%.the

present 1nvention.” The invention us afso relates to
a process for 25 preparing acetone cyanohydrin,

CORPI | shidn@sSost eps: Aurepptachiaggacetoner@and ophject of
hydrocyanic acid in a reactor to give a reaction
r%&?m NG @GOG | GHERPRY AF &befthF i Aéul Be8Y, Sugtable

obbdai the afet tiner cyahebydtién; 30 B. cooling at | east

sonme of the reaction mxture, preferably by flow ng

it through a cooling region of a cooler, the cooler

iAclfudithgroneb]eool iofg Ehenmemventian | east tovoprovidagan
SIBM s 35S digg{@{in ast {.an of e

Z%:et oneéd%ya‘ﬁ]gﬁ?dri n o }tg_ai %g%?bgm ﬁ%r?g{ cé%rglﬁ 'Dc.:gﬂ be

RFRPHIRAUSIL dRBt | $FPRYNIFRL Y soHakded meeneRe with good

Cy BTl i M ghuede 0 obtain an acetone 3

cyanohydrin bottom product and an acetone top product
in adistillation columm;
A contribution to the solution of at least one of the

abovementioned objects is made by the subject matter of
the category-forming claims, the subclaims constituting

preferred embodiments of the present invention.

The invention thus also relates to a process for
preparing acetone cyanohydrin, comprising as steps:

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

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

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

D. continuously distilling the discharged acetone

cyanohydrin obtained to obtain an acetone
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E. recycling at |least a portion, preferably at | east
20% by wei ght, preferentially at least 5 50% by

wei ght and nore preferably at | east 80% by wei ght, of
the acetone top product into_step A, the acetone top
product being kept at less't Ran 60C, preferably at

| ess than SOOC, preferentially at less 10 than 40C

and nore a t d r
prefer ablgy gﬁtl s%%tlhtmtg%@ ag%ghn%?% aggefafeﬂrja PQE?ne top
t han 20C moqile@ts iha; 40€;1platerabtglurpol ed. The

af or engntioned { e[t yestar g pheteral! y pabialne t
by coolin @ﬁ%] I%meneralel not géfect ed’ beI ow 15 ?hea

mel ting ‘?‘?‘r‘t’t @fot en XC"%ﬁlgde%fe preéegratandly at least
hydr ocyans @3 agi,dweaghlie a@@wtn&cﬁeeobwf@wbly eact Qkast 80%
which is knovvntottho kllle in the art .i%

sui t abl e $HrY¢hyl pu?%oE =g PBﬁl PPpP§P§P8 cets 5GP

g| ven to Ahe performance |n a react or equi pped with a

| | Vo
SREL RBeh oo MLELEN SELA0 K HOL S, SO TpA Yo,
@Jt@‘é@rab}hég@éteheﬁ;w @htaﬁle %‘bﬁ@) oprﬁéxeefealt@@éllbfngat less

elii®nkoas aRyPasSse Prereashiondm IEHEG% bes25, and
circulated in_any manner which'is known to those

SKHITRRRE | nPrRESAPPLANG BppeadfsSst o BRI t329bpe i g more
Gére £ dyeatelf erée@ldﬁmlst byobyousiegs apflaﬁp%oate preferably
ltion, 1t e that

St | r e
rcu T|%% §%O§FF§@Fé&n§9 %ﬁpﬁﬁf L}Jﬁeofa¥%epreferably
rm]‘m mWW@lW@ hi At 30s ageeacablyl vop efifehtel bkréow

r%_tnimé)ﬂ:jhrﬂég}(t :ﬁﬁis ofld LU At ed. These neasures serve

to give t eacti'on M xture a suf Iciently |ong
residence tine in the reactor, in order that the

rreactden aﬁdaofgﬁdy& Xe hé{Qi@C)é%Bl ChacCicdrebcebd in an
acet one and [rocya Y

ni ¢ sal t e
STt iy S o REHPI £01 GRoste A e BFe afre and
IieaaSstuﬂ:mIél ﬁarofchhlq;e Aacgiere  Ryaniohyht nptedaréhee is
f ela\}:etnor tﬁf f eCt efd rtr%/a[%{cceal :]Lﬁ/ a reacfttog:r etqrhelprpeeaft o4
Xt ure corrprl he acetone
cooling element Wthh preferably works continuously.
These include 1in particular loop reactors which are
either integrated into the loop or have a cooling
element as a bypass. The reaction mixture can be
circulated in any manner which 1is known to those
skilled in the art and appears to be suitable. This can
be effected firstly by using appropriate stirrers. In
addition, it is possible that the circulation is
effected by the conduct of the reaction mixture within
a reactor 1loop in which the reaction mixture is
circulated. These measures serve to give the reaction
mixture a sufficiently long residence time in the
reactor, in order that the reaction of acetone and
hydrocyanic acid or of acetone and hydrocyanic salts

proceeds correspondingly to completion.

The discharge of at least a portion of the acetone

cyanohydrin from the reactor is effected typically
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cyanohydrin formed fromit has passed through the
cooler. It may be advantageous in this context to add
one or nore stabilizers, preferably sul phuric acid.
The 5 anmobunt of the acetone gyanohydrln to be

di scharged is guided by t he“conversion of the
reactants present in the reaction mxture to acetone

Cé(f'@gpydtg}ilg’ § Q@Bge m?%lcﬂgeef fcg g(_jLsﬂl MaxXhAUM, cetone
bR A

conver si ons. ording to the inventio
" ey iy ﬁnm&rdl aﬁmm oft sthes Dn@aﬁﬁdertﬂr@@@ht othe

negi dhat tEhes digd | éﬁ@&h@ggé§ué‘oﬁneftflﬁ%t ebhtext to add
portions but rather, as far as possible, with limted
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pehd @tk NBY ke ecatadEdsie 06?aﬂ15h9‘d¥1nprt©f G:Fe?lbdiys@haf@@@t is

7 d d f bI
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éﬂl '@Ef écE‘ ét{‘em&’iéﬁ%‘ 40 P, g I nterrupted by

naln enance ope rons or 20 by a
productlon shutdomn In addition to the continuous

dstdtdatd on {5 stepeD, ifny@my:faptherche pretentedubhs”
accordance wth the |nvent|on to performthe process

Gt b hbitisian | af aftepadt bheUBFSERECBENSC J1%ffs BRat the
vwiétllalsatsic@p 13 pertécobate@r ehepenceohei bgrgird€netr9 as

effectin e pro s;according to the invention
S | REOSRS P es! aPiTh FOTECE R PRovirer e L heeklpeion
dicst id | ptobongeh herebd ecTeils apenisd-vayl bd strilppehgone
s, T B&Ea%%?sééniéés'&efﬁr {BA [ dSnb oW BOLEEESELY at

ve a ol nt an aceto .
chearthy d?ii4h. rrrcwétlboulIJﬁg penaradf thbe| odipbilépsips is

pref eFallsedat oh@ st wREn , pref.eser |alt|h)é ateh&886n5Gn the
and nnre pr ef

ra east 10 ow t boi
St Yt PRe téﬁét&}g%ﬁ?&rﬁr{l F!‘? th &‘88 to be
di rsd & 4hadd ean, bpnlq&@n&e@ snal |marl®ft|emnb@t i@perdtiastys or
est

3 D A RIS ot DSaR AP0 I8 e
atiet toirlel agyianmo hiydr #bep oDbe iftr eey ofuttteert ove bprééesred in
é&of&é{&en&gthl Ere ”%}ﬁvgﬁtwo}lh'trb apé?‘@g%mOftl'?émBEocess
continuousgly in at least one of the other steps as well
ag step D, particular preference being given to
effecting the process according to the invention
continuously in steps A to E. Moreover, the
distillation can be effected as a so-called stripping.
This removes substances referred to as low boilers,
which have a Dboiling point lower than acetone
cyanohydrin. The boiling point of the low boilers is
preferably at least 2°C, preferentially at least 5°C
and more preferably at least 10°C below the boiling
point of the acetone cyanohydrin. In contrast to a
distillation, only a very small reflux ratio, if any at
all, 1is established in the stripping. This can be
achieved by suitably short residence times of the
acetone cyanohydrin to be freed of the low boilers. The

residence times may be within a range of about 0.01 to
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5 about 20 mnutes, preferably 0.1 to 10 m nutes,
particularly in a range of about 0.5 to about 5
mnutes and further preferably in a range of about 1
to about 2 mnutes. 5 It na% al so be preferred in
accordance with the invention that, in step E, at

| east 20% by weight, preferably at |east 30% by

V‘%x?ﬁé agq tyLEeL pregef%}%[glyat be St %O%Pé( "V‘r’n' %m:es,

acetone top S Tecyc ed |nto st
mrial:@mbwelyopnl@ pm@@c@fnalyoats@ Eofipr pbeut 5 minutes

hycli ogyapheraghdrasawekl 35 5 acghgheorl nasneral ¢ot Beout
acetone top product conprises [|eSs than 50% by

weiBhtuteF ef erably | ess than 25% by wei ght, nore
preferably less than 10% by weight, and further

preferably less than 7%0Db ght of acetone
S nahr 1 hSe n B nuRbeE Shrotacet, CPRECAERTGRe With the
cgmrmtwﬁasmnt@amteninl rstidpe EQp qotrodlaxatstofzo%ue by weight,

séfé%?f Co'an sscnogaogo %%L 1%61@ Za{q y further

even 39 addi tion
|nr¢ﬁﬁK¢hﬂxwéteﬂﬁ@$hrﬁ@hebwrmmﬁﬁhta@éommauPQQﬁQ¢% top

iwentdon that dhe digchafged acetone  eyanohudiibRel Stop
heated by the acétone cyanohydrifn bottom product.
BHYEE pPaY ePABPYy GIIRICHSR BYOYPFYaRier afhe as well as

daééﬂtﬁwedmcgéﬁa_ea@yag@ay@gjertcam ttépe pﬁ@a@@@ 85mprlses
anohydrin t.om product beij gnt act.

DYfiahr DR oBrISHE ittt hivont foe € by
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ar ed” acet one cyanohydr edinin
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the distillation colum. 35 It corresponds 0
ST JIRRMTY Serbot et L 1FEt 25 RE HeLoBhe Sometimes
ey anolpedivn Weadylion has a tenperature in a range of

about 40 to about 100C, preferably in a range 6

In addition, it may be preferred in the process
according to the invention that the discharged acetone
cyanohydrin is heated by the acetone cyanohydrin bottom
product. This is preferably effected by virtue of the
discharged acetone cyanohydrin and the acetone
cyanohydrin bottom product being in thermal contact via

a heat exchanger.

In another inventive embodiment, it is preferred that
the distillation column consists of an upper half and a
lower half, and the discharged acetone cyanohydrin is
fed in in the upper half. It may be preferred that the
feeding is effected in the lower half of the upper half

of the distillation cclumn.

It corresponds to a further inventive embodiment that
the acetone cyanohydrin fed in has a temperature in a

range of about 40 to about 100°C, preferably in a range
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of about 50 to about 80C and nore preferably in a
range of about 65 to about 70C. I n another inventive
enbodiment, it is preferred that 5 sone of the | ower
half is kept at a tenperature in a range of about 80
to about 140C, preferably Fn6a'range of about 100C to
about 130C and nmore preferably in a range of 110C to

about 12 hi s pa e preferab

Roerhatr 37 (e Rwer A $o0brErE aBry RhePe ip o
CTH g dzrfbtalmmt aﬂf.'-‘e tpr estemitt dGiGg the operation of

the colum. In another enbodi nent of the present
invention, it is preferred that the acetone

cranshythen Beriearmipicodereod I8 bas Att efpepaeifereh ghat

range oF abeut] &Rt Ohabeutlsla%t psef ar a:t&rﬁ@éfétﬁlﬂeanﬂﬁ a
of about 80 to about 115C and nore referag}1 in a

g AT it 890 tboaBBart 146CC. | RESHBFRPON, 1Pt 2nagnge
ker priedet redoP0 aeceabdanice 3oMd mrtdwemmepfef)@r&}ma}t ah a

Ieast th is_ su t t pressure in
oPEabotd "o 2 45T 2680h5ar, TREF oy aiemy 1
m&ﬁa‘emeabOMn 20tlu€® abowér 2082 hbar oAndthepr gower half,

félaa%yy | phé-Lapge Qb tbo%%& aél@éﬂ d20nt0alring
o refeted

n anot’her 1 nventive e ment erre
ttlhﬁ oReie trieu cdfd Hhre sainent s generat ed by a
dry-running punp. Useful punps in this context are

punps ich ar known to those skilled ., in the art and
éﬁbe%?gml&%e “‘EB?P%P& O 1?fFstPiSSFEB‘Ee inyengicey it 1is

e fiedi gl meRdt ande 3fcptvms, cyahahydpiist dotpimpspadduct
crol L pu further co ut|

e e R
|1§Orﬁ£de e feytocesin farrapgepal i @goah 8P kyp about 115°C

%‘Hdhar%i‘éatp%ef%%ﬂys' 5_‘19 as S1&PS° 3O dbolX €BYN I 2Bout

acet one cyano y rmn process accor di ng. to one of
tIHE 1 -e B ﬁ@déFéPﬁfE Jct eBnt BEt PG feFE st etynaccordance

wmpwlfh%ﬁ@l@@ thBer ganineaaei dHeo @&EM ﬂs subject
nmet hacryl am de; ._contacting the meth g

; %ﬂ%ﬂﬁﬁﬂlq(§ range of abdut 10 to a 5 mbar,
preferably in a range of about 20 to about 200 mbar and
more preferably in a range of about 50 to about

150 mbar.

In another inventive embodiment, it is preferred that
the reduced pressure is generated by a dry-running
pump. Useful pumps in this context are pumps which are
known to those skilled in the art and appear to be
suitable for this purpose, examples including membrane

pumps, rotary piston pumps and scroll pumps.

A further contribution to the achievement of at least

one object of the invention is made by a process for

preparing an alkyl methacrylate, comprising as steps:

b. preparing an acetone cyanohydrin by a process
according to one of the preceding claims;

C. contacting the acetone cyanohydrin  with an

inorganic acid to obtain a methacrylamide;
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obtain an al kyl nethacrylate; optionally purifying the
al kyl nmethacrylate. Another contribution to the

achi evenent of at |east one 5 object of the invention
is made by a process for preparing nethacrylic acid,
conprising as steps: (X pféggfing an acetone
cyanohydrin by a process according to the invention;

Rh ConE%ﬁEgggéhg tﬁget8%§h8¥§?gg¥gé%an]&é %§ a%go ol to

i nor gani ¢ aci acr reacti ng
t he neph&aiypl am dékwlt rmewaaeryﬂ@tgu,ve met hacrylic

a@bg1ohﬁl§?dbﬁk9ﬁylﬁgcgﬂErb@H&loﬂeEHaEQ?lQEE'evenent
at east one object of "the invention is made by

an apparatus for preparing al kyl nethacryl ates,

cmﬁpthékngone@mme&@d te ene arelikeeremt! Idf dit least one
duc 'Q% form - Iant el.ement for gre arin

Psﬁ gn&ﬂyarl%Pv o DI 1FSwedehy; P | ocess  for
ebeapaflﬁgrmﬁthﬁafymgcnathécrybmprﬁe;ngfablsmeﬁsby; -

o8l onkrFyEPEMroudh BFEShE A PBHITC 1F process

purlfyﬁﬂgorﬁenglk9lthﬁe@hﬁ@nylgme optionally foll owed

by% - éoﬁﬁé@élﬁéenemﬂeforcﬁQB&%Er'é?EhBH d99£'0n@hh¥ an
| owed by; pl ant el enent for |n|s

pl ant éﬁ%ﬁ%ﬂ?l?o@cb@eb%r@HaabEe%om%t%§%ﬁbh§@%@%r a

rgact ore£OPPHE Sitlge a @RIy lfalildenediby; Rater to give
distillatjon colum cgnnected to the reactor via a

pr oducfSHi AR Y tonp?Fiing a bottom regi on and an outl et
connected to 35 the bottomregion, a top regi on which

1P CABAAELEH 1 0t BBncl9BGEIENY A AhEOURIA dUARANDES at

least one object of the invention is wmade by an

apparatus for preparing alkyl methacrylates,

comprising, connected to one another in fluid-

conducting form:

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

- a plant element for preparing methacrylamide,
followed by; ,

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

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

- a plant element for polymerization, optionally
followed by;

- a plant element for finishing,

the plant element for preparing acetone cyanohydrin

-- a reactor comprising a éooler, followed by;

-- a distillation column connected to the reactor via
a product line, comprising
--- a bottom region and an outlet connected to

the bottom region,

--- a top region which 1is connected to the

reactor wvia a recycle line and is free of
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heating el enents, preferably via a cooling elenment; a
heat exchanger connected to the product |line and the
outlet. 5 "Connected in fluid-conducting fornt neans
in the present context that gases, |iquids and
gas-liquid mxtures or ot fief free-fl ow ng substances
can be conducted. The constituents and el enents of

the apparatus are constructed fr erlals mh ch
are 10 knoa% p o i T ed Pre ?ﬁéngﬁy 198t cooling

particul ar epemeoses and stresses and appear to be

sui tabéeheéychcﬁé n?éf“ ebﬁﬁgaﬁéaeko agkds ﬁ:‘éahékaﬁ“lne and

pl astics and cera Ition, In connection
t he comporentset and features of the inventive
apparatus, reference is 15 nade to the above remarks

which are supple foll Mﬁn "Free of
hé%???@F%ﬁ% ﬁ? P?Egl%r%%B%HBF§n%nd Pgwgodmﬁénsneéﬁ the
thdsenth tdentoou sectoft t Readeacy clliirgyi A0 h@ﬁtlggs -2Qquid
el epents are pre si gned such that they
TRLee FhEr Do BEERE 1O TRl It e e
r@quﬂ¢¢@ﬁto B0E armbrmdrig;ugrtsf er abfly S0€mmmd snoref  the
% ) spr eifé aQJ s%c?tf&i W&hn@n%a%%qj ta' %nalwlhfylchh are

nore. | n another enbodi nent o

éqlqvm/eﬁpu \Fé'loaﬁﬁpa?}é%hjsed" fifeccld ABhAt ifeY etlepreppgticular

@ﬂfﬁoséé‘?&t’lﬁos@k%ts's'e'sata\r&![‘ §§bféé@t E@ me%s@_e@ab:toet h?uch
course Q e rec n ur er e I Men |
S BraE e hattaRL, i v LA A T AR g 2

elearapimit s. alre @ﬁ@ytﬂam |nnthenneutsenowlthethecyompbgents

Whdbelil.g00! (0o elemenls L I6Lude Rl sRt LXPRANGRS o

are surt abl erson
ardle desi g dlene cmrflazgmedhi@h #he puppbseented by the
RAliA%nd n another enbodi nent of the inventive
apparatus, it is 35 preferred that the distillation
colum conprises at | east one columm internal

prrafeey abf yneéweiagdelementeol U prdynadsy Ws@édbtood to
%géﬂnkﬂg%ernal%ﬁngéurse of the recycling, no heating
elements are present which are designed such that they
can heat the acetone top product transported in the
recycling to 60°C and more, preferably 50°C and more
and more preferably 40°C and more and additionally
preferably 35°C and more. In another embodiment of the
inventive apparatus, “free of heating elements” means
that no distillation column is provided in the course
of the recycling. In a further embodiment, it 1is
preferred that one, two or more than two cooling
elements are provided in the course of the recycling.
Useful cooling elements include all heat exchangers
which are suitable to the person skilled in the art and

designed and configured for the purpose of cooling.

In another embodiment of the inventive apparatus, it is
preferred that the distillation column comprises at
least one column internal, preferably _two' and more

column internals. Useful column internals are in
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principle all internals which are known to those
skilled in the art and appear to be suitable. Mention
shoul d be nade here in particular of separating trays.
Useful separating trays are |likewise in principle al

5 trays suitable to the persgn skilled in the art for
the stripping of |low boilers. Anong these, preference

g§¥'n9? given;{o bubble-¢ap %qcﬂr“@r”a&%ow%a”t' C“'t%{ose
et érence béi ing given £6°dr U “In one |nvent
esbodiedntipn ttI*lrz;e c@ttmﬁndawpaiesaor b‘eo Cbﬁf Eydrebtlas Memlon

SEhLRPY ngec Prla‘éi'én heli%f Hh ?é{f’c PRLTYCOFURRS 358 ihE trays.

r|nC|f colums suitable to those skilled i'n the
areefe ?ﬁ@aﬁ"‘rtllﬁlﬂl g BfS | BREbdilikee sepr et ePFépciprle all

St FaPPi Qﬁlﬁé)ﬂ)y@n’éoWEMehﬁ‘éQsEho@klltL@dZEn phef erablfbr the
from2 to 20, r er abl fron1§%éo 17 angefurther

e
1BEHHRPERELPY 4 Yn O% i3 -s i YT ayEreterence may
phsef egabdy ofo thekfere@ntamheddtypesrats,i s palrsdcular

prg e%ggce b%gﬁg g%n 'Jrhéﬁﬁ {n%%gtlg okga ﬂ&gatlve
b?ocess accorain 0 I nventi on 8 prep ar
agmadyheniet hdadrey| apéun@ emfgctaldsd nben cpnﬁegtlm@ as a

appAl 3t Yse T@Sl@t‘hﬁsenbséﬁﬁﬁnt b@?‘l@b%ﬁ r ek.ah Gfnko %re in
process {or gee paring pol ymers based at |eas{. partl

opr BRRiple 281 Fﬁ&éﬁ‘?lsatsé’slta&alr?prti%l Hgethesst&pdo an the
At |0(r]I @@ari Iaglean s&ﬂﬂ@ﬁplw ha@f ylabe byoadlpieces®referred
accordin

he i nventi r|2| the al k
e PLEn Diar SO, Fonaey < SEEBRorbsr. 48 adypeTerbbly
wixr & Ng Up tlhe aldey pnﬂﬂanahmyuﬁrombbfub ¢ﬁnandn§mxther

ié}&%ﬁ o) v hgsgowghcgegg%a@gggtrgga ah%h@dof

Y anid appear surta
;ﬁbﬁe#i@m@m@ﬁﬁ*@ﬁ%ﬂv@ﬁPQ% free-radically 35
pol ymeri zabl e mononers. Anong these, nention should be
made in particular of styrene, butyl acrylate or

acr yFBnPthS T PR | 25t PG TARIE gerflor B agvantion
Shalt | ofhebepéocensl sia@rddisisspensi opheol yARehzabhonfor

%greparing an alkyl methacrylate is effected in an

inventive apparatus.

The present invention also relates to a process for

preparing polymers based at least partly on alkyl

methacrylates, comprising the steps of:

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

A2) polymerizing the alkyl methacrylate and optionally
a comonomer;

A3) working up the alkyl methacrylate.

Useful comonomers include all of those which are known
to those skilled in the art and appear to be suitable,
particular preference being given to free-radically
polymerizable monomers. Among these, mention should be
made in particular of styrene, Dbutyl acrylate or
acrylonitrile. Polymerization can be performed as a

solution, bead, emulsion or suspension polymerization,
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or else as a bul k polynerization. The polyner is

wor ked up, for exanple, by precipitation of the

sol vent- conprising polymer in a nonsolvent for the
polymer as a precipitant. For exanple, a polyner
conprising acetone 5 as the 501 vent and pol ynet hyl

nmet hacrylate is precipitated in a precipitant

c f ol__an ter., se at e i
SPLeRsel A A e ettt e el oy Sroricea
rebat e§oro ehempse, of brn puecipirapier abkylthe solvent-

n@éﬁﬁf&¥hﬁ§ep8§§§bga§heab%ph@%19%9%e§§M‘%%ﬁpﬁggy%éf)as a
the Tnvention ih fibres, filnms, coatings, noulding
CBRPEIPLFBAS; FOH EXFIPLPaper RAKYRET &XPILi&LNgs acetone
| gat hegh@uxiddiardts, Bhaccupanyscangl bowéomaaddidtyes is
as_preferred chenicalegroducts. 15 In agdi ion,hthe1
i%%ﬂ%%ﬁaF%iiatlEsatcP# BrRds- G | fRTPORBAtL Phggethancl and
neat di ngsepapasedli fnsy thal gdragspipaper anki dgied.
auxiliaries, leather auxiliaries, flocculants and
drilling additives as preferred chem cal products

WhiL c R G20 tarce batled amvenguce neehateyl it esher use of an

obt gi-agbte Byt he mdtiRCeSS ACUH Hohd191d heyl RYENH Qe ss
Vari ous procesS el enents and plant parts WA¥| be _

i FFER¥FARSd ERetdien At Wt chR cAAPERSpr ifAdISI e A8t i3S,
casL Aefg W t h ddidiesents | nvenhbandingsyi dualdapedimaasi ng
an _ensenble of two qr nore of .the.process. el enents

Mertt bt SFn sorfe dides, SHEL g h Sadvaﬁj(%ﬁ%‘b Gihen 2nd
tihet proceddiel eaents preSented ohéehical herpdesent text
are conmbined with the present invention such that they
30 are conbined overall to give a process for '
prepaddig ioast eflse ofinyeraciny| Felaked &o afppoeess fidms,

EePRIhd, ABLDAchY! LemBSEE: i 5RWeV &bu 1l ngRoul R ISR k ing
be poi nted out _that advant ageous effects can uSually
AEE bR T Lehi evdGAMNET t h@u§fhilajlé€tleﬁut t el@fCipnts ~ and

A ESEM nPSaddvenié®na8spsd€Briredustdmi Baangtbaiictisethich
or_onl onbi ned with E me of .the proce elegﬁnt%
6?%%gﬁ%%a§ ¥4 @ Purg methacrylic ester obtainable by the

process according to the invention.

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

here.
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Preparation of acetone cyanohydrin In this process

el emrent, acetone cyanohydrin is prepared by comonly
known processes (see, for exanple, 5 Ul mann's
Enzykl opadi e der technischen Chem e, 4th Edition,
Volume 7) . Frequently, the Teactants used are
acetone and hydrocyanic acid. The reaction is an

elﬁi%gﬂgl §o£ eé‘%tF éggtoké‘ %Qﬁéhg & Cﬁ“”t eract
ydrin formed in

this 10 reaction, the heat of reaction is typically
r£90Ved Ry ﬁré&%é@b' %1@91[%%“ U%ce%é eaclLABngapiRe

conducted in principle as a batch process or as a
c@ﬁspﬁa%%stp?eeeelemﬁeﬁwe PERERAGEEEs (Fe6cedsni §Xample,

poefesheds tbﬁz ke8pka08 | gekr eﬁeeﬁhh)écaehfocﬁee!uen a4th

0 r eact or ichis flt t appropri at el
HEhE T et u}’elafﬂe s Rty tois rebuorh oy tbed are
pm@dﬂ@melnahdghhydebdsahscofhemdthaﬁhbhereeactbnn is an

s . cool uf ficient ction time and
%Qreac]?%% eqﬁ%%F%mﬁ%nls % |fte5%in t he dlreEFng st

tdecomeatt i orn ppbduke. atataddi tiyanphyieinedoringd in this
pf@é’é‘@ﬁoﬂs tﬁéeﬂeﬁﬂt Iy adm xed i b @%9@?199r5:@ﬁ8v|ed by

stabi[izer fo the advantage of the overa
ot deriEabpe e@@ﬁeraaeeonﬁeﬁ iR Hien H”ealcola?séoéfiu?ﬁ@d in

|3 Bilc WIkupad 0 gi VBatdh tPeostasti Bg maker laa| gonth@uous
m Xi ng of tge acetone and hydro %anlc acid actﬁits

AP TFEPr i HEPPI ¢ bECBFFEECET i RFEsSTEht '8 |E§Fe Ty
'Hﬁaamﬂ¢md:m§ ﬁtmqm@ndégenperfnrmadtlcnlaI droc3) reactor

reaé?gr or a con nggﬂﬁfﬁ%ggﬂgﬁénpeiahglg Pﬁtghloop

reactor, is selected In principle, it may be

ngﬂﬂﬁﬁgeﬁgﬁtﬁ@@n éPeeQC%kQ%%d 3§eé§1£§d At e gesired
reaction via a reservoir vessel which “has a scrubber

tRVRFUCHedt n§iPPne¥ifhfen tdndiciehadti®t ajithe reaction
GMdAIdd NPs ae:eboea Eth By EFf 06yaft C ragdican ditus Hed the

SO o BB et LK U LS EESSEVELL e
reaction product. In addition, the reaction product is
frequently admixed with an appropriate stabilizer to
the advantage of the overall yield, in order to prevent
decomposition in the course of the later workup to give

the starting materials.

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

reactor, is selected.

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

conducted, for example, through this reservoir vessel.
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reservoir vessel, the waste air escaping fromthe
reservoir vessel can be scrubbed with acetone, which
renoves hydrocyanic acid fromthe waste air and 5
recycles it into the process. For this purpose, for
exanpl e, sonme of the anourit 16f “acetone introduced from
the reservoir vessel into the reaction is conducted in

the part-stre t hrough a coaol er r ef er apl h

&g?né§860|%ﬁ%55$&%9trﬁb%%% of "t e g%%ub%ggag?%aéﬁggnd%he

Mesdevaesi nedsgadsul tthes tiass cachkilgvedscbppeadi figosn the

tﬁeescﬁsrlxﬁgum v&ggeﬁmégﬁ Bte %%MC%’_SL'E oah one, which
uced, eed t

pro it _may be advantageous to e acetone
teendie s edeydepCYaohe noreithad olst WBife rexergoi #1gs5 and

WesSRited Nithi SnONtxt . pidcbSs Poseibl enfor Raghbd, for
the ™ two or nore reservoir vessels to bear a

ORI BN SEr GB6i RFVGRerCt HvRVERS 1REF_Itpedafyom
Qﬁﬁ@snlfe&_éhf\f'd}i& eﬁésﬂgEn iﬁﬁby tore fadthen eseryohducted in
vessels is _equip Wi a correspandi rubbi n

D e PE et o ST P A PP Mg
avirsabteoler, contespdreditge ©F nédews ciidomguctowest end
Al UL Sals LIANSROM aggione, Adddrocyanic acid to
be conduct ed ro

t ugh this vessel or through this
scrubbing tower. 25 The tenperature of the acetone in

tﬂ!ﬁ)érﬁﬁeff%‘/%r{ fBY kRzePbENGHR! &M td¥ Nerdd products to
esSentially arbitrary ran grOV|ded t t%

; t
RLtRHREIET n A he™3Y Rf da‘g‘?%?% AECthHet° ag%?%ng?it geetone

tehpenat ureacthent efpenatmses | chdre Jjrueser vaker vesseloir

i.s advant usly owever,. a 3 b 20¢C.
Ivne%%e\é 'S clflrgg%flnsg CE(?)I\E/:Elezér,\}{?t‘t he- a%:)%t Cﬁ%s %}:gle%l %? (g%%lﬁbglgnéhe
itsvag oot etloly mEmesrwfl mrveppe bpr kat deeaol @r cofpesponding

eﬁ%ﬁr@ e ég‘?f RlALs- coolier, W thifring o ac3ses
tenperature of about O to about 10C. The tenperature |
fuftiie iggdt oeeBn BT yorat &t N cFEEBFNE oSS 18

tégﬁ?gyde wief esabbyrebpbnexagplsrudpouly & dwabolt this
6C. . . The hydroqyanlc cid rSQU|reP Ip t he reactiog.

ERPYe 1t 18, however, often advisable for corresponding
lines which conduct waste air and can transport acetone
and hydrocyanic acid to be conducted through this

vessel or through this scrubbing tower.

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

about 20°C.

In the scrubbing tower, the acetone used for scrubbing
is cooled by means of an appropriate cooler, for
example by means of a plate cooler, with brine to a
temperature of about 0 to about 10°C. The temperature
of the acetone on entry into the scrubbing tower is
therefore preferably, for example, about 2 to about
6°C.
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introduced into the reactor either in liquid or in
gaseous form It may, for exanple, be crude gas from

5 the BMA process or fromthe Andrussow process. The
hydr ogen cyani de can, for exanple, be liquefied, for
exanpl e by the use of an apptoptiate cooling brine.

I nstead of |iquefied hydrocyanic acid, coking oven gas
10 can be used. For exanple, hydrogen

cyani de-contai ni ng coking oven gases, after scrubbing
wihd pytashyaarie scidbledudeerti nuoushy imeaction can be
COEERGULE Ot o 1 01 ACCLODG, 0B S LON b 100 ML

an reaction to give acetone cyanohydrin can be
caafeeds ofitrin tHe i@aéserf@er 1sxytp ke badec wardd ygas| grom
t ¥ OBA SGF HBDL 0105 £ OF LIRS h & OREELSLL, Hsgkd£s. In a
further enbodi nent, a gas m xture conprising hydrogen
cyani de and inert gases, especially a crude 20 gas

frigen e rBMAnprogassdor chhom tbe é&@m%qwmé OQQSﬁlefled
can be reacted th acetone in the res nce o %

B S el St bR CE e L oot PREPRBE TS EE FrRiife” B ife.
rmt@a{d @5 [Lngtikéipdodysy caserichedtdbr ec;o]pxngx epeAregas
i i n us rud u C
Gaid vEn o LoFDY MBI, TR BRSO Bhafi AR aining
a&b@ivvemmqvmedgéagﬁonaa@telpr@@erslévéssngorqutd@pmtr@gsh are

hydr@geas cyanitdecriz1Re Ysed-dsnt SHel-Anaf terranaaekdne
scrubbing. The crude gas fromthe 30 BVA process, in

L e SORTERS yLR§drigRyehi c 3 dtRAd r%%ﬁb‘@%n tht egive
f s areshd r@mﬁ@w@ﬁsn aBdnapBO A rieNtaiNsSin t ynec @lrle)éence
22.9% by _vol une qf 71 8°o vol ume of f
B3 vot ums e NP Y by ol ume GFoNe St ]?5%151? ?c3ftumns
vaobumectofd CHd . sdmigdhe known Andrussow process, 35
hydrocyanic acid and water are formed from et hane and
ammoni a and at nospheric oxygen. The crude gas of the

At (s s dW st s Smagddimemtyge® | §agse@Lig§UERe 6R)FEAS1iNg

sf%ka&%erpoeyahmaet Yé}i&ahhérg%%%/ 5P| uBBpeE i 2%b¥ide
vol une of H20 46.5%Db une of hE 15%

y
VRN DE the By DTRGesR) Freg 5P 228G BFSOBI RRRCEFS

- N atel PeabBed with acetone in the presence of a basic

catalyst and acetone c¢yanohydrin in a gas-liquid

reactor.

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

source, contains typically 8% by volume of HCN, 22% by
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by vol une each of CH4 and CO2. 5 Wen a

non- aci d- scrubbed crude gas fromthe BMA process or
Andrussow process is used, the anmonia present in the
crude gas frequently acts as a catalyst for the
reaction. Since the ammmonia Ptesent in the crude gas
frequently exceeds the anount required as a catalyst

d d.t 0 ses j ul r|c
207 AGoBR Fof SBnri 25 Mon T EOCH aver Her gag petuné of
ofif,.enss shbjeoﬂedetofamamn21E%rMbbvn@uma ofd@H3tand 0.5%
eLi M, oAl fe RN A éﬁera%f Wen such an

acl d- scrubbed crude g ﬁsed it is then
necessary, however, to add a 15 suitable basic

Ciak8h Y8t ndR- 1884 88609l NcPugdt ¥t EFeomaBRENBMAl Brocess
princi pl e, known inorganic or organic basic conpounds

R PRRCIPSRYaP IR Tt aFyé)cseq-ddegﬁeﬁ“%adePWﬁent in

Jels€ 0 usudle lg%él Cfliiedluéﬂ.ltllgf (Hctasd 0as: a?ocmtéﬂ.%@ for the
i sing rog yani de, and acetone_at

Rt BRI Y A o M U P s (Sl g

Ifr¢qmsnmh$eﬁxtbedboomh¢eaubumtcanpmmsesiaasleastatamgst
S C e r e u ,

TERTCE] (HELR0-ECRAORD O nt U PbolRECoE SLIERANSE acia

HRR®CcY®T c sebd l igati@s  or sHehe suckrwansgasandsat often

| e MBS oacise@&dm\ﬁ@% al ¥Sorged t@dl 81 iminate
cata ts are in pri %%$Ie an kal i ne conpo unds

SUEPPHES drftfort i OB o h?/d?%x?’deagbfquFBH bbg grude gas
piod a&waﬂn hymir oXkdetBehuth@fe syt ¢ Codwead ) y&@ thad a
reactugp acetonﬁ and htdrogﬂanlc acid t.o giv

atet ohe cyanohydrrn2 ESevet , Tit hasCalso Beeh ? fRgyeic
tamo¢n£emwanpageouslahehnpr Catcatgpsticused osgamic basic

%@ﬁdtﬁqu‘:% A YaIncespedAldpe anafmng.  Suitable

npl es are 35 secondary or tertiary am nes such as
dlethylanlne di propyl am ne, triethyl am ne,

tH?dﬂbgHﬂNb&éHﬂdéfiﬂ“bééﬁbué'&@ in i§%ufd|989mre@§t9rgas
useable in the. proce | ement descrl urt her
é&%ﬁqrseescawpré P90 C&H&? DofYaRdder ndfe Jrmhple are

dedl atoheantiadbe M A BEEEr atelds,t oar iiWO thfe continuous
mode. In this case, the loop reactor comprises at least
one means of feeding acetone or two or more such means,
at least one means for feeding liquid or gaseous
hydrocyanic acid, or two or more such means, and at

least one means for feeding a catalyst.

Suitable catalysts are in principle any alkaline
compounds, such as ammonia, sodium hydroxide solution
or potassium hydroxide solution, which can catalyse the
reaction of acetone and hydrocyanic acid to give
acetone cyanohydrin. However, it has also been found to
be advantageous when the catalyst used is an organic
catalyst, especially an amine. Suitable examples are
secondary or tertiary amines such as diethylamine,
dipropylamine, triethylamine, tri-n-propylamine and the
like.
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nore such m xi ng apparatuses. 5 Suitable punps are in
principle all punps which are suitable for ensuring
the circulation of the reaction mxture in the |oop
reactor. 10 Suitable m xing apparatuses are both

m xi ng apparatuses wth rr‘ob%?e‘ el ements and so-call ed
static mxers in which imobile flow resistances are

ded. In_th f f stat
e Y oranirblcusgiB e hipeEhan i Brro R et described
oferabeonaontorarsfseraof latadteashe 1pualpout o0 thar , of omore
bégrqgée %tnd egét l%%%lﬁt %ﬁ?bq{lﬁr ft ofaéﬁzgflg{ugbo%tr WO oY

nder oper ating con i ONS W srgni fican
reere i euFbnsixing h@pﬁ@h@wm ng. Appropriate m xers
may consi st of plastic or nmetal. Suitable plastics
are, for exanple, PVC, PP; HDPE, 20 PVDF, PVA or. PTFE.
I\)%lt”a‘Fa}ﬁJrﬁerPéml@éy 2BRsiidt PFéFCléiérrrﬂ]el BHTRScK@ich are

abhoysplei E@inéifﬂurt:drig?lntlﬂ@ angcileribnkesf Lt kewrs@ction
suitable are %3 ng rectangul ar mxers. 25 The
™ 1T

CBEAFYEE 13 %l?ﬁ tYop reactor preferably

downst ream of the punp and upstream of a m xi ng

ST le prﬁ%%f{ﬂ lgg?gpsthgeg é?é%%h ln”xﬁﬁ% %@%@a‘%ﬂses

escri S are use for
aﬂl‘tah‘rmmbl{ll%t elﬁﬁ@n‘éﬁeraﬂd seaceilded ssmh@lectr@crc@ts ain

Rfh £fn NQkmEB € 30 1HAN 1B ikR aRRkll CAtAr pRel iiREE tHANthe
about 7.5 or abaout 7. It may be preferred when the pH

i $29%e OfeadtF ot vaFRBECWIIRIST S r SHGESBE CalfBtATBLES t GTe
Eﬁhb§e7w51cFOh11©MﬁﬁnigapéﬁatlﬁnﬁltQr@h@&%f76E at lﬁast
t er.na tqQ the addi.tion o ta i.nto the
COFE0oLb Bt or Babnicline ot heblt S Ss bl LhCar
aleamtxr agoappaartatbﬂ; undes alpsorapdssi bd:@l’ldntidmee without

Cri gﬁ(f\%h%%]he Gaf al yg ‘h] o nt Of'ilﬁ%tlBﬁEEn

react or 1 tO er wt e acetone. n such a case,
|Apﬁmp%@t%d%%ﬁé§eoﬂéymsakﬂﬁ opfi alb&2#t XF nPof metal.

afetNe ang ] Gatidlyyskrks epsureskpfns e feedi ngd;nt gppx,
tgg%%(x”%VA or PTFE. Metal mixers may consist, for
example, of nickel alloys, zirconium, titanium and the
like. Likewise suitable are, for example, rectangular

mixers.

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

example about 6.8 to about 7.2.

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

described to feed the catalyst into the loop reactor
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reactor. Appropriate mxing can be effected, for 5
exanpl e, by the use of a mxer with noving parts or by
use of a static m xer. When a continuous process in a
| oop reactor is selected as the operating node in the
process described, it may ~16°be appropriate to
exanine the state of the reaction m xture by

stan aneous .or. contin ses. ThIS offers t he
9§ﬁF§§€ Ha? Gher 8 8F8pr?%¥ SUCR pg Cafey 1t may be
paﬁyabtagEOuBeammemfunpb@opxnaﬁmangasam@ sbét eatatohde and

rggggﬁggtn]§gur%nsﬁ§r S%eltfee:ﬁﬂt JR&%?IQH% f%op

Heter i n t € reacta ery precisely
i ﬁe@paer t o AmiopirZ@ ty el g escaCor bespeddiesged,  for

apakysh 8 C%S} heeffLctied, o f Qi xEXaPLE, mgwlnéa%@z‘tr%g d by

the reacfor | oop. Suitable analysis nethods

f BFCeRlnpl 8LapLCnBaZBFenent, measurenent of the
exothermcity or nmeasurenent of the conposition of the
reaction m xture by suitabl e spectroscopi ¢ process

cUREEI &1 P9 W BHOHSt RECESACeRR 6f 1O8R SFEGHT? 18 Selscted
nmani thei oper2t igualndde aspechs andcsatetipscirtibkds Heemay
found. b0 e s ysef ul (o def.er mipg the, conversipn i the o

reacti ure Vi a eat renpved from '
r@astut-jﬁ rhth gdnetaandneousonplar eont iwued t deahgaes. This

WOEeb kS tflffé easiednchieorehhcal lyhe30 EBpEBErQQ%@ ofit is
suj tabl e sel ection of the Ioo react or e act dal

r2hEPi & ﬁS§aﬁlﬁntﬁ.ﬁ%%%f@@léﬁwe&toeoc%&ﬁ% iphgtegee in

sws& epBadt L angadxwut-bi. thB@thmbréeaQtOﬁs tBhuRC @dshﬁble,
action Eomever IS exoth in_order to 35 ava 1
y Rt d K588 urtd cT'eht™ codl ﬁﬂbe ahe Ut ei SREY rpefr?&}a‘ﬁe Y
ofntbedérato chinemtteopishduldsbesensured. It has
frequently been found to be advant ageous when the
reaction proceeds within a heat exchanger, preferably
-Camregperihing aubbypuAdFenhbat céXeran erfODeﬁéﬁ@Pﬁ@ by

Oﬁaﬁﬁﬁln@”PHnEthr@é@@BQtlb%pbeSQ&QQ%@%danhﬁ%s%@p%%k%bds

an _appropriate heat exchanger can be sel écted
d‘?”FeFer ér:ﬁtr] yexample, PH measurement, measurement of the

exothermicity or measurement of the composition of the

reaction mixture by suitable spectroscopic processes.

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

theoretically.

In the case of suitable selection of the loop reactor,
the actual reaction can in principle be effected within
the tube systems arranged within the loop zreactor.
Since the reaction, however, 1g exothermic, in order to
avoid vyield loss, sufficient cooling and sufficient
removal of the heat of reaction should be ensured. It
has frequently been found to be advantageous when the

reaction proceeds within a heat exchanger, preferably
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For industrial scale processes, heat exchangers having
5 a volune of about 10 to about 40 nB in particular
have been found to be particularly suitable. The tube
bundl e heat exchangers used with preference are heat
exchangers whi ch have a tubelbundl e flowed through by
liquid within a jacket flowed through by liquid. 10

Dependi ng on .the tu di aneter, packing density, etc.,
CRECHoHY St ret oPUiRt s SEnc iR o diSeart b 6f ‘che
adjposhed cdppropduat eky. dd psogassdbhl eHen aparci ipf eoifn an
t : d i n t .the r-eagti tQ the

P PREPBFRaTet REcF o SR raRoRE R, ey B b g
1Borhénhest rerdhavpdre ipredessebe beadl exicheabtrandiaving

thvofLﬁﬁifét i@ hiakes P acg Whbkn 4lohg3t %Re_p%%qlc%’laEh%ave
heat being renoved fromthe_tube bundle into the
jaeret fornpguba. Peorpsie¢ed arily gad talden SBepéewer glle

tﬁegﬁ greﬁéﬂ&aﬁ@ amﬁ;éjdwt W&axtrlcasg§ﬁtt@r§ﬁgai Ebi&]goraeat
conduc e reactiQn m Xt ur rou ackel O
CPBHEetES HEIEh: Mhyd &' Yok M L oEah S Ehadheng by
i siquidul atedimi t i njkbRett ulfié oedd| ehricughas biyn ME”yid .
u t e 25 advant ag . Whe h
CBSEenRASD. LANMSe 1B o ARVALE AORRUR MIPRCLISEy src.
nelags lefat | ovraesisrt adeesveepr dfleg abiwe defiamuitdang can  be

p 0 j L-gher sresi i F r
el greet oI pYE Rty SFIInL! I B ReLAg) un

tHee t BpeceFEndies FalPeUepenFidRf Wi t hBedesiagtiom the the

r@ﬁﬂé@lfi(tha.t aﬂwt?l&)c::ab?b@ ahetturk #{)s; bEﬁdM@ilzélﬂE tqal;rough

t e ] ac t S rerera reat.er a t he vo 0]

Lt | BESSL e ean i et banR O R aRe,) he

Iedttei dreat akesoypdlader om thnen r ehet arubes adjdist edthet heat
. appr. ' a f a itk t S

e WPRAGAL, £08kaMne | Ml ARLAIL | P8l Bhe S YSer

abbyitid. 18 25 to about 45C, in particul ar about 30 to
about 38C, in particular about 33 to about 35C.

However, it has likewise been found to be practicable
and in many cases to be viable to conduct the reaction
mixture through the jacket of the heat exchanger, while
the liquid used for cooling 1is circulated within the
tube bundle. It has in many cases been found to be
advantageous when the reaction mixture 1is distributed
within the jacket by means of flow resistances,
preferably deflecting plates, to achieve a higher

residence time and better mixing.

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

(based on the contents of the tubes).

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

the reaction temperature is within a corridor of about
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A product is renoved continuously fromthe loop 5
reactor. The product has a tenperature within the
abovenenti oned reaction tenperatures, for exanple a
tenperature of about 35C. The product is cool ed by
means of one or nore heat exthangers, especially by
nmeans of one or nore plate heat exchangers. For 10

e le,. brine_gooling is used. The t rature of the
P Bangs SRPEE: Tae0r1 A SROGLA AT ARRELT0 Ao LrbEPr E°C,
pantpaut aculat caladvout 35C o Tgopt oglbieC. i s preferably
transferred into a storage vessel which has a buffer

function. In addition, the product in the storage 15
Vesserodafitbe igoolraindvad hegont gruexabpl efrpy the loop

COnst@REl Y Fedoul s Parda St rLaMIFURINE- St Q88 n  the
vessel to a suitable heat exchanger, for exanple to_a

PR e heRt L eRehantRACt BT kdRTRATH WiRT abl st sPagele a
tesmesadtiiee U | Sbenti rador posskblerddait cast i ddigted by
20 reaction can take glaa e in the, storage vessel Tfy@ by

gPEEtict CfanCBe ey EP T t REBPOPSGE veSTRTCTH
amangay ofi ponaci pre. mblovevpiatet hastbeerxchaugdrto b&or

e : . Cas tqt r '
DAL 0 SO0 Yl oD eBLEL e o ene
ez RS eri nitert heg sebrade vessebozigchOt gt 10°C, in

G FeSRENGE NG Nii BPoulf dhe stpLed RAuct s takesrerably
place within the storage vessel. 30 Product is also
reRVER T | hlbEsIF Fgeﬁﬁ”lﬂﬁe V§SHedgeVhieldsdrs g oPrffer
stahidigat | am vessRlcickhe pedugirddsictadiinxedhkheseorage
wetshealsuig%bl ebeaci d, Eo& egg l.e wth_ H2SO4. Thi s b
deactivat 88"t heé*cat &PYstan lg%lb%]fs t F&T ¢ TR - Y
mktarantly a phofirabowt batd -@foean8, fimenB5the  storage
i cul baut. . 2. i f.ab id. 1S i j cul ar
ST 80 o8 et e e RpRRhTel” P S e
dorttent heptabwighamoen, absutkaps%at napattitallea storage

%@gier%?c_dl% abayt 98% ERSHe1vy Ibsi1 st abidd zedntinued
roduct is wwthdrawn fromthe sStabilization vessel

?{ﬁ@%ﬁﬂé}{gfc‘@ﬁ} BN 95 1 the storage vessel.

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

vegssel.

Product is also removed continuously from the storage
vessel 1into a stabilization vessel. The product is
admixed there with a suitable acid, for example with
H,S0,. This deactivates the catalyst and adjusts the
reaction mixture to a pH of about 1 to about 3, in
particular about 2. A suitable acid is in particular
sulphuric acid, for example sulphuric acid having a
content of about 90 to about 105%, in particular of
about 93 to about 98% H,S0,.
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purification stage. A portion of the stabilized
product 5 withdrawn can be recycled, for exanple, into
the stabilization vessel such that sufficient m xing
of the vessel is ensured by neans of a system
conposed of one or more noz#Pes. 10 ACH workup In a
further process el enent which can be used in
connection with the present invention, acetone
cyanohydrin whi ch has been obtained in a preceding 15
stTage, Borbetample f powdukt reaesti owibhdasehonefwomh the
hgdLgyanhe 1861 0 Jepatubi eched o A ASLILLA Voo che
wor kup., The stabilized crude acetone cyanohydrin is
f Pead faratémnbaitieioey dompstitigehtat Biheresimbbiized product
CQREBgRaRd Ngacol WA, A SR e stidlakdad, Progess the
20 can_he conducted, for "exanple, by neans of only one
céltﬁ‘%ﬁ.llizﬁ\%éQé‘r vepEsils TR riSE pcd’séﬁlkﬂlee,nq Aigftng of the
appeepli dlse piiddaby ofe@his cbBda agetene ayaneadrdm, one
to_use_a conbination of two or nore distillation v
cSFuliRES 4P&6-cBmbined with a falling-filmevaporator.
25 In addition, two or nore falling-filmevaporators
Oh cel,88ih or nore distillation colums nmay be

' ith one another. The crude acetone
cyanohydrin cones fromthe storage to 30 the
diigtid | ati¢hegengralcky s thefehenpei Al & 0f 3BOULse® in
to about 15C, for exanple a tenperature of about 5 to
abBUEeEBEC™ | n BtFhci pFRS t RreFtfe ackidietion,  acetone
cyaanbyddtrincarhbehi mMaodieect dobeathgd nia tde preceding
c : weve | t s_been found.to be useful in
R S Sl I e et WS it e R e
byvdeapganica ahkedt exchangerjedtiedt takes uplistre leftive
96083t Ofnd her Jyiadutiy ?lﬁ&%g‘g%/ Qaﬁtéhéd &anohydrin is

di sti ation. Therefore, urt her enbodi nent o

tfeepfocess de¥chidd er £ontHel tugy s criide BEabsneof a

CYySRpdyEbhdihg heatssh byaneans 0f1ea heatilexehendeirdss
a tenperature of bo%; 60 to 8??. he acetone
bl

cSAMofFdr FARFECHEP i f ited byFATER Yi gRepys ©of only one

column. However, it 1is likewise ©possible, in an
appropriate purification of crude acetone cyanohydrin,
to use a combination of two or more distillation
columns, also combined with a falling-film evaporator.
In addition, two or more falling-film evaporators or
else two or more distillation columns may be combined

with one another.

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

a further embodiment of the process described here, the
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5 neans of a distillation columm, preferably having
nmore than 10 trays, or by neans of a battery of two
or nore corresponding suitable distillation colunmms.
The colum bottomis heated preferably with steam It
has been found to be advanteageous when the bottom
tenperature 10 does not exceed a tenperature of 140C,

good.yi el ds and 00 ur.ifi.cati on have been achi.eve
ot o R B v RE s 0 Akt Sns B CP A E aBodieat
18REhangant to ha ghenpéhatuadoof ANOG: dhetd edPeCat ur e

data are based on the wall tenperature of the colum

bottom 15 The crude acetone cyanohydrin is fed to the
cBhannchbdye icyarbéydpser ichipwrifiedhebgotdshilihgion by
disthl! BE QN diSse Perforde Pl ghe! ablkyrupgsiyr 8dYS8d more
pressure, preferabl at a pressure of abou¥ 50 to

abowR HOOtHDHE; PA madisc R lara dpRtEesy P6 AWsuPr2swre

n@@fr@%go%iﬁ% g@@ﬂ%a{aﬁé uatilgt b@lﬂ@ﬁ?@n5@oﬁ_gmﬂbo_U:I‘_hé5Qolumn
ar . , e 1o e CO m, aseous | uritil.es

R3ktonl iy Shethat At g aHE LR By o LFediAbd Peen
2bcothhe rtenved adasenuscsoulast vinees thke sooted hymmearsure
g Qeﬂ@""&@%@aQQEémBEerQ%tSgyl%ob‘{-"ogg%gd ri?érllg%atand

exc angers._ _erence I'S gliven eye to'u
coebd npuiifhcatiemperaver deehr abouteved o waleout th@Cbottom

TG yesrd N8 JaggeuUSyLONSLEt Uapls aboliRe Yaperr S heot
30 opportunity to condense. The first condensation

e
HEFET Pt aROPE at el ° For TRRakplEST8F UEBaAGERdaTe Pased

PEE SIS Bval Hov@MSE ratdire Sofquad o passikbecand has

been found to be advantageous in sone cases when this
first condensation stage is effected under reduced

pries samele cepraier apdyolydtive psesSsdr eownhehcpilevai bedy
int L.stil lation. dh 0 te s p i Nt O
L onisdtbhsh (IR SLoEaf R A e DRFRErL P A0 i
treiplerEnad orofertioly Vnder abeducedCPrRASPart | PFAFTAPLlY
ahouty 5 e Zhre akgut Mot The 9ase0us£RNMPOWRdg LY, Chin
do not condense in the ,
particular about 50 to about 250 mbar and with good

results between 50 to about 150 mbar.

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

of about 0 to about 15°C, in particular at about 5 to
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first condensation step are renoved fromthe reduced
5 pressure chanber by neans of a vacuum punp. In
princi ple, any vacuum punp can be used here. However,
it has been found to be advantageous in nany cases to
use a vacuum punp which, owitlg to its design, does not
|l ead to the introduction of liquid inpurities into the
0, gas f&gganl Preference is therefore given here, for
%B *using dry-runni ng vacuum punps. The gas
stream whi ch escapes on the pressure side of the punp

V\ﬁh&" %Ceto%jﬁ o agnk&%n%sf Uégﬁi‘g{x q%oat netC hé&%?éns in  the

ichis pre cool e at "a er at
of imbo utCO@ldle@SabG@tn 18Gp Carrst i r@:rewgd whizem c*@hh@erﬂf@éiuced

f@sé‘uleel | kpwhsecoblected jn the col legting vessel 1n

Ich already collects the condensates obtai ned under
VRELRFI R DA BREnT2CHYE RiBRNSARI &iF peFedr Rgdcontowever,

20 ph§§5l}a|fe%n$|ﬂﬁ.1r§f Ecbebkéa%ldbb@n@la@éo%@n ﬁe [ﬁilﬁyecz:ases to

for exa exchanger, but al.so
595% o Pt VP HETE e e imobr S GReifbeqdBRs not
shéé@stonthpanﬁdnﬂdudﬁnuunﬁfsﬂi@mﬂmcbmpuenalasngnto the

ggr el k. COEQS?%?%S? siep £t '}%"68 égﬂemél}{e,tofor

f3ren rzati on, or exanpl e"a
Lﬁtmmgbm otrp Then@ ol ecreeh tem cerTan axumes- | i kewi se
be utilized further as desired. However, for econoni c

reasons, it has been found to be extrewe
RN PaFe sl a3 réeyehe S3TpRE éahdé%atpé%e%%ﬂr@ tfede of

ftﬁ@éitp@rﬂpfﬁ)é ROEPRICIERG ateiarg £yanotyeri Hahaﬂ_hleich&nger
e or S ich

f.f d f t t
DD SEREETPERPRE” oGy erodeter PHIE tonfoncdpesature
nn@ ahopt|@cnpieahaue apy Cconfposittitorents ovhield tbatlense

85@“1 e%?f@é EB%lE ceedr atl onpaf Co’cl)slf@c,etﬁggft 8 sel

cyanohy rin cases, predom nant
t"ﬂel@onaéﬁgétiﬁ mllleqwev]ée C@@@@T@tat@ts eler brrd aHgder

Ry A6y 2016 G8E: B of, OT TIRX AT -1l -2 1750 aﬁerf@h‘n@do‘con the
about 2:1 to about 1:2, frequently in a_ratio_-

Frepoire 15198 TRE &8 oFRCSYRNBHTE! CAT0 RS %%%e‘f:‘f%ﬁin for
tdheanigeitd onbPef at MReat exchanger, but also with a battery

of two or more heat exchangers arranged in series in
parallel. Gaseous substances remaining after this
condensation step are removed and sent to any further

utilization, for example a thermal utilization.

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

ratio of about 2:1 to about 1:2, frequently in a ratio
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distillation colum is first cooled to a tenperature

of 5 about 40 to about 80C by the cold crude acetone

cyanohydrin fed in by nmeans of a first heat exchanger.

Subsequently, the acetone cyanohydrin is cooled to a

tenperature of about 30 t¢ #fout 35C by means of at

| east one further heat exchanger and optionally stored
101 terggpjately. Ami dation In a further process

& et as’ frequent |y provided in 15 the preparation

of methacrylic acid or of esters of nethacrylic acid,

3661 AN CHANORYEI b4 51 SUDLECT 01 L BYOT BLYBLR: ofl che
ifferent tenperature Tevels after a series o

rdizrttd ok 1arhi o Fwihsl sref et yraed @@ B8 aheempesdbere of

ZhJhe 1eactionapbsubrodght abputihdl &dJdRNN@A-UKROWACEBone
those skilled in the art by a reaction between
¥iigt &2 phtir P¥ B6Pdsatf et bRt charbngarpanger.

T deeacdrtany | StgéOtah%’dﬁrCa | mlyhﬁbhyaam? tihat ﬁbeaédOfto a
5 reaction is_adyantageously renpv omthe syste
TR 26 S005 i BarTBE pi 1or Rbd Teaty SF at

RHatacdini oee pfocebsrohean ecomthangsus grdcessesnalhe stored

[ found to be advantageous i n nmany
skigdasying

cases. he reaction is perforned in a

conti nuous process, the use of |oop reactors has been
g diepe useful. The reaction can be effected, for
éxanple, in only one |oop reactor. However, it may be
advant ageous when the reaction is perforned in a

lrat ter jubt hémopobcapse clleapnt3mg eBcdcrent Iy phevided in
Rrocess described. A suihable,loop, Legclor Das o one. o,
nﬁ?e PaEH p0|n?s for ac 8ﬁeycy§n6%y rin, one o 23
mertdiafcend igoiantisl f ereesoee myanady dudphis | sultedsedneo a
%ﬁ;gf‘&ﬁﬁ/&%s. Sgparal PESrefPe QL Dy e NSAl 1RXCHAN0SE er 2
and  orle or nore mxers, and often a punp as a
@gﬁh%ﬁref Keag§ions, this forms methacrylamide as the

product.

The reaction i1s brought about in a manner known to
those skilled in the art by a reaction between
concentrated sulphuric acid and acetone cyanchydrin.
The reaction i1s exothermic, which means that heat of

reaction is advantageously removed from the system.

The reaction here too can again be performed in a
batchwise process or 1in continuous processes. The
latter has been found to be advantageous in many cases.
When the reaction is performed in a continuous process,
the use of loop reactors has been found to be useful.
The reaction can be effected, for example, in only one
loopireactor. However, it may be advantageous when the
reaction is performed in a battery of two or more loop

reactors.

In the process described, a suitable loop reactor has

one or more feed points for acetone cyanohydrin, one or
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5 The hydrol ysis of acetone cyanohydrin with sul phuric
acid to give nethacrylam de is, as already descri bed,
exotherm c. The heat of reaction which arises in the
reaction nust, however, at |east largely be w thdrawn
10 fromthe system since thlyield falls with
increasing tenperature in the reaction. |

t S
bl le t hi [ d .
CBREr eheRtl PRV EPE GPEREERESE Cors e oh AFif ome
acpprm@re ayes heaparexchangens. obHowever heet memyhahgerbe and
d&ﬁéd‘&”t&?ﬁ@“ﬁu&grgacﬁ{’c& Lhe-m x{ %Smgo%sgrgatc'o%veymg

since a sufficient ranster 1s required f

appropri at e exchange at the heat exchangers. Since

the viscosity of the mixture rises greatly with

falllng tenperature, the circulation_in and the flow
Troudh e sdsp PEacdRtane f FYarPRydninonptfeafedphuric

aeE]th@uf;Bl ¢jiend rﬁ@ﬂl@él%il:ypzﬁmic?@ ﬁ_@actasanam@@a%ydfe@@mlbed
t he sten1can Secon y (0] onger ensur e |

ot S o lne TS | o et e SR pRd a5l in the
rmumn mnmsurem:&revieead 40 aeepystlandedatiba efithdrawn

n £t he ction nd xt ur th e
exc %n%%%sté?‘?geg’f ar %%%r eV\][/lger synin 1# £a 1e%u ?angﬁmreas’l?g
derseratwfe whiioh ahs earew@r(mred%tl Orf capopeible in

qel £t fhe | Boaddiht 9B, of hedROPaA&acbapr688A0 vEe rdRoval
char ge th the optimal ampunts of reactants, K such

tHat the efl'f“?%ti ene§ of TR2fEE IR ce¥Wd thuf FARRT RAFS . PRAC
mmﬁmgrenmo@évéhe REOGRSS, alaacp%élﬁmsa@ffaﬁea@@bwys to

t t t
Tttt P S e kY robp A LEF o HRGE et gt Cent heat
dyraarmstﬁfchl nsi srequiyoetlicédri rHpmprody iste | espheeget ;. Ahe
fﬂézﬁ! QOB 4y %%%torsPﬁgéerﬁ@ yvﬁ@%o%&% YOl o PO €At weyre

excnangers, nor e one oOr nnre m XiI ng
é-’rﬂeﬁﬁsﬁﬁt%r%ﬁ@lion‘él@fl @allmet@@@egébarat oEBe ¢F\éCU1athn

Gi cghat i1k stream-whihdh pass 1duoughatherfiist rhegply
reactor are_preferabl %ﬁl n the range of about 50

65@mgﬁyq§t ,ef€p§b|§u 1glggﬁger%mova of the régctlon

energy from the system can secondly no 1longer be

ensured.

In addition, excessively 1low temperatures in the
reaction mixture can 1lead to a crystallization of
constituents of the reaction mixture at the heat
exchangers. This further worsens the heat transfer, as
a result of which a clear yield reduction can be
detected. In addition, the 1loop reactor cannot be
charged with the optimal amounts of reactants, such

that the efficiency of the process suffers overall.

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

or more pumps, one or more mixing elements and one or
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100 to 500 nB/h and nore preferably in a range of
about 5 150 to 450 nB/h. In an at |east one further

| oop reactor which follows the first |oop reactor
the circulation streans argkgreferably in a range of
about 40 to 650 nB/h, pref biy in a range of 50 to
500 n8/h and nore preferably in a range of about 60

to 350 nB/h. 10 Moreover, a.preferred tenperature
TP or e eS0T ERES - hEat G4 ERRNGEIST SCAROUE Yhegh pass
200G opsit t kbl afirdy eﬂebpnoﬁzabﬂjcrrg greemredcabdlty 2itothe

Iéé%ggi% t%%OHG gxagoh%grln3 bgegé%gg¥gmenbg Egﬂge of

oop react or a
hia®0 bieens 0 § outch t@cben@maprag@mﬂsly\hen gheangedofsabout

I fH @ & Jn Xing m3?herreﬂl far examlesd ntp A WM thoop

movi ng parts or a static m xer or at a well-m xed

potaRtoThevisiftphuraldlovei dhiss ddvist ageols| yopedorn the

LHE%J&%HEfgnt@@r@&ﬁéoﬁgez%r%f@ﬁﬁﬁﬁ§rhﬂlQﬁdtim@@ of about
QG herwise, il is, however i kew se g §| Ie tof&ﬁﬁd3/h

tHe %%Iﬁﬁgrmc”bleF?ﬁﬁﬁﬁ?%% 1t odprred
poiditmoddeprafépaipiyt he aeaahgetsflabbne m@oacréﬁﬂtmﬁ/h

[ 25 controll ed such,t S f I ur
a@cﬁe?s r %séjrﬁedf re('zdfaxces gr?g g? ﬁd&%fgs%él% |(J>&er the
Besed oaxthengepbar irsat i @bofit t hé cdhst|$®%®ts papsicular

;%18e§e11 @@%mgg %m}éht&? fihdgt 4 oap rf«ftactor and

out 1 1to a 2:1in the last |oop reactor. 30
In some cases, it has been found to be advantageous to

pﬁ{é OéHéEBﬁer Qﬁ}féﬂcﬂ{ydﬂr{ h@ahoqﬁl reachOipvét IB)eSUﬁéti afnto
esi sul phuric acid. The % p ric acid, ga

PP % 85 61 vei tand RESH The LT G608 e

Ifbuﬁdt&mebeamﬂvmmtngabusewhem;thblfhedamsemsboeaamlxing

hugber HEXaéxgﬁghsaﬁn% ){ure $9¥§§ arts or

rrpera ‘ure”of react on i's can ental
a glidtcamixgel dor agdvant ages- mm@dt pfApeEat Ghe pHlpharic

reaci i 98 OlivbUE8gledus14° fedbONt (PR rtaapbAUR d20CacEhBNe
heat renoval 1s énsured by one or nore heat

cyanohydrin addition. Otherwise, it is, however,
likewise possible to feed the sulphuric acid into the

loop reactor at any point.

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

2:1 in the last loop reactor.

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

advantages. The temperature in the reaction mixture is
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exchangers in the |oop reactor. It has been found to

be 5 advantageous when the heat exchangers have a

sui tabl e sensor systemfor controlling the cooling

performance in order to prevent excessively great

cooling of the reaction mxure for the

af orenenti oned reasons. For exanple, it may be
advant ageous to neasure the heat 10 transfer in the

h PUexChanyetPIE i ¢ He heat  exchangers point by
poi nt or continuously and to adjust the cooling

(forpmnce of Lhe heal ex &Peq;rs,o&} h%retoo T o%eca%eat
be done %or exanpl e, Vi a the coolant Ttsel¥.
eqm@h&mg©0351bleh¢ola@pleeecapproptlhaé h@aﬁlﬁgumg @b be

t%@véxg%%I o0 g}mtew e £OL¢ e%&%ﬁ%h@%r%arﬂaﬁﬁé 0 Qfiitable

e reactants and generatlon of
ngresPieatyet cheday oﬁon%\r@é%naatqf@n %@O%h%gt weriormance

POSSRigkht i@ beeabse @@d‘e%éfla}élef dheat oo digaet 08f the
shoul d addltlonally have  at ast one ar at or.

a
R o ot RUATTe STOF t v PeORRCE BhRgg Teasons | For
capdhpLoUSs iy ﬁapn&kﬁeaaoaptagaohsrtyjameheugas the heat

Se aa:rrlégjl oL - Ano”t]: r@earpd e%c%x }éﬁ'} %O \grth [, gW {]Qg heat

gases orneanln reacti on he Feacti on
chanmmngeﬁmep@m@tfbynp@lng onmacahyivapbshynenéxtdeadjust

The. pe %#ﬁ% WL hels ape, £ & 0 t BRe28 L PoR<ERAALR ol %herleto

prefera ransferred 1nto a second |oop feactor
tTh%Ss%%%nEelé@ﬁep derorexamiRl § eattd ofbenfrplpet itself.

COTPh kS aaqupfws@lmé dtanddretiacr aﬁapﬂbﬁﬁlat@s hbas ing

be bt th t the fi

FactBF, ¥ ”c%elgé ST ERE L he (SR TR Pai - CETEaRier of

%@c&d@ntelmyaoﬁhydm e alat attiss M®ythmegeeesabion of
{‘“rﬂlé tamc?ffrfg}ﬁé@f oy rs%x l888b£ﬁ§€%8£ 8 atne  tw

somnme t he  excess sul phuric acl reacts wth
mmssmﬂeltmvees:ymhyélspn coneeiveblet hefhe loop reactor

et hacd yga@lggonlmﬁy ReLfOr RNCE- D¢ t Bl ﬁg?&é i %@ﬁb@ator

two or nore |lo 35" reactors has the advant age t

Rihgmnebhefe 1§u| tpfhui”ll’éhdééi"’d R | FoYReA 1 FP§F1P88H51Y
reagt Okhet hedqpnmpaltt bty vief the @%@Cté,@éfﬁt?@:ﬂ.r eaaddher

henge the heal {ranst et and., U LIl e Yhekd A Cene
reaction from the reaction chamber. The gas formed 1is
mainly carbon monoxide. The product withdrawn from the
loop reactor i1s preferably transferred into a second
loop reactor. In this second loop reactor, the reaction
mixture comprising sulphuric acid and methacrylamide,
as has been obtained by the reaction in the first loop
reactor, 1is reacted with the remaining part-stream of
acetone cyanohydrin. In this case, the excess of
sulphuric acid from the first loop reactor, or at least
some of the excess sulphuric acid, reacts with the
acetone cyanohydrin to form further methacrylamide. The
performance of the reaction 1in two or more loop
reactors has the advantage that, owing to the sulphuric
acid excess in the first loop reactor, the pumpability
of the reaction mixture and hence the heat transfer and

ultimately the yield are improved. In turn, at least



10

15

20

25

30

35

one m xing element, at |east one heat exchanger and at
| east one gas separator are arranged in the second

| oop reactor. The reaction tenperature in the second
| oop reactor is |likew se about 90 to about 120C. 5
The probl em of the punpabiti4§ of the reaction
n1xture of heat transfer and of a m ninmum reaction

t furth t
LSBT hiohS; 1fHa] Pet Tor R ahethe BYEaaRHSF OBl 2t
reastoroheogdd adpambageouskyalasngehiedtn ehehargend loop
m@@§§t89°'ﬁﬁ%& ngéggggn%%ﬁﬁ%%é%ﬁfé”qﬁO|hﬁg % c8Ha loop

appropriate sensor et one cyanohydrin is
agahptdedi $ nlikewl sai ala@ll*e 945t e xbagt el evrdht ,
preferably into a static mxer or at a mell-nixed
poi nt. The product is wthdrawn fromthe separator,

cERRcPEPPYeMgal EBBaPHIBRL1GE t¥he Ls db6ndRGEp Meddsdure,

anel H@@Ee@rbﬁsf%Q'Quk?ﬁﬁ@r@tMﬁﬁlﬂﬁmaQ@dEtlgﬁ k@mﬁé@dture
180C to conplete _the reaﬁtlon and to for @
FREAEET yF AT YR Y ThEBT hBSF aOPerPEFSFaBW p@Ff &Fm? es in

sticd tfetst he Tlﬁmefmm,t ertpresr atageond  diday ne:daamthr too
fo riod, e r [ :
BT o pESG Ut P38 AarhanarR pAublRy Jooling
fmr@o:cmmcm caboﬂsne tagort nd lsisb uey eaghﬁpmfoabéat:et IFessor
§¥§QQHF five mnutes. This can in principle be
ected in any apparatus for achieving such a
tenperature for such a short period. 30 For exanple,

tTiee eneEg¥nearybechypplired 4 na@alﬁOIi‘é@.ntzernﬁll qaRmeftable

electr cal _ener is
TiSTS PeOrBte. PALCRRRRYY: Hatondt Gy Ty e MRkt opr ot @
eveslCt yroegphgbdtntr adi ati on, for exanpl e by neans of
m crowaves. 35 In various cases, it has been found to
be advantageous when the heat|ng-step is effected in
dhreaprexedanyer vinhehaviofseagsher seperp§osge especially

AL ANgeRR c Of, tybecROi k8céhd loop reactor and heated to
a temperature of about 130 to about 180°C to complete

the reaction and to form the methacrylamide.

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

means of microwaves.

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

with two-stage or multistage arrangement of tube coils
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whi ch may preferably be present in an at |east double,
opposite arrangenent. This heats the reaction m xture
rapidly to a tenperature of about 130 to 180C. 5 The
heat exchanger can be conbined, for exanple, with one
or nore gas separators. Fof #%anple, it is possible

to conduct the reaction m xture through a gas

separator after | ves the first tube cail

BT R o ReKang s ey i FATRTE | Por B il 6 asiiRre-
16ppoaboaemtaamQﬁmEﬂnﬂurThgstheameac¢h®nréaonubhenuxture
r ' t equa 0S$SShHb treat the
EBED e & gk ppbEe Bl RbRP RSO OB, 100HETT s
the second «coil. It may addltlonally be found to be

agNanhageous:ctah ééﬁa&aﬁh%ef QG Qe dN XEYFecWhtBia, 938 th
separator both after it |eaves the first tubée coi

apide aP¥ efOr € 9@5v§§paﬁfﬁé0§écoﬁa>rt FHFETS.. Tthd Sammsible
seb utbaautbushebtaknabbe genenakl yhtasich & eferigditor

th 100C, t t t 20 qf
SR 136 T ol AT THEE qabtiie COMPoudt b ndd'q n heat
t dreclasmalat | onThas |maqnlrmm¢ﬁ@,befdrspexampdé i N gapeous
"‘@dé!%;%néﬁ{‘é EQ-fupt Eﬁgéngr ‘BB‘ES%'eQ%tl ""%‘f%"m the '@é&%n

ageous I n sone when t ppropri ate
grasve*@uraere donmbisneaidual by ppéﬁsbérat L [¢] nter%t stiBR &emsEio

thett LReYw PER Qpé[!agn%Eb&ra@&%s%'irt'e%theWe%%res the second
continuously or as. required, for exanp e Wwth steam

pFessur &F &MY AP tRiRBELY t PGB dt? uPEh&CVagGageous

Esdsetréacath@nreé\cwbhhmﬁ.xshea whitah aC@Ia%t |stsgiae:&ta>r both
€Cess a gg g u%ed Inlthe er leaves
T i % % X%ﬁn ?l ﬁn U35 £R&pFoi ess acchdl

tth@tm£¢ww®n¢mbﬂl¢31h hydrol ysis of nethacryl am de to

nmet hacrylic acid and its subsequent esterification to

met hacrylic esters. This reaction can be performed in
ofee oratiislee  Iwededorf othpg  eRhapnabicecasicrar blly has a

tadtiSerdloRYes s hbrbasnhbf TBOYC, typically a temperature
of about 130 to 180°C.

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

transported further.

Esterification

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

reaction can be performed in one or more heated, for
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cases been found to be advantageous when the
esterification is perforned in at | east tw successive
tanks, but, for exanple, also in three or four or nore
5 successive tanks. In this case, a solution of

nmet hacryl am de is |ntroduced2$nfo the tank or into the
first tank of a battery of tanks conprising two or

nor e ank 10.1t |s frequentl referred,_t rfaor
ae}é%?‘P%spon Ay eSS flgga{gl onxﬁrégwaec"fel{)’n gt %aP £8" Rany
baasesy(ﬁeamm 6pwmﬁe toanks makm@m@eewwa when the

tQSESfc?f?ig@:rBﬁdEe gyeﬁamfr&e N%M%ky i Itsgicscesme

vari ant rocess escr I% ere It
pbaBke} ebufoer foax s lea o Flal Hn ‘a}ﬁﬁf% 88| §OLEn OFs more

obtakb83bl e f r amnithe amhdatdron re@ggéon %eSCébb@albﬁre of
|nto a first, .tank. The tank js heat for. exanp

wie ke e ERnR™ifie 15m%§§§%#ﬁ?@oﬁ@ﬁﬂxﬁ dtﬁ%hePﬁlﬁﬁtﬁa§he

apieseveairrl 36 hebpecatryr of fankexawmplpe id ihenperatdt enore
of a%out 100 to about 180C, essentially corresponding
BPHhRE exi t tenperature of the am de sol ution from

the ami dation reaction presented above. An al kanol is

at 0 4 fedffé%%deg’&l éfeﬁ?éﬁh t%arﬁb%)xefﬁﬁd erortxl%%ponding

esterlflc U|ta e al ka re are in
pe$her pf ecahion| K&ﬁ@ltéonhawtﬂrg 3 Patapsyt A cerdopr more

at 9Aks . Mk M de Willneakhe@k fbr-anched, msdd Unated iifter
uns urateg% articul ar ggeference bei ng given to
netPanot Ve hese Grkantrsl 30 li kewi se be used
together with nethacryllc esters, which is the case

e | an S. h SO
AT G WBrRtsaray GESEEIRERCHARES; 1c/NEe AL B SO for
corzepte at ton feed hent ankdef selourictBd 29 gbtabbablesdrom
b’théve'agﬁtdaﬂlrbrparrtéa%llgn abeut-r18ck0 About :ngtgcﬂ’ téV first

me@%kt he anpunt of am de sol ution and of kanol is
c"élﬁ?r bRREd isudicatest: &£ %t axamplar WéFhosaf%am The

agthige t Osorhikan®! ehppbodt lgdnérholgboubsl: knb elevated
exi sts. The

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

tanks, which can be used for the esterification.

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

which is the case especially in transesterifications.

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

The amount of amide solution and of alkanol 1is
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al kanol can be distributed over the tank battery such
that the nolar ratio in the first reactor is about 5
1:1.1 to about 1:1.4 and, in the subsequent reaction
stages, based on the total anm de stream nolar ratios

of about 1:0.05 to about 170°3 are established. The

al kanol fed into t he esterification may be conposed of
EofRRotkanduaang A kandloJLombeeucling sieeatpial o
10°t he“wor a es an 19t rrequired, 3

retipehohg ogtﬁéanﬁioﬂ.ﬂhé d@wnsabean1plote@se@xxﬁtshe'fhe
PLPHLELE O, SYRL e&lst],—beuE%lét SLARK Gan P&n}g g&%@rg‘ thich

water 1 n principle 15 such that water
t BRARCf G afpLlasurErtioprigyi BBe tHefst hirsawaPer has akput

i ng1 edi e saMbheh 1might az@&ve&aelah@f Eepketibnt reaction
esterificatio reactlon or wnst ream process
sFheeS  FoPSELamll et PYePRE alai"tléj?f %ﬂf%?mormegﬁrngfatlos
waf erakeart be:bedst ccd habbank.1 Howeverre 28st4bl Sshed. The
W S Q S|ble to fee re of oyat gr and
orgg%?%fcgn%oun S ttglet heeqi r%l%ésjt obt al n')é'dg omposed of
eXxanptle, aﬁhanméﬁuﬂndl@akanoloﬁnmmtmﬁﬂx¢1tmacsdreams of
"€ﬁ83®6¥kh dha3 REChAGAd DO JBnbeolddiening
process sente ere, e tank i's charged at least
2%%%@@%% ttHhea ﬁpwa%eam BECEE SERE squhtb?gaar%iuctlon
coppeospds. Wien a battery of two or nore tanks is used
in the esterification reaction, the gaseous
substances fornmed, 30 especially the nethacrylic
esher §,lrean tiamkpraarci pé e che rdeaww iaftf Wamhwidnabr¢nciple
féx%%e%%laftt %%téf‘d iEeddo 8, éf’c%‘% Phonf OYEYE s’ource,
een found i'n SOME cases bé a vantageou when,
ipreavbded etlyaof thive vatavrbast apkdnorkdigaseowsich might

Paosues S T rddhg fihgt Lapkr8Fec3bibhl Stededi bt Ot hehe

second reactlon vessel w thout the gaseous compounds

fASRIHELIT r BEOCERR bR ed FOFi retdTyleo gemineralized
Mﬁéf tr:]afl 8prifbi lﬁraﬁﬁQC el Gbléi)fff@d{ St¢f> hf@head‘éﬁﬁt aa@wever,

t &requent | tipon o oamin_.30  th

(1% 515 SACHOER Ror=beleotin et i By<CoRpI PEaraier. and
organic compounds to the tank, as obtained, for
example, in the purification of methacrylic acid or
methacrylic esters. In a preferred embodiment of the
process presented here, the tank is charged at least
partly with a mixture of water and such organic

compounds.

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

advantage that the frequently high evolution of foam in
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def oami ng apparatus. In the case of passage of the
gaseous substances fromthe first tank into the second
tank, the foam which has been forned in the first tank
5 and may have been entrained also enters the reaction
chanber of the second tank i3? & sinple manner. Since
the foamforrmtion there is generally significantly
there i eed tq use defoanm ng.apparatus. 1

IESELbAN ARk ARFAGRT RSty ehns OFLadT PYoForRkcated
tdtmfbaﬁmnegl yapml«reﬂu.m t be ovies f lceweof ofhepdssasget arik; the
) u s e 0
EERR pibol 2nu8E EhRR FPE, BARE S D TLARE Pl Cp R na
tteaTkk , Thleesé@@mdwhéﬁh ang aeenf cﬂqrcmdngimaﬁhe fieststank

ldkewns¢ ahardedewht R iBENANG - 5101 Snpieleried Q@é@tlon

that the anount of nethanol decreases by at | east
fRARRehkof o tnkSe PR d ARk eddh 2ase™H S Héafb‘?%%edﬁﬁﬁce
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(] e ur er an A | er om a 0
e 5 6 e 18 HE SRS e SriaAT G cu gL s -

t hough, often srrall The vapours fornmed in the second
t [ traoduged:.int.o
e

gdtear i fltaﬂﬁntﬁkeﬁer\@orﬁm W@hthWaptfert)heoffirW egank;

WedBHL 4 anks, ithecavenfhownf dhe secondhtankcdésS formed
transferred in each case into a third tank, and the 30

over ERBw TG sthet 2Rk r @1 afIICH f 2ZFprRFRTeRte, 1Pntté'lea first
f’dlalﬂ}ig tIfIﬂ_lﬁlék s&henbiur t ek t@rﬁtﬂiskaa{yg |ﬂd§a_\£qvfﬁ.8195t g€afiks are
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cted ower region
diagik | 1 g dﬁil‘@ﬂ Lﬁ@rlcemeranpap"omrs %leﬁpween@ntank and in

32ROt FQPERe M XAdHKEs O&aﬁ}afdl'f%fef Btomstiepyp BBt ha@ YEiest
esters and al kanol and, depending on the al kanaol

heie SOPERBEFatHPe éflfgﬁ&?flcéﬁ tige, though, often

small

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

distillation column.

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

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

vapours comprise an azeotropic mixture of carrier
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about 120C, for exanple about 70 to about 90C, when
met hanol is used. In the distillation colum, the 5
nmet hacrylic ester is separated in gaseous formfrom
the vapour constituents which boil at higher
tenperatures. The high-boilihg fractions (mainly
nmet hacrylic acid, hydroxyisobutyric esters and water)
e recy first reaction.tan e .
oL PRaEy R ER L pL BE LS e T ban ol TS cing on
thhecwthnQMdusedLe¢due aearesnafrag ureat o Ex cienger 6 0r to
éwgl;e% e tvfoﬁore% 1e NEBLLEXGHANGET Spohi Eéscbe%en
fou e

t 0 be Us cases when the nethacrylic
eseehangl cobd edusyd meakis d?rhe atdllféta?s]tlatwlheaiolumn, the

e%é@ﬁ&8§§§1c'QsE@kCBsC@éﬁa%aEbESEnléaB%%hseE%Q%n&%bm the
wat er perforns the condensation and a cooling to

av?%%ér SORPE L6PABSUMTEEN PAboLRt 3begheghisgpgratures.

sm@ndubm%lclom@d fhieal ioxshangeinUpdeandakesryilic acid,
cooél g %bou t 0o about (gC. A Eﬁrt-strean1f{og1. e
t R hREer=e B?%ﬁl%or?&ér%&t SEANYBEST ht PdfuckcRg e 1nto
reméuilm@u(rddmtxmmunaskfoﬂheommmﬁa@nykﬁcceatenlﬁqrmed

§ %..OEJ f_byév e | L@Jlé Y B3 oc&gféd
acryﬁ %o# gﬂ qb

ester nmeans oO attery
nm@nqs hQﬁ me%a@xm@m@ew al fpattivies ve axfe, tve p§ more

PRSSE béﬁchélﬁ{gergx afpl Basf be&h ¥BuHAJEH! BkE1@e%00! HRY some
by neans_ of wat er - cool ed heat exchangers

CotPRet BB n tEEr Fk_?sthéﬁéfy fiive PG Tac eV uPY hBpans of

Cé)tolhlll&@slty Reanheeft aéb{c}amﬁmj atie bwhen cmlseg ehhe&tlrst
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e et by P RER o bPReRRS 2R L aR R e s IBhe an
gaseogsingt de Dyt empesatvfira OFr sbohtaté extchaagent wBOKC,
Pie £00LLB84 ﬁg&HeCSéggfééeHeQEde&éBﬁQH @95‘3 dertakes a

stances are assed on int a se

r Contdraita 5 ke FroondBASat |Aonp%3§/t n@a:ﬁ%ar@f from

W@ﬁ@rw&@@fl@@oi@&eéoﬁéeﬂéﬁ@@ cdh bhi $npebAlicefiOhs reflux
exa seous .substances can then be_transferre

P s fivaie  Bo neoRooh CaRC Rt CERERahger  ChReCOLum,
qukesr@a,t eit nig& hegubliypepcosivte heaEOGXChaége«éthScryllc
then in ro%qllége%j} nto.Lhe qistil Ia"i‘:tte:t:_y &f more than two
heat exchangers. In this case, it is possible, for
example, first to undertake a cooling by means of two
water-cooled heat exchangers connected in series and
then to achieve a further cooling by means of an

appropriate brine-cooled heat exchanger.

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

heat exchanger is then introduced into the distillate
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stream while the remai ni ng gaseous substances can be
utilized further or sent to disposal. The nethacrylic
ester condensate fromthe second water-cool ed heat
exchanger is then cooled in a water-cooled or brine 5
cool ed heat exchanger to & t¥hperature of |ess than
15C preferably about 8 to about 12C. This cooling
can | the nmethacrylic ester f d hav n a,

ST CalEryl G TRt oot SPEFRIE AHF TS e
M&iIEZ@ﬁséumthhnutniheenbrtesmmaﬁqﬁpkxmﬁh@gnetEpcryllc
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ase separa t hé organi ¢ phase (nethacryli
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aienls phase e ghyeAs teel b asmpahinud@Yodl SR AVehan
a content of organic congounds especi al 'y al kano
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f%{fé@e&a@ﬂegastbe@he]fkwwnrgcrﬂslcalerslaz'aeds/hﬂ@mécﬂ bleéjv1ngfg a
above referred to cle this mxture o
ant @ EEQREBIRES Bl Phract gL enalt SwBlia
(ﬁﬁeﬂhé|maaeOM1@mQGESSheycofeedpogdlng|nbolih@ ftest The
r tion The e o) e fed
SRILED Sallen 0 Thes eTBAEH oL omnLeophase Lo 180 phace
sccerswmtdam tﬂﬁer@lenth@r siviored anRlrse Th@eg}@@embe@ ester)
aguegMs, Phase wWRbah c heO RS dHHoE Urtnof a888his aPHase
organi'c conpounds, 25 especially al kanol, can in turn
SR mcRPl &/d uSBd WATET hePa s 2dEST riarle Hawe%r}terﬁ of
i Sradhiant ageawsuhdss , eceapatmane@sommkandbcycEeohhlsthe

agueo. hase back nto the ester ati o t
PR T 280, el A e SRcFRlS] PR R Al er ac
Sﬁaﬂi{aﬁﬂtﬂanvem,es£eabr©a@2 @es¢rbh@dteh@E©cyltomaY be

f%? é&atétreé &fe BXSC§§§§ ?% Qﬂ; &H@nofééﬁlc
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The removed organic phase is fed into a scrubber.
There, the methacrylic ester is scrubbed with
demineralized water. The separated aqueous phase which
comprises a mixture of water and organic compounds,
especially alkanol, can in turn in principle be used
further as desired. However, it 1is advantageous for
economic reasons to recycle this aqueous phase back
into the esterification step by feeding it, for

example, into the first tank.

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

such a polymerization is prevented.

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

methacrylic acid or methacrylic ester firstly have a
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esters, polynerization often takes place when

nmet hacrylic acid or nethacrylic ester firstly have a

33 lowflowrate, so that |ocal cal mzones can form

in which contact |asting over a | ong period between

net hacrylic acid or nethacfyPfc ester and a

pol yneri zation initiator can be established, which can

5 subﬁﬁgyentl | ead t ol ynmerization._ln order tQ .
pr&Vert: kb0l v igr i 74t on°B2havtalr , 234SS &yt psor™: 10
adhrdanhageousatt opkistiizg t lweesubst adeced | @eied t Hetween
e . fi Ly, e fl f.th
n@%EQ%F%P?%Cest%?Egr o%gfhenﬁﬁ%%g%ﬁgﬁf% agfé fé and @
spbiLiveeeheRyiRngH ndt isbest R ab¢ycaFRrPpoEhed i Whilkd can

susbeayhbat1{,hecpunber pelyrakmzenes.i s mnim zed.
Furthernore, it may be advantageous to adm x the

stream of methacrylic acid or nmethacrylic ester with
lsmht Q‘{3:|c%r15tc$t @békfgzler SSLfdlﬁ hpd hohe pokybRoh zdehaniosr, it

ar ge S ressed. For this purpagse, th trea in
 HEYp e AL HH ATt CRePB ol 4o 14 oY B EspEe TloW to
atdhexedfiieth sttdlsitd,i zefiscsuigh, 26hé hatlawm meem lodvelthe
0 Lzati k plagce Lp.th Lt.self.; 370 ;
t&?gﬁé%gEEEEe Sggﬁ&gfqﬁﬁe(%€anFHéinﬁggﬁékg %F 'ﬁc%d .
wakERiehenmevhadigh | atadwbdrantieal liet Rhér B O test ép  the
héytg{:'@ﬁletnéhé@_ hirgh ﬁlamgggt _r?{_’] i Qigaslndu&bﬁgspr:%ﬁf trifn trkiezed .

IStillation is supplied w appropri ate
sFRBFPRYBPES. FoF BRANPFe 29VETITEGSH8EN SFodiifito e Stream
\ébabhethacwpnlcy aridstabi hézracaylibeesaprofwitthe suitable

istillation colu tqQ.the stream of acrylic
egﬁablg%éﬁﬁsoffs%% re%hfﬁ FuP?% Froréo |%Hhas%%ee%argely
f supdréssee. advant ageous to flush those parts of the

plant in which nethacrylic acid or nethacrylic ester

is circulated with a_tenperature of nore than about
2Ber phéfelaBPSHi-t Hhe Slerprnat tifethf PROCEEFgPFSented

aheyt 28nt A ralptndidle RS Wihhxadsehivhi @ a8filizers such
stabilizer, in net?acr I|% ester. For  exa

e, sone of |,
U hBAE o RAGHEHIB bt &F b Ofn By Hrgazation takes “BIace’ in
the system itself. To this end, the part of the plant

in particular in which the methacrylic acid or the
methacrylic ester 1s present in high concentration
during or after the distillation is supplied with

appropriate stabilizers.

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

recycled into the top of the distillation column such
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exchangers, together with a suitable stabilizer, is
recycled into the top of the distillation colum such
34 that the colum top, on its interior, is sprayed
constantly with stabilized nethacrylic ester or
stabilized methacrylic acid.3%This is preferably done
in such a way that no cal mzones can forn1|n the top

of cohﬁgp at which there is a.risk 3
p i‘/%ertr Ut fetvacrSit i ¢t om&rerﬁé’frhacﬁfl j fpraye
esﬁﬁwtaﬂmayheahjjexcbaa@eﬂ3zéuensméwhacnyylc ester or
corr.espondi n e char ge ' i Lhi.zed .
DR YRS 8% 0F g IR b e ShED brgdin
szcdh aawawg vt mamon@alcmlmrmeﬂocmnffvﬁmmilmert‘ehe top of

Q%ﬁ@eéoluﬁnha§tah%9c%e%ﬁmﬂQ¥ngstQ Pfsﬁd¥§n%%g?%%§lbatlon

process presented here when, for exanple,
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pMWIﬁeeﬁatﬁylEﬁDé@te&OWﬁOUﬂdﬂhmhlwhycaﬂmhﬁ menostd zpnes
SO|Id or_i.n I uj fornl Secondly, these are
c&??eé?mlh aq%e Fal poi nt 20 and can be sent to
further utilization or disposal. The nethacrylic ester

r{%&d an dhepMMA obtahgedebn pd heaoﬁ%r@aagé&pgl Q%  the
and t

subsequent repurlflcatlon
REIRTY | PEC BRI HC@ ST e A Hr e %%rém%?y SRAt 0259pEes
a:cfrhﬁﬁﬂ?fng} I QAIBIH mEEh@xQ&éeffférﬁatpMddBﬁi@ t @rbﬁesses,

dilute d t

SBAGEE e SBR ATRASe be S Tt abFartRephroush
Lﬂhé|eateomfleatPoap@mdhuxﬁwgﬁthérthethsmémam ofnt heis
e, | Dl BB GECAS, AL epenbadehalg, gr#yee&ttan&g%ve

thé présent ‘invention can aI 0 be “use
commiidm whieh &3y oeesgeforvepr egur eyidgor in liquid

RINACTYLiEn ALy d Pheda BRENAGIMIH G LBtAT 2 a8cH8811 PBdnt
in the process el enent which follows. For |nstance

ianbrGHEiRR St U T e i 3 1d 280 PTo o EriRRSaL -

net hacrylic ester can be

The methacrylic ester obtained or the MMA obtained in
the esterification and the subsequent prepurification,
or the methacrylic acid obtained, are subsequently sent
to a further treatment. The esterification results in
dilute sulphuric acid as the remaining residual
substance, which can likewise be sent to a further

utilization.

Prepurification of the ester or of the acid

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

subjected to a further purification in order to arrive
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subjected to a further purification in order to arrive
- 35 at a very pure product. Such a purification

whi ch constitutes a further process el enment can, for
exanple, be in one stage. However, it has been found
to be advantageous in many tases when such a
purification 5 conprises at |east two stages, in which

case the | ow boili é- t|t e %s of the pro %pt ar n
reoved iFYa PR Fst p%f) pu |f| on’ aP HeserThed her&®

Tooh it Stenes acfudEhﬁEtbaocybsceésmentocannud@r example,

1 h
B T AphE Afuts AR IR [BIS! el Bound to be
c@@%@mtm@s afid WaREY cems®R MBSy eBUChT R ¢t mugléﬁdratlon

té@mﬁfi@@s Wsthqgaﬂtl CoRSt BEab8ssent tyhiah disdd | LALI gy -
col umm, whi ¢ch case the ad ition is perfornmed, for

@@%%&f&% CPﬁSttHéuﬁﬁlﬁér Pal £hf RIRFUG| GRA. TRROVES uti 2
bl +om beepaat €dcuktbnsteamnieforidsdd exatpl.e, Td ntBugh edd,

hat L] -t t f hout _ 120C.
e e R S S e e S e D L AR
rmmhmmibxweﬁsﬁdestﬂmnmuessdnetwﬂﬂhmnomt&DbﬂMunmnlwhlch
t%@ Cfégogé%ibﬁg %Eﬁ%tl%ugﬂﬁfer f%e CO &Ogezgemoved

ressure wt
tte thie @rldt,hc,ﬂean@w@e pm@ﬁbaﬁwﬂflabme@o i abeutto a

300 ther o Abn t hey1teih of ibheyweekumgthe &&w té@idl't%n is

constituents _are removed. In parti cul ar, ese
RET R e, ¥ S5SEEREE, adbt ORBC anORAE hyt tor g o the
Thel wapourieareolilen ¢otdensedsbyhamans of chnestogampr €or
heat chan ers., For a been ound
Uset - T'n & ﬁ%ucaseswa¥|?ﬂgkto pe%?o?ﬁ1 ergn 5%58 |8%0ut
50 meansabputwol Mt @r -icoekbdeledt eXohamgerisfication is

i | Y, O i
n?éh nd&t dM Eeséﬁr% Thef g;%@éé% ure within

0SS e to use on y one h at exc anger
FerntCoe hat tek changers ahe Bﬁ‘éﬁér &Bl préﬁéirabéa apgut

@!bdlptbgabo@‘tat@d Qrb}Er €BBE b&@sfsmw rettehdNdchd column
RN AL R T N
Zﬁbdlmummted downstream of the water-cool ed heat
exchanger

At the top of the column, the low-boiling constituents
are removed. In particular, these may, for example, be
ether, acetone and methyl formate. The vapours are then
condensed by means of one or more heat exchangers. For
example, it has been found to be useful in some cases
first to perform a condensation by means of two water-
cooled heat exchangers connected in series. However, it
is equally possible to use only one heat exchanger at
this point. The heat exchangers are preferably operated
in an upright state to increase the flow rate and in
order to prevent the formation of stationary phases,
preference being given to obtaining maximum wetting.
Connected downstream of the water-cooled heat exchanger
or the water-cooled heat exchangers may be a brine-
cooled heat exchanger, but it 1is also possible to

connect a battery of two or more brine-cooled heat
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or the water-cool ed heat exchangers may be a brine-
cool ed heat exchanger, but it is also possible to
connect a battery of two or nore brine-cool ed heat 36
exchangers downstream 1In the battery of heat
exchangers, the vapours are *oridensed, provided wth
stabilizer and, for exanple, fed to a phase separator.

Si th I

SRS oh AL G i spaecdthe oS teretY o S hear
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é&%&’é@sﬁhiéh%@&@%ébh)é BeYesed idH Gt heedi r8d a further
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keenhasnbzed webbrsbaH|MHume iIn itshid hoss@psshbl equeous

firstly to eff ] rev i on ca
ghé% Secondl§§é§%€£%}gsenggg%¢f§ﬁe %Hgéabl g%er tlrst
s reyst bt idurtdrde. suppressi on of the

pol ynmeri zati on tendency of the vapours renoved. The

condensat e stream obt ai ned from the heat exchanger
i dREP G PYIFREF PABFG BT REdARi FREYBH hEFg g‘@d top

%&\Mﬂéﬂc¢IUT?ﬂﬂB?P@@dgthﬁé éﬂﬁéﬁﬂtephasepaéﬁthﬁgturn be
act | can_be ieved in ~phas ator, The

%ugocsﬁﬁsﬁniéﬁmﬁ?ﬁFr%ﬁaFﬁ 'ﬁﬁﬁ t %%ﬁ?ens%??oﬁhe
|prrmftm%& extlmangesiba¢t ehy maypvedOopgehiécabhgspyis a
gﬁgﬁ? = Ol nIEGRAM AL CELALS ASmigdyced By eéé%?lléer, it is

nerat ors, be subjected once again to a condensation
Hhumareoosilbhe orflafﬁiaéwurttqwereﬁw@qm@(bhan@é%enh the

has-haeinhd owndct Pmbecadvantrgepus f ortnee ce of the
reasons. when _such a postcondensatlon condenses 35 ?ot

AP e Has EFULFUb S Eles T dmSthe Suppression

polymerization tendency of the vapours removed.

The condensate stream obtained from the heat exchangers
is additionally preferably admixed with demineralized
water in such a way that sufficient separating action

can be achieved in the phase separator.

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

as obtained from the main purification of methacrylic
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prepurification. For exanple, it is possible to feed
further gaseous substances to such a postcondensati on,
as obtained fromthe main purification of nethacrylic
37 esters. The advantage of such a procedure lies,
for exanple, in transferring’such a proportion of

nmet hacrylic ester which has not been condensed in the

mai n purificatiqn stage e via the se. b

(BaDeBUL L et hARaREA0R, EC TPk { | rateabie 1fes, for
perpupléj cation. trtardsfdrinisiensaued, far qumnecldsrhat of
mg@éég‘rz tl ons%ferylw IZl.dC al'rl] tak%tpl aggn&g%%%n}n the

| 0SSes © acryllc esters occur. reover,
sruaiabl euselfecat@nnof stthgedesigre anotrée vper athen @hase

g§§@0£urtq§&3he% exc ﬁ?g§5§a§h59“5 ngumn in the
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e&%ﬁ]a‘ﬁ@éfkca‘ék%m 5|t| ¢S ttiirél&*cowl%we@f fetw Bsprels, tdat

be agi-tistietht iOM ngt oyt Begf eadi NG a0de WL BEel Naddl® minimum
V\;g(ggurlflc tion of 1S.the nethacrylic ester, the

Fe8onPEnt "PRPRAEY LSt ePPFRESE | OFCHAd t gTreover, the
cgntemblatsemeetlbaMthl&m@gdeemgatmﬁmbnt5e|npéhetlon of
crude ryl ver.al n S
o is%uoldg herI n o?dérgﬁgng?g\ijenblf)ﬁg tﬁﬁe %Om§r)°Sltlon of
atdlvantoa?g?@@@s leadisghdriys s olmeasf @h@h&m@mfe¢8@@cz@11y

Ttgﬁ e SYSHEM @%foio&h@oﬁéf@m 9rid exably- gonti nuously.

IS dISC arge can in pr|n0|p e be ef ected, for
exanpl e, in an order of magnitude in which water is

f@ﬂlng ocd hensysteaihg bbewﬁt@@U Rif ic@at beepulhe€ idgueeus of
d out in the phase se arator tﬁglcallythe

epar at
RS watRar Rk fe o Carban ¢ ey
témﬁeiiﬁin&ﬁﬁomdwaniagﬂ&usdamdennraﬂmanHﬁbr1@@ &oiling

f@éﬁ%@lt@é@@%’s% Q’HBF ikl 'nfe%%;}]{”ﬁeffﬂg&f?ia% overall

organi ¢ su ances or exanpl e
atvra e Bge ousn WO wWat B £husrdse ‘é@npaﬁVﬁateahWSbhlt may

oot aQ&GaﬁHQ@&éﬁg esd L d:yd heomEoBRUSHON LhabeE to
in a sul € uric acid cleavage process. OmMng to the

dxieli $upFemcoRst ifudhts, SYF5em o aPEFFFFEbYH| GENEARIOUSLY .
stihdd beisdndiged ain| east paihtyplel npaddififeared, for

pOSSIQLg eﬁgenSIgﬁdgésggsmagnlthgg %gtgkich water is fed
to the system in the prepurification. The agueous phase
separated out in the phase separator typically has a
content of organic constituents. It may therefore be
advantageous to feed this water to a form of disposal

which utilizes this content of organic substances.

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

avoided.

Fine purification -of the methacrylic ester




10

15

20

25

30

35

35 contam nated with organi c substances is thus often
avoi ded. Fine purification of the nethacrylic ester 38
For the fine purification of the nethacrylic ester,
the <crude prepurified nmethacrylic ester is subjected
to another distillation. ThH% frees the crude

nmet hacrylic 5 ester of its high-boiling constituents
with the aid of a distillation colum to obtain a

pure nmethacrylic ester. To this end, the crude
nE&haﬁhglfﬂnespeflEscatmbﬁodﬂcedeimbahacdySﬁblbatb@n the
colu somet | nto t he |.ower

PEACT e T [ g oo TG hecdrry The BUEHRed o
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a0y ESLen 01 ¢ ARREANS Lo b SULABLE, Lps oSt aia of

din as been found t
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r@é@éf' ngpredust ahen the diestigel ahéR260LUNB idster is
agg d with one or nDreéggcklngs ich corres ond

?ﬁﬁ%lﬁnFS thet BFE bW hg° e nt§°m% mes into
FRitst Lywepusiallfi kel nat henoeheknowiescd | onede t BkOUGEA in
Qé% nethacryllc ester, a mnimmlevel of so-called
ad spaces" should formin the colums. The dead
spaces |lead to a conparatively |long residence tinme of

ﬂf HEEB?HXHSneEB%ﬁm Wi Chlrp dﬁPPﬁ&?pierf)rgéspond to

ynerlzatlon This in turn Sto expensi ve
p@@ducci@wrs,hm%s aafrﬁﬁacnSearﬁOng kst e t@bPoprticat §hose
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TR S el | BRe S e nben! e, WhARS DY e
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g%#%%%ﬂ% MH%%]ng 8f<§Pen£31“”ﬁgcQPQgSSRﬁﬁxﬁl'%EQEe%B%nd

internals Slch as S 1s”achieved
i IRRErrcana ttdley dobd U ﬁrmylmav@ smcaylwr@‘e% whi ch are
designed for the spraying of the colum internals. In

35 addltlon the columm internals_may be_connected to
dherstly, just like in the other linés flowed through by

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

may be connected to one another or to the column via
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anot her such that barely any dead spaces, or better
none at all, form To this end, the columm internals
may be connected to one another or to the columm via -
39 interrupted adhesi on seans. Such adhesi on seans
have at |east about 2, pref¥fably at |east about 5
and nore preferably at |east about 10 interruptions
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ndeFaces . t enpePAELR €5Y andof ar geCEvRPor at PERTEGLFaces TUR
dub Dgoh gl 1 eVaperatéefmpléd, Meyebesagdyantagedusopén into
t%%S coE%ext tgat the amount_of liquid_in thg colurm11

bott offhBkeSTupT IS KETHHYE D BBobPHITUF 591507 aNG 1 1Y
poef eriabl ywrahbionte 1s2bfaced 0%Robthke tiedum@moway cbnsist

nﬂhaigé%éir&: esgk?é 'J}nc;lﬂ'& %‘}4 unn. uy&e %g%lérc%llc ester
propose TP thi's par agr aph may a60 fin use’in the
dbsesentat iontbe wetlhaer yatdoatiak 1w aperpafFibileadivging

c%héhé?gﬁi@ﬁgﬁy$fctﬁét@6&uﬁﬁ§ bhghsd8ohali B8 preventing
constituents are segarated fromthe product b¥
PERTIFAE IR, T5 t kP4 Send@MOMURE courmSBbts onPFs FedFEdte

W dp st £amte Ihenfot bedet epgicatayien SsprBfesabliyrahguihe
50 to about 809, I n_particul.ar %bout 60 to %:aut 75C,

evaporation. t mag be " advantageous 1in is context
that the amount of liquid in the column bottom makes up
in the range of about 0.1 to 15% and preferably about 1
to 10% of the total amount of methacrylic ester in the
column. The measures proposed in this paragraph may

also find use in the distillation of methacrylic acid.

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

with wall temperature of less than about 120°C.

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

a heat exchanger or a Dbattery of several heat
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with wall tenperature of |ess than about 120C. 35 The
material obtained in the colum bottomis preferably
renmoved continuously and cool ed by neans of a heat
exchanger or a battery. of several heat - 40

exchangers to a tenperature 4h a range of about 40 to
about 80C, preferably about 40 to about 60C and nore
preferably in a range of .about.50_to _60C. Thi s

ererr T anlen T o e b Rarerg h eyt 80 £
esbeut B9ECOXpireGbutpilyc adsuer 40methagryht c60aCi dndndore
SLEDLLLZET, COMPONeI s &5 SHOSEHIENSVs0ota @ storage

or exanple,” di sposed of or sent to another
use. It has been found to be advantageous in 10 many

cases Whepstdve St eri gl iobt ai nedrigiithes col yragohehkem y
is recycled into the esterification reaction. Fgr ,
dralnprerythe fBte¥i alYRreivt ABPebYthf BEEEEm rethacrylic

r&@y@|§ﬁdi@E@bﬁm%zEkg&bm@ﬁﬂ%ﬁﬁéxﬂﬂé(EEFééQMeﬂ%ﬂﬁ, via a
gives rise to.the_advantage that, with.a viewto a
VTSEA%E cdasiical T vidt ® et nouoHRASd i yORi gieE £
yambicher r ebat i Vied yhas giveleoi | fowgnd ohpolrrdsagvasenmgedws in
t ol re el ed | . .

erg%efi fcilécga%tsi g‘gﬁérrgggcthl%o'nr.ngg%&%%ﬁe C%%gpa 0 %?fhénco kherm,COJ_“len
thet tast hdér yreeyese@r 20 puEhfi PR i itatiqn | sRargion.

whdhdeawmoard coolechaderinBansreh ameatol¥RANGH N is
a battery of two or _nore heat i%changers. Theggeat of

tFRE rinthe FrhevedStBYihREAEIoR WaPEr - (BoFedives
heade exchabpger sdraiadeanhaef, Withe-xoolied heat a very

exchanger r hy. ans of .a 25 coybi_nati of .the .
BRI Ce%]nloyf Ol,}ynlda 0 bemeutshecfoﬁl 4% s‘:’loné"e(c':)If seélf?g‘enw%éd'
viggploatr v Inon i die- lokb 51 1 hdy acpmpourdd upnesget t tansher cedumn

iggéﬁéﬁgié%&Jgﬁgyéfgﬁ f%&@gg&g&%mé%ﬁfﬁ%&é%%ﬂrkeaction.

par are operat y neans of water
cool i ng. The uncondensed fractions fromthe 30

vt ergeool esh hest exghangsismsan, ther fRxeARtey1be ester
L oicrd U0, 2. bl e, cool el heal pEhandst oL e by
means of a heat exchanger or a battery of two or more
heat exchangers. The heat of the vapours can be removed
by means of water-cooled heat exchangers or by means of
brine-cooled heat exchangers or by means of a
combination of the two. It has been found to be useful
in some cases when the vapours from the distillation
column are transferred into two or more heat exchangers
connected in parallel, which are operated by means of
water cooling. The uncondensed fractions from the
water-cooled heat exchangers can, for example, be
introduced into a brine-cooled heat exchanger or a
battery of two or more brine-cooled heat exchangers,
which may be arranged in series or 1in parallel. The
condensates obtainable from the heat exchangers are
introduced into a collecting vessel and sent to a
buffer vessel by means of a pump via a further heat
exchanger or a battery of two or more further heat

exchangers. The condensate stream 1is <cooled, for
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whi ch may be arranged in series or in parallel. The
condensat es obtai nable fromthe heat exchangers are 35
introduced into a collecting vessel and sent to a
buffer vessel by nmeans of a punp via a further heat
exchanger or a battery of 1 or nore further heat
exchangers. The condensate streamis cooled, for 41

exanmpl by nmeans of bat of o or tmo
T hca Yo b PR eFE dhdPREeEY (o BPFneToonlay vater-
headtleéxbbhangershdognartoandt enpepat twe briaerawgdedf heat

D9ehalest? BB 206 SHELSANL Ao Dehgrbelbala o
p@@té%xnean2©§Cmnmh@ﬂ%mﬁﬁﬂmbnabﬂetc@ndeﬁsé¢@U§tre%ﬁ$ and

aﬂgréspfggéfeﬁﬁy'PﬁoatP§n§éS$f|$56uE"QC@@”ﬂ@°d'a t he
top of the col um. The condensate stream can be fed 10

into the top of the colum in principle in any way,

fﬂrpaQ&a@ﬁEémﬂ2ié“§1£h@ﬂ&@ﬁsferMﬂMﬁ,cbhdﬁﬂ¥ab€ stream
advg\nt ageous orti.on Bf_ﬁzlcondensa e stream

9131 dd R YT HE vaBbar 11 he ABbYE EReCRop W Thel 1 the
cobpmof tloe exdnpine SDMayeﬁn@mnsbmelssatsampceheﬂmedfed

X . t oadl e biLi .
T
c@h@@mhgte'Vh%en@&ﬁ&ﬁﬂbuﬂ@mychIRPWQHQ¥¢heJGOIuﬁﬁY be

CAlvahOhgE538P8en PE BHapebRdor20naf Eohhtaskhe \_é,eeeafn is
i ne before i ntroduction and. be |ntroduced glrect

i h2d ELRECt dpeofvaRRi ol tm. 2ReVe t6o0,E9R ?% pher EPtegn:
thet thhspieedprgyedt iaduces istabidi peefeéntedt bratophis
e i,ntrodu i nta the to of th
O trEoniEe dEhEotPRe L 1 Al Sa1edl 100 She! BE e
téelwmeri or of the top of the colum s sprayed mnth
t he condensate such that no calmzones can formin

the top of the colum at which the nethacrylic ester
cfan fpaitiesr ipREt 12t rRAM a@di tiomacrpdepsaigy aiterfedesd for

t@e@y@lﬂl tabidizes £oruphergenti per38xRRAbYEEr béabikBAched
to condensate part - strean1mh|ch is recgcled into

(R P, TP SR Thel Hofe Pgigire introduction and be

introduced directly into the top of the column. Here
too, it 1is preferred that this feeding introduces
stabilizer into the top of the column. The introduction
into the top of the column can be done, for example, in
such a way that the interior of the top of the column
ig sprayed with the condensate such that no calm zones
can form in the top of the column at which the
methacrylic ester can polymerize. It may additionally
be advantageous to add a stabilizer for preventing
polymerization to a condensate part-stream which is
recycled into the column. This can be done, for
example, by adding an appropriate amount of
polymerization inhibitor as stabilizer to the
condensate part-stream intended for spraying of the top
of the column. It has been found to be advantageous in
some cases when the condensate part-stream, after the
addition of the stabilizer but before entry into the

top of the column, passes through a suitable mixing
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exanpl e, by addi ng an appropriate anmount of

pol yneri zation inhibitor as stabilizer to the
condensate part-streamintended for spraying of the
top 35 of the colum. It has been found to be

advant ageous in sone cases %hen the condensat e
part-stream after the addition of the stabilizer but

bef epLry in top of _the c asses
§ uéSu ?a%?%r%g%ngg- 4t2atlacppgr%la us’, pr ef er é%ﬁr to
aashaeve MEXEr unulrfoamdethstto:lmmceveOf/etyeumtﬁbrlﬂnlzer in

disLribhala0a oL phecstabibhzer in the condensate

part-stream e uncondensabl e gaseous substances
whi ch are obtalned in the purification process are,

f@ﬁeeﬁﬁﬂ@héen§éﬁletQas@bﬁ@oéﬁbstgﬁ@egrWﬁ@cﬂr@Q@Cbbtalned
resggF the buffer vessel is kept. 10 with the aid
i A

ot G LA PTRAPET aftfe <§Pr abottP tosent to
aﬁD@poﬁﬁr; preferably about 0 to about 15C and nore
preferably in a range of about 2 to 10C. In order to
renmove any further inpurities fromthe 15 product and
tBhar ervéeaproducappre sanky [imethmcryf feesyesshe is kept

P@ljfxmtth%an ?Jis%fbe S erféegobgfﬁ?'n Absar pEéﬁ{ﬁerature of

ication stage. It been found to be useful,
f@@ou%x%n’ﬁ)@ e2bGHEN2PRE, poFefpraRlZt 2RSUE Ah&PeabeRtall5°C

| 8288 tmoe POFd f &Py the PUFends asitICibols PuEd fiedt.
further with 20 the aid of a nol ecul ar sieve.

Particularly acidic inpurities, especially formec
att d drateredtbn téeover epar affuanhprocessyurcanes hussdme the

RS hd ShaRr v Boah PabRatkslogtheRy ke FReER Tases.

dases mmlqthecmlod@b$o 2%sst peRiecaPter tpasyi ngbsorptive

thiouaie 4he,adsosfl | Ve PAET ELERT EQNNat 88ebeali8@Ful, for
passes t hrough one or nore filters in order to renpve

aﬁ’?&a%ﬁ'dsw%‘?%séﬁ? PHr?hé’roﬁt‘JG&u@ts BOINEE st PEafE 1east
osbt;&bftepbm No £ heh MO KHE g@wﬁcse ipr gd@rﬁmaat Eytrther with
RlTEL e comounde, I Grdel, (Op % LR actase
impurities, especially formic acid formed in the
preparation process, can thus be removed in a simple
manner from the product stream. It has additionally
been found to be useful in some cases when the product
stream, after passing through the adsorptive
purification stage, also passes through one or more
filters in order to remove any solids present in the

product.

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

process presented here, a part-stream of methacrylic
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,the formation of cal mzones, it has been found to be
advant ageous in the case of the process described here
35 too when the parts of the plant which come into
contact wth nethacrylic ester are constantly fl owed
over with nmethacrylic ester43|h a further enbodi ment

of the process presented here, a part-stream of

nmet hacrylic 43 ster i.s_therefore w.thdrawn

GORRSE 1 dim DI THE B FeF PO Bel CBIE WiFeY i SRSt Rt fer
adssspli Vieupurupscataon oSt ages | mdyadgst e beudifsited ion
0 he to i ons ,of h e a S L
Cafaoh o S A P8° o RN PR R R P B o
cohosm. Tketpr edubienasirai nethiah t hiealair i BPcathen stamgpairs
| SeofHPSIREoh! yndl AhdE annaf Lom LheuRurification stage
Wwth a Tenperature in a range of about -5 to about

20C, 10 preferably about 0 to about 15C and nore
pﬁﬁéer@%&uw @%tf@ﬂg@dS | ofihzabcmte 2 ﬁ&ilﬁ(éatﬂddﬂ Ew‘trs@epf is
t he, consuned aci, n e process present.e re, it.
AP BEISHT DAnN b h AR T FAREI 606 od L ear TpAbeEEs i th
eh enentpertat uswbj £t at heangonstinmetbcutd phér it agbdut 20°C,

obt ain in rQcess i ficat i 4 :
SEEEAEEER|D, S05,P1 PCESSal .8 2BUE RS L0 dehl i
thi sanas et f@poekarpte, 1&°St ream 20 conpri sing

consuned sul phuric acid, as can be obtained fromthe
esterification, can be contacted with steamin a
fEripphrd veSselle oanewped acdne, at | east sone of

the solids present can be deposited on the surface of
the ]iquid, and these deposited solids can be.

SER ot A chFos?Rh, PRSRERDERO LSS, S e Rty ob 1o for
cexgigpked in @& hbatthexchangess prleferdbl ytad shbyater the
Cé%%%&%bdcg%hﬁﬁuéﬁg e&?ﬁycgggakgga PQ? €ﬁéerﬂadé§é°€o a
reaction. I't has been found to be advantageous In sone
crsest el o0 inorqusiiont ¢ s spheeaead lin X¢@&yHeat 1t back
exgh@ngges Bl dhe GPOLhNE agkieOn dck | SRsAYEd, f HI heleam
by introduCing a mxture_ of water, and organ

COPMPFREHILT aSOBBYAFAe §UBPRUSECUBS I 13 t &nc B obtarined
theowsties i k€ati ONchBidbhe can be contacted with steam in

a flotation vessel. As this is done, at least some of

the solids present can be deposited on the surface of
the liquid, and these deposited solids can be separated
out. The vapours are subsequently condensed in a heat
exchanger, preferably with water cooling, cooled and

recycled into the esterification reaction.

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

cooling of the acid in the heat exchanger, this
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purification of the nethacrylic ester prepared, into
35 the heat exchangers in such a way that the tops of
the heat exchangers are sprayed with this mxture. In
addition to the corrosion-reducing action and the
cooling of the acid in the‘H%%t'exchanger, this - 44
procedure has a further advantage. Material which
shemBeafromLhe estertiicatian ta m xlure.0f yaLe Al
p? edont nant 1'y y nét fidno i S recycped I Ato
eSteni f Fbat | estprddésstioget her wiidtwhe nefhawegkirc ®nd
a@@a@ﬂ%@{iﬂgcr YheEngaleh St Ng-Liou &XACtLYbhi S he
ocess the stripper, the above-descr
f¢%¢%\ﬂ%hcata$%r FFIfs@ur £996t e dwhhl SE1§ deethpcaylic

theid ahemyalhadhese aé@téﬁntst"e&n@mﬁj f@fdnheéxé@@l?r this

to disposal ossi bl e exa
i P et teIliot%‘ﬁeSFE BPFantf‘?iexF%P eécéllj%%é otation

pd Bfbr&nd hegeceréo obtahﬁlsulahdrleoaad@ agaifieand tihair

order tp recover _sone of th ener gy ed in the
Rl TR oo S giSootey Lohporith oliai R ©°

idighesalls dtrippi ppsaridlsent foo &wﬁmpMQJm#ousaogmerate
0 T t .descr v

a0ceEttling IR ELED, oS IR It g0 Ak ORce o
rRiterinal Sflrl@mrﬁ@ RS @r iagedar i éﬁdprldhe§§d?ﬁt otféxa@F|oyer
tdiife EOCESS &HrAP SO De Pes frdmess for exanpl e,

twice for reasons of operational reliability. For
instance, the two or nore flotation vessels can be

edl afffeetddnsddlee. gSiseoes Sobmdsundsn se%ﬂéfnemn ﬂn1 the

PRI A% T R Ve e ST e T

The aforenmentioned will now be illustrated in detai
‘MHJ1ﬁ?&ﬁfe@%%c&Qb@@“HéEé'BSrd&%Wb%9§gaQQﬂ%%ﬁﬁpfﬁ§n the
The schematic draw ngs show. 30 1 pl ant system

fcé?nﬁﬁ%f%@gﬁﬂar i3 An TSt 0dE¥s| ﬁéjCYr?éth@cr Jrtetacid grom  the
r@ﬂwlﬂﬁ&tah@&ﬁyl pecekisy. iRt o a flaattl f Othpsepfddss can
eton o anqp drkf

rme for example, twice for reasons of
operatlonal reliability. For instance, the two or more
flotation vessels can be used offset in time. Since
solids can settle out in these wvessels, it is
advantageous to remove them when the particular

flotation vessel is not being used.

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

The schematic drawings show:

Fig. 1: a plant system for preparing and processing

methacrylic acid or methyl methacrylate,

Fig. 2: a plant for preparing acetone cyanohydrin,
Fig. 3: a workup plant for acetone cyanohydrin,
Fig. 4: an amidation plant,

Fig. 5: an esterification plant,

Fig. 6: a plant for prepurifying the ester,

Fig. 7: a fine purification plant for the ester.
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Fig. 3: a workup plant for acetone cyanohydrin, 35

Fig. 4. an am dation plant, Fig. 5. an esterification
plant, Fig. 6: a plant for prepurifying the ester,

Fig. 7: afine purification plant for the ester. - 45
Fig. 1 shows the preferred € 2nents of a pl ant system

1 for preparing nmethacrylic acid or nmethacrylic

esters and their further processing products. The

pl ant system5 1 has various plants connected to one
anoy her sksoas| yhei praférued- edrdeotengfmanpérngs system 1

hi a d
cLofren, é’%anéf{% meBHALEOL s I ol Ot Yot AL pEL VRS cors
aied O’F\]@ewaﬁ@ﬁ%?rnpmwaslnsoprpélulcéﬁed Th Plant system

aﬂ1H§E|Q%r@$u§C§iéH@@ b¥naBctBd to one another usually
esterlflcatlon/hydr sis 50/50a, follo a rku

U e3teblbt r@?ﬁﬁk}??{?@ alPa"66, f6l | HEP StuPfr by s

asydtame. pmhhél@&bMQnéﬁbtéﬁtEﬁcMﬂﬁéﬁ bhete&bemyanohydrln

usual | neth t r or thacr

;ﬁ%ﬁﬁﬁ% ¥é0r 23 3%FS ege?%u BPa agcgﬁrkup
b@OsenfolboweQS bwrther pm@d@ggpng ﬁbantf8@lowsdfuby an
fé%éé%ﬁff%§@§§§ {é §g bﬁs'u%%ﬂﬂ6 31} fuga%orkup

nerizati on ara us an reactors for
oﬁ@an@%t%a@r. ‘@ﬁ%hacl-’lﬁl%ﬁeaﬁéiiyﬁﬁm fatlﬂeweﬁiea@t skgn by a

pel yarephasryl-atesncany, be miepangdeh arthe | dstde, usually
reactors fo%@%%gﬁnlc 20 reactions, the npnone

G e TR CBFv eIt 47 YT t REF-Cor GaniEeoent -
cmﬁpqmmds edberfputdesci@r ohessbhgaphadt can bkhesent to a

g%ggéﬁpgg?hﬁg%%rt er'ﬁé@f&lfgh ﬂ@g %%o%e881ng

f|n|s processing produ
a.ﬂeazpm yrm&fs ofinwdtuskeer ylire agadtgroudBimet padivyieird zation

ﬁ%fét&?pgﬁﬁmfééég&ﬁ¥lfH?tQQg@Hége®rg£H§¥ deBctions.

processed further to give fibres,

CONpEEPL i MY MBSIRRT T y TEAEHETSS, @@1%6 Chagpelates can

i onphibarparnts and, ot her newkd di Resdeyrsul tabte organlc
%ﬂ¥ nent sucqﬁss extruders bl own-fil m extruders,

i NG e hi B S nidtéHh SR Lhen be
Iddﬁweﬂﬂedukhilﬁnrthhe pbagtnsyst esmdounmdsranyrieasésirther

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

Reference Document on Best Avalible Techniques for the
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conprises a sul phuric acid plant 100. For this plant,
all sul phuric acid plants which appear to be suitable
for this purpose to the person skilled in the art are
35 useful in principle. Reference is made in this
context, for exanple, to THE in Chapter 4, page 89

ff. in "Integrated PoI I uti on Prevention and Control -
aIflt £ fer enc D?J Best val i ng Te%JP1 chaS_Ls _
f'or lf%ae a?é:tgl?re 111_%? e-Vofane* Fnorgan

Chasndcie s AcAﬁmnl andci Esraaﬁlﬁersél [ @éts'inabtlal na(blae the
V] E nm 0 L p | ¢ pl-ant

e R T e Rl PR PR P A e
i ¢eRgrleed 5tphed agerdne Gfanehhari rplmécﬁar atP®Bn IPEtipgice,

SHRP| & &k Yhe hcy&@@l@ﬁ@ﬂﬁ}ﬁ?eﬁé&@@%hcz@CI:LQ \é'u@ died with
sul phuric acid |ine reover, a further su ghurl

LG R L b PULBIUB EWESH S h’Iél%uF‘pIﬁHflu&h%rcd Fadt Tine
100 mdfebhergm gatfait he40. stphdrgut excsild pEuhec ACktkists
so referred t 10 " nt _Aci d" om . .
RSt chiforteeiinit: srod P 0 44 *Phantns, pnddpgion
t4ﬂs sullghudiid udei dsplahtirl®0 athdoughse herdfieresed orto  as

ul ul C d n I r|
nt 10@@?L g?‘f;ht eé}sll%ll d?wurel%:{]fa%él%tel%gnp%}] %ﬁ%gqysm
Lﬁparrhésmzk@rps&rx% ol uthesmbﬁmhq@qsaaéfid Rlaithe 100

eéﬁle&dgad,tﬁ@rwﬁégpk@r aped@sFuiRetdidit WA P2 230885A 1n
or. WO 02/.23089 Al ener al ,

AR ARG 1474 4 HoL et of (41 sCARi SRLGrE SRARRHFAF £6id
tdmsebsklvddreﬂad nup heTaét vzmdqﬁgppeﬁr tth@ b@llISIUdEt ahﬂphurlc

for. |cuI ress .
i 5t ai n?‘ess steel©Y I(%h %nf?s]ft |n F cu ar deIriE‘%IelBeaA

ek epti20ds dcli d eesi Y¥Paneé23T8e Pségl orlsn of geheral, the
Fe{Jlaa[Htss Wﬁkéh 81 RN L& \e‘,"gBH sulphpckeaghd afthch are

SpeCI al concentr at sul phurl c acid are
F it l@ﬂr’aw@/ Fhﬁéa &hd 1pest et et Rtceshigppear to be

nRtiefdles 200 tPleasStag i cn aaddistireRselshe mebbackyl i €he
aci d obt_ai ned i n the net hac[rlyl i.C. CI d I ant 50a ¢

can
FE S A at8 FRATHGSA | EEEE] ti yg? Particular
maemrefcceptwnaﬁo aditd haslataﬁcbeemﬁ@umdgtmbe of the

ﬁ t%h%d%.aa%%gbbggﬁg%ed with sulphuric acid and
espec1ally with  concentrated sulphuric acid are
additionally lined and protected with ceramic materials
or plastics. In addition, the methacrylic acid obtained
in the methacrylic acid plant 50a can be fed via a
methacrylic acid line 6 to the prepurification 60. It
has also been found to be useful to add a stabilizer
indicated with wgr in the acetone cyénohydrin
preparation 20, the amidation 40, the esterification
50, the hydrolysis 50a, the prepurification 60 and also

the end purification 70.

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

23 which, in its upper region, has one or more cooling
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indicated with "S" in the acetone cyanohydrin 30
preparation 20, the am dation 40, the esterification
50, the hydrolysis 50a, the prepurification 60 and
also the end purification 70. In the acetone
cyanohydrin preparation 20 shébwn in 35 Figure 2, the
acetone is provided in an acetone vessel 21 and the

hgg%ggxegl (\2 aci gll ner%.eh %Cy%r% as{ ov\éneszﬁhwghchl r§ecem

acetone vessel as a scrub
i fsoupperiregi bhanhas ionéher plene sositieny Mbpeei gémgrt She

Zécrﬁbﬁfﬁ%;esc&kloffzgas hOeS 23 oMY ChSIARM HEem 5 150p

various prants in ant system 1 open |nto th
sé?ﬁﬁb@ﬁg2§oWéﬁ Z@e'ﬁﬁ?%ﬁﬁﬁ(3%@@32?eénﬁn¢@€ahxﬁﬁ9cyanlc

rgachoridb wha hiheraecehone feed 2¢cand dde BYFhQEYEAIC of
5 aci V|a t he hydrocyani ¢ acid feed_28. Downstream of

t HeS WS QrARYE actal fed@oss & dispdseRcscpui PP 29,
f b1 boweed i nid urtuzdy &ycabéﬂ yatallged 288e@dhizhoi svhich is

f d.by a_st m xer 21 Thi |s follo

h%%iﬂég% a%ger f%f%&lcﬁ Hhas %l%en “of* ?I%ﬁrﬁﬁweg By a
resist ansebal2gy8rand it Iwh$¢honhasoomlupériE521df | £low
thes1Qopdeachon 2 Lhe feacti ghema aciﬂrﬁgcométm In

acet one, % rocyani ¢ aci d an
c%%ul:%@ FRHACROE| RBui tzhﬁoraaééh@pd@#aﬁpéedé@p@estlng of

v &tones, lnplagab Qmeyaa@ldd drddesat o6 the B@aaucted in

exchanger, 212 15 rea |on m xture js cond ed
A SCTHECHT ot s (SRS SRl O P TTRE CobTE g | PnaSidagated

dm cbqbd t i bhned. t hErowi rchéat heatst erahehgepassed, the
'fgéké%é%rébgg §3§|n%%gkﬁﬁgﬁh'2ﬂ§ éhgmkf wl§e81stances

connec . VESSE i iWhich a nozZs
Zon% G&J@seﬁpoésngarh@%a mlco@ndngamp@mlorm&f the

v @ 1eatn exehanger 249, ;xbich Kﬁ@@s Ehefﬁgvﬁékonheat

product firstly in notion and second Co0
GHIEANIB0 2w P 6l Sfsl § heonesrFedt ango&é%énnawes&el

szlaebl hhzerhvessel ﬂaﬂ;zlé At aCiEedpréékEIQtV\@sChﬂért of a
huric acid. g ens 25 and f&pn1mh|c

I o)
R e Ret oo i PR e Ba s e P u ot nawhich
Guedret 223 | tendthomcepop@uct firstly in motion and

secondly cool. Via an outlet 220 which follows the
collecting vessel 216, a stabilizer wvessel 221 1is
attached, into which a sulphuric acid feed 222 opens
and from which the c¢rude acetone cyanohydrin is
conducted through the outlet 223 into the acetone
cyanohydrin workup 30.

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

bottoms outlet 36 leads into the heat exchanger 31 and
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cyanohydrin workup 30. In Figure 3, comng fromthe
cyanohydrin preparation 30 20, the outlet 223 opens
into a heat exchanger 31 in which the stream coni ng
fromthe cyan preparation 20 is heated. A vapour feed
32 is connected to the heat 4t8ex‘changer 31 and opens
out in the upper region, preferably the top region,

f a columm 33. The column 35 33 h nul t | :
35%%%9%}1%48%?%%5 a?%n%%%%?gytf’%%%%%?gﬁkrl%doggi%l?:)zlgg FREC
titee | vt r egicdrargfe t I3l .colrumpurd3 ipgodivsposédnehe37 is
C oft fr ' t ,ons it het: 36
[ n(%rg{%]%éée%eg? g)%lgha}%ge%ﬂq%%?%n g$94t§q'hgg%s&?h%§sﬁ)ggrg§ed
ctpvheterhm hbyudihe hembdat 82228 -i it thAe Uepatregion of

exehangeudd- 34 RUr giRpoduet d it B oSl e onperhednt 8pens
t he heat exchanger 31, which is followed downstre .
byt he? dRedat PERNADICFn3Phd S dﬁlﬁfgbiaonv%‘fu@“t?fémao E]Pmls

h%%ﬂr&e@lieﬁpomgj ggéﬂﬁs\iﬁuﬁ:hﬂh 3htwhi£hhepensxchahgea 311.

eat, exchange 0 I.C vagu p 310 ]

conrectRd g%a o %qgﬁﬁi%giﬁPé ggﬁeggggic %%%%?g%ﬁléll

Botd chenkeatdexchangeme3d and 4 heckddngexchasger JLL to
frel r@egégngéalﬁth§§ﬁpf%‘%%ﬂﬂé&k &S%Sé 342-b8ndBted -
i'ch a recytle line 3 i s connected and 1s connected

tto t Héid 08pPOPeatEarteB i A6t Hen adéioneceF@méhy dyproRydrin
_ Al 2. The am dation 40 depicted in Fig. 4

first has an 15 acetone cyanohydrin feed 41 and a

sul phuric acid feed 42 which open into a | oop reactor

4If:het T%iai‘aﬁiiwiﬁ 4oy areipyidried f ded #fgcomnedtiedtt ohbke an
acetone cyan 30 i i i
SERA% | SYERORGELD YU 200000 ANKR LAR, CLER becs

ownstréam of a
WSt mbdmhof ogéna miker 451odpst reaatof t4d s Jipgp agetone

t%%@g&%ﬁic Acif feoad 42 0pens Qut. cThe Fhxer 48eksne
follTo downst ream ba/ a heat exchanger 46 which in
tapanapehsin | Weskaprgakl s eparst oty @hrenit of the

fidsd | Yea e B854 3 b led t ASarRNEIE aaf geeip 494t ana GipbtReam of

| oop reactor 410 it.
& gifcﬁp:r Cﬁﬁz.asUas%gegr)r(ll tof ngifsurptlpmepr |42(,Jp trheeaCtsgl_:Lpﬁgi%ic

acid feed 42 opens out. The mixer 45 is followed
downstream by a heat exchanger 46 which in turn opens
into a gas separator 47 from which, firstly, a gas
outlet 48 and a feed 49 to a further loop reactor 410
exit. The further loop reactor 410 or a third has a
comparable construction to the first loop reactor 43.
From the further loop reactor 410, a feed 411 enters a
heat exchanger 412 which is followed by a gas separator
413, from which, firstly, a gas outlet 414 and an amide
line 415 exit, the latter leading to the
esterification/hydrolysis 50/MAA plant 50a.

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

with a broken line opens into the tank 53. The alcohol
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conpar abl e construction to the first | oop reactor 43.
Fromthe further | oop reactor 410, a feed 411 enters a
heat exchanger 412 which is followed by a gas
separator 413, from which, flrstly, a gas outlet 414
and an am de 30 |ine 415 eX|% the latter leading to

t he esterlflcatlon/hydronS|s 50/ MAA pl ant 50a.

Fi gure shows the esterif.icatjion 50, in
s%?@%n?%|9R§%ﬁ.9%?c g ndﬁ%tghﬁaPQPégnﬁ'organlghe g OWer
Sﬁégﬁam,oan¢hm1EHnMeSBLn@hEZﬁmna&xﬂ&nkt@Bthe connected

'%dgt ;;%gt%%r%ggm Hp 2 &sr?fl%h %aWéC@uhﬁFE?att%ke Hter

tan eater an al co I ne
smaw.n Vit AnacBEekeNabPHE dpaRs SEntadikatednkyss. Lime of

aﬁ&@ﬂ@é 483 kbps. 5§h9ge@§rgﬁérb953k|B3Dth@pQ%rd@ﬂiéd%ed
| ower region_of the tank 53. The first tank % f%om

c@%nééﬁe@1QQ¥Q¥fh%?ﬁeﬁ%zﬁﬂ?%sfrO%hF@ﬁ HRRE &P PR
tenk hept errheddestant av@po@;st ernwapeurid i aenbécted to the

indicated b hes_and _dots. This furth
%HRGESre?b%n|8%CBﬁﬁeE?85 g?o £RE SPEBROLTPné % ttttJ_’ot
foDm dhecbdtimam aad f fom atidéttiop, The ésner i@poudllute

lin k
S%ufgggroéeégﬁﬁesgegsbgftoﬁpggRBthEegg?@roEegE%nt%& the
allalink i oA’ - aAltﬁékaﬁlélEéﬂeeDGl§Gﬂ§ﬁuFPcaaépﬁt§@ ied Lipse

P{eSeBl-mkR tMentPPehe€8508 ehnkhes tank §§ wiBht @ankohol
unit 510 encircled in a dotted ellipse. is ornedﬁg omp_

al Heat 851 EMhnRSE3T aN@PSXTwi 1%l eBholtt 155eP88SH

esh&f V@&ouroﬂ | mEr56 oft sls?kplolsﬁrm euﬁmtg ote, flaldaw in
tank units t

SRR EEEEY ot M aBRCF SPHERe (SHR ot S5R6 purngenils 10

doaiegt edrvicaticlde esd ertheapestetri vepr®ert ol ine 5l§ot¢@mthe

g%ot?tt,orhh§7c%lfu%e5 ofﬁ@:‘l"léﬁe '%%RO?}Q k%t‘&ﬂ'@ S@OBQWhe

boi ler Iine al so to the tank

i po bmier 5t80 feedight 2oBRE ofdaRi Ellol F&AP ﬂ@%aagckt?o the

the esterifigatdrery | 'E‘ot tf%elépp@étéﬁgla@l@, opg&h e abslo)lvent
the top, of the colum rst hea%‘f exchanger
3

512
f?ﬁ?%meﬁobytaefu??ﬁ@FlﬁﬁﬁgElQQparaPort URPET regron
coraest el yi arme subbablef | ikhe Boltmat Ithe wopfidfst heat

exchanger 512 followed by a further phase separator 513
are connected via a suitable line. Both at the top of

the column 58 and in the first heat exchanger 512, a
first stabilizer feed 514 (stabilizer indicated with
“g7) and a further stabilizer feed 515 may be provided
in order to feed an inhibitor or stabilizer which
prevents undesired polymerization. Connected to the
further phase separator 513 is a scrubber 516 in whose
lower region a solvent line 517 exits and opens out in
the solvent line 51 via a heat exchanger 521. From the
upper region of the scrubber 516, a crude ester line
exits and opens into the ester workup 60. The spent
acid line 59 exiting from the upper region of the tank
53’ or of the tank of the last tank unit 510 opens into
a flotation vessel 519 for removal of the solids and
constituents insoluble in the spent acid. From the

flotation wvessel 519, a spent acid outlet 520 enters
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the colum 58 and in the first heat exchanger 512, a
25 first stabilizer feed 514 (stabilizer indicated
with "S') and a further stabilizer feed 515 nmay be
provided in order to feed an inhibitor or stabilizer
whi ch prevents undesired potnerization. Connected to
the further phase separator 513 is a scrubber 516 in

ower re |on sol t Line 517 ex
mg@%ssﬁngPﬁlctﬁ€ ?ﬂtliﬁg 58 & a %ea%oé§% anger -
SQimeramtWﬁacmppendnegsomhﬁ Loe- bo:bbb@rCEnetlauents,

c e e ne pe e e I

fé‘ %\Ef%%e sp%oﬁ%ﬁ{&lzm %qﬁ)neq%é ex?ﬁg]ng f%%%etrﬁe the
u@@@¢rxﬁgﬂ@ﬁﬂqm the tank 35 53' or of the tank of the
| ast tank unit 510 opens into a flotation vessel 519
for renoval of the solids and constituents insol ub
i PR heS&PENWORKIR. SEFHR tife FITWtats off vESERECEIS, £q the

seendr BEi €h ©ubh eb0 530 aent efrtude 5s§lstézhel Stk pbur i ehacicdude
pl ant 10 vap 88%522 whi ch

I boi |
CORTRICt eterﬁ:gn%&aﬁﬁﬁ%vﬁﬁé CONET | (i @ TPtfer o @
vmdxmmanﬁmetﬂdunm ertlumsn t he2 . estrars f iavduiron. 65 has
1081 68 eI RHUPSSBINLN S d@&gg?rgrh?a@ﬁn@@t gdrhAgbhein

via“a cru i ne
e@h@r quﬁi‘GIeép@nlngflrﬁhﬁtlﬂ@hﬂ“ﬁdlé2regF€@F%ﬁtb? 1ower

VAL, dd)?%lhé%b@ﬁmﬁ%ﬁ”ﬁh@%h Ehhsreeluen @fﬁehﬁétlgm of
colum internals 63 and a bottom heater 64 arran

I n
tHel§ ofiet UMBgi 68 FStITe CBFufh 62, Fridft P erreﬁme?nto the
r &t O @fmtehq;wmmmmﬁforvaoh arahshehoéeSdeiz bohd onrude

f th , | i
il fede VR 13D, BRLEErEn o0 ety k. Dup JRT0R b
crhreleuibeestregibneed dofhd owlboir €63, tosthblYi be the top,
pé”!fﬂ:‘s‘f?lt 'h% £ 'ékcﬁaﬂ?gé?pgé %g'&!hrfgcttellxe %g&"ﬁ Bicrlet,

usua eto irst eat exchanger
cemsme@teedow afalﬁftg@tfl dreat o €Xghangied fQF t RerPHeglity of

%&@ngézcﬁn%eﬁ ur@l i tyhfh  heat exahangsy s1§7 whi phase
are foll onwed a phase 20 S%Earator 69, In_the Ehase

ﬁﬁﬁﬁ?ﬁ?ﬁr6§9 tﬁ@ thee fihasse réam 68

and the mixture stemming from the heat exchanger 67 is

eparator 69, the s

divided into organic and agqueous constituents, a
recycle line 611 in the upper region being connected to
the phase separator 69 and opening out in the upper
region of the column 62. In the lower region of the
separator, a water outlet 610 is present and opens into
the esterification 50 in order to feed the water
removed back to the esterification. A reduced-pressure
generator 613 is connected to the heat exchangers 66

and 67 via a reduced-pressure line 612.

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

enters a first heat exchanger 75 which is followed by
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and the m xture stemm ng fromthe heat exchanger 67 is
di vided into organi c and aqueous constituents, a
recycle line 611 in the upper region being connected
to the phase separator 69 and opening out in the
upper 25 region of the columt 62. In the | ower regi on
of the separator a water outlet 610 is present and
opens jnto terific t| n 50 in_order f th

Br (FenBosh) babk iC ne ik ofrrreatess 38 MG Mre
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HER TlgioHi soeonphi Ses i plt'éba| by ofnColgymillation
i nternals 71 and 35 in the | ower g;og?of t he
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ANV pLESSUE0enE A T IO L kel 1712 ana
fatrlt@mlhe;/r Q@aést@xch@@g@re Nineays GPEREIiRd the Hris in

UPDE e & egbﬂﬂec@ﬁohm oridige t @Re Ofcihwwall Sty [ at| Im@fﬁecular
columm 71. The ester recycle line 77 has a stabiliz

et ¥ e n@feﬁ&e&t F83 WY s P pBSLACEAAE he eeor PAcKings
recycl eodd el dy upstdteam ofy a thexemol@cuSerondliyyvef, r owhe
é& line of the furth

exc u
& fo%utl5Fr7lbsexﬁFul%%%T%§] |ona%ghéﬂFp bitrapure
exsthangentlét amchneriotdetohetlte exclarydrr7iPiere vessel
onne on. These are
g\(/:\gedéjbfy/&ggﬁgfeéﬁfcg%%ﬁ\;g vesgéeclb 713 whi ch has
nmol ecul ar sieve packings 714. Purified further by the
nol ecul ar sieve, the 15 ultrapure ester is transferred
through the ultrapure ester outlet connected to the
nol ecul ar sieve vessel into the further processing
pl ant 80. - 52 -
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Ref erence nuneral list 1 Plant system 2 Sul phuric acid

line 5 3 Further sul phuric acid line 4 Spent sul phuric

acid line - ester 5 Spent sulphuric acid Iine - acid

6 Methacrylic acid line 20 Acetone cyanohydrin

preparation 10 30 Acetone c%?an"ohydri n wor kup 40

Am dation 50 Esterification 50a Hydrolysis 60

Prepurification 70._Fine purification 80 Further

pé%geezé%ﬁl%% Ib‘f%%’fallgjol i ni shing 100 Sul phuric acid

pl ant 21 Acetone vessel 20 22 Hydrocyanic acid vessel
Scr ' ower 24 Cooling elements 25 Offgas

I'T nes %@ogsl reactor_ 25 27 Acetone feed 28

Hy dr oo/ euses ReE@dl 1D Punp 210 Catal yst feed 211

M xer @B0-22- Haatplexehangerq P& Fl ow resistance 214
Cool i nsq lines . 215 Heat exchanger 16 Col l ecting

Vessel SEND IS NPT E° AR g GFFctit 219 Heat
exchamng®nt sulphuric acid line - acid

6 Methacrylic acid line

20 Acetone cyanohydrin preparation
30 Acetone cyanohydrin workup

40 Amidation

50 Esterification

50a Hydrolysis

60 Prepurification
70 Fine purification
80 Further processing plant

S0 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
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220 Qutlet - 53 - 221 Stabilizing vessel 222 Sul phuric
acid feed 223 Qutlet 31 Heat exchanger 5 32 Vapour
feed 33 Colum 34 Packings 35 Colum bottomw th heat
exchanger 36 Bottons outlet 10 37 Pure product |ine
38 Tops outl et 39 Heat exchasr?ge‘r 310 Vacuum punp 311
Heat exchanger 15 312 Cooling vessel 313 Recycle line

4 cet.one cyanohydrin feed 42 Sul phuric acid feed 43
L%?ojs rée%ag?%lryzjzrﬁ@ﬁe% 45 M xer 46 Heat exchanger
R GassshparatoracidB asd outl et 25 49 Feed 410 Furt her

|.00p r@gplt 411 Feed 412 Heat exchanger 413 Gas
separ at or é)%o 414 Gas outlet 415 Amde line 51

Sol veritedt mxclEmMggR de ine 53 First tank
32 Vapour feed

33 Column

34 Packings

35 Column bottom with heat exchanger
36 Bottoms outlet

37 Pure product line

38 Tops outlet

39 Heat exchanger

310 Vacuum pump

311 Heat exchanger

312 Cooling vessel

313 Recycle line

41 Acetone cyanohydrin feed
42 Sulphuric acid feed

43 Loop reactor

44 Pump

45 Mixer

46 Heat exchanger

47 Gas separator

48 Gas outlet

49 Feed
410 Further loop reactor
411 Feed

412 Heat exchanger
413 Gas separator

414 Gas outlet

415 Amide line

51 Solvent line

52 Amide line

53 First tank

54 First tank heater
53’ Further tank

54’ Further tank heater
55 Alcohol line
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35 54 First tank heater 53' Further tank 54' Further

tank heater 55 Alcohol line - 54 - 56 Ester vapour

line 57 Colum bottom 58 Columm 59 Spent acid line 5

510 Tank unit 511 Hi gh boiler line 512 Heat exchanger

513 Phase separator 514 St atfi 17 zer feed 10 515

Further stabilizer feed 516 Extraction colum 517
line 518 ude ester line 519 Flotation

ve
\?i;%ssel ste%sza@p%tqjarﬁd outlet 521 Heat exchanger
2?2 Lowlont ésottapour [ine 61 Crude ester line 62
%a%:uur@ istillation colum 20 63 Columm internals 64
ottom heater 65 Ester outlet 66 Heat exchanger 67
Heat eSdrtngeiPsles: Water feed 69 Phase separat or

610y Wat 81 qui{et 611 Recycle line 612
Reduced- pressure Ijne 30 613 Reduced- pressure

geer dtish Pt $std3n%ati on col um

512 Heat exchanger

513 Phase separator

514 Stabilizer feed

515 Further stabilizer feed
516 Extraction column

517 Solvent line

518 Crude ester line

519 Flotation vessel

520 Spent acid outlet

521 Heat exchanger

522 Low boiler vapour line
61 Crude ester line

62 Vacuum distillation column
63 Column internals

64 Bottom heater

65 Ester outlet

66 Heat exchanger

67 Heat exchanger

68 Water feed

69 Phase separator

610 Water outlet

611 Recycle line

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

72 Column internals

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

78 Mixer



72 Columm internals 73 Colum bottom heater 74 Pure

ester vapour line 35 75 First heat exchanger 76

Furt her heat exchanger 77 Ester recycle line 78 M xer

- 55 - 79 Stabilizer netering point 710 Pure ester

outlet 711 Additional heat” exXchanger 712 O her heat

exchanger 5 713 Mol ecul ar sieve vessel 714 Mol ecul ar
eve a kln 71 UItrapure Lester outlet 716 High

@ | er ressure generator WO
2008/ O?Aﬂ:c%?es—teﬁﬁ outF!@IU EP2007/ 059105 dains 1.

ce p £yanohydrin, conprising
aslolst e%dc{lq{o‘u%[a%cg{}ét%]%tl ng acetone and hydrocyanic acid

i 2 Qﬁhﬁﬁ(heQQ)%ﬁqhﬁﬂgq%actlon m xture, the

r-eact i JA Y & kejdng,Lddcul ated, to obtain acetone
%fanoh drin;. B. cooling at, | east sone of the reaction

leojy i &G ' 1 east a portion of the
acet onﬂtﬁm&@)@yﬂdy QhtdAigwed fromthe reactor; D.
(of0) sl |st|II|ng t he di scharged acetone
fé% ﬁﬁéﬁi%ydgt S o obtain an acetone cyanohydrin
mml(nﬂqﬁumhdﬂpnﬁuturezgﬁn&n&£¢mp 15 product in a
distillation colum; E. recycling at |east a portion
of the acetone top product into step A the acetone

top product being kept at |ess than 60C during the
recycling.
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20 2. Process according to Caim1, wherein the
di scharged acetone cyanohydrin is heated by the
acetone cyanohydrin bottom product. 25 3. Process

accg#ﬂég/g%_}sjr%&al m1l or 2, wherein the P%?@irl"zlﬁgf?i{?gﬂ%

of an upper Thalf and a
and the di scharged acetone cyanohydrin is fed into
the upper half. 30 4. Process according to Caim 3,
Wi ehg t he acetone cyanohydrin fed in has a
tenperature in a range of about 40 to about 100C 5.
Process according to Claim3 or 4, wherein at 35
Ileast ereesﬁ t heobot t prepayion |sa|zeppnat acyanohydrin,
Aglétgé@ge of about 80 to about 140C. 6.
ro ess a cording to one of the preceding clainms, - 57
V\,her eilh tIRNGRE GIe GPaReRFdratd beMBIADPadrct 2Rad 40 2

t enper at urg ddbR I apge Hfveabost &%athl@bputmﬂzz&ﬁd the
Process according to one of

t he precedi
wher ei n a‘feafce%t’s‘?ntI’fb‘xc,tb’ir&rrngeé}“@pu%’é?ugag%‘?‘i nLgrse Pgtgln
range of aamminé.O:}tah@:Qoiﬁlr%O nbar. 8. Pr ocess
accorg%e%:%o%.ln%ra@ legs erseolrrpet dl&c £ t%fes

gener -runnln punp. 1 ocess
pr epar@ ngimcfaiﬂg/inmeahadlewsat & p@@h’ppnsﬂfg blse sﬁé9§0ne

2. DI EPaTdng AR, ACE! Qs £ANONAS N by A Rr05ess

accordingto recedi ng cl ai ns;

contadh|RPQQR9%R%ﬂ%medé§5h%hyag|ﬁhﬁtﬁl%ﬁha¥%%§géﬁﬁéone
acid to ohfaidhaiet haghyhanede; te. GHiaAet | n@nt hecetone

th I d th hol t bt |
LVRIE SR ERTHINN E  AMET EA Uy

met hacr ylpaiceiuthOlriLOa dAraacidds tfigm prapam ng
et hacﬂryllieccyagliﬂlg CMé§ét{]ga &g‘r\‘ﬂ&qsbf the acetone top
product into step A,
the acetone top product being kept at less than 60°C

during the recycling.

2. Process according to Claim 1, wherein the
discharged acetone cyanohydrin is heated by the acetone

cyanohydrin bottom product.

3. Process according to Claim 1 or 2, wherein the
distillation column consists of an upper half and a
lower half, and the discharged acetone cyanohydrin is

fed into the upper half.

4., Process according to Claim 3, wherein the acetone
cyanohydrin fed in has a temperature in a range of

about 40 to about 100°C.
5. Process according to Claim 3 or 4, wherein at
least some of the bottom region 1s kept at a

temperature in a range of about 80 to about 140°C.

6. Process according to one of the preceding claims,
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a) preparing an acetone cyanohydrin by a process
according to one of Cains 1 to 8; 25 (3) contacting
t he acetone cyanohydrin with an inorganic acid to
obtain a nmethacrylam de; 7) reacting the
net hacryl anide with water 1@ give nethacrylic acid
30 11. Apparatus for preparing al kyl nmethacrylates,
r|S|n connected to _on noth in fl
TR ngPorm St ahy BPBvaRE of b P F S SE e i
d:;eanpnskwaitrum irf o |oavegke by, @%Hout B Pltantaleheneliz0 Tor
preparing methacrylam de, followed by; a plant
el ement for preparing al kyl nethacrylate, optionally
Bl | OVREPIRES -aGEOTAI I ake ENenEt ¥R PUEFEYing £heims,
%}Qfelﬁé@a§é¥5@t €heORL1RRRI W AolUued bypras@hadt in a
el enment for polynerlzatlo Eﬂﬁf&gally foI%omed by; 5

TG dt Bretent? ot FrH s e plant el enent for

preparlng acet one cyanohydrin conprising a reactor

1 U EOTRGR R0 TR FRabtantyi L WO Hl ohi reduced

Ipﬂ&ﬁsuxnnmﬂsgampnaﬁnﬁtbynaeﬁpynrunning1pnmp(ﬂ

connected to the bottomregion, a top region which is
connected to the reactor via a recycle line and is

3 ee dArocssheafprig SrerFiag a HeataPxchanfgefhacrylate,

cumsctethd ad he @duct line and the outlet 12.
Apparatusgiccordfﬁg to Claim1ll, m@ﬁ;eln t

B ot i HERRHDl (A RS 67 AR Rer nAvi Sngeocess
| ower dwddrdiang tdeorpy adiathd ipre @pEngy idltzdintdve upper

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.

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

according to one of Claims 1 to 8;

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

Y) reacting the methacrylamide with water to give

methacrylic acid.

11. Apparatus for preparing alkyl methacrylates,

comprising, connected to one another in fluid-

conducting form:

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

- a plant element for preparing methacrylamide,

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

optionally followed by;
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hal f. 13. Apparatus according to Claim 1l or 12,
wherein the 25 distillation colum conprises col umm
internals. 14. Apparatus according to one of Clains 11
to 13, wherein the distillg}ion colum i s connected
to a reduced-pressure gene or. 30 15. Apparatus
according to Caim 14, wherein the reduced pressure

generator | dry ni.ng tu

accordang I%largcne of %[‘r{{‘ %#EP %g‘rl erzlhﬁ thelkyl
di st i Ithettharecld tem ontrmrsalslxoffcakﬂ@mrbymm f and a

| over J]alﬂl'ar?rpd él@némperfd}al fd1§me@nRectied t@pEE%nally
reactor. - . Process according to Caim9 or 10,
whi ch ft%ll%fchec]@}éd in an apparatus according to one of

d ai msy J;llaﬁ@ é—l@ame’i’xtl&fof’rmfﬁ, preparing polymers
based I easg partly on al k met hacr | at es

at?é: t ReCEEBhs bPY RY© ? ng kgpfanohydrln
'wjd@ﬂﬂrﬁée by a pr ocess accord| ng to d ai m 9 or 17:

(3) polyner|2|n t he al | at e 'onaIIy
Oac rm%aocrr%?r %3m%l%<l r% ly’I E%Cfll criyl at e.

1.9- Pr@desstabmmmgcwbur@laq:mnlectﬂﬁet@l hh@heeaCtor via
pol ynmeri.zatd o '1Slr§‘éfe&c§r?h@’lﬁ ee radical 15

pol ymeri‘zat i on. an met hacryl at e
obt ai mabit e ByLattprocerS ! et cardi rﬁj”lt SUEL §E m P AR Dy tO

of a net hagpd |5bttet§}hdréz_ﬁtcﬂi nabl e by a pr ocess
accordlngto aim10 or 20 17 in fibres Jcmé,
%C e

coatinigs, rbul'dthg TEAHYRi t¥RAS"  Hdul 8?’?@ the

paper maki ngrespdd amlas al ealdyerle aliknéi amnidesis free of

fl occul ant _di tives. 21. Fibres, filns,
coat i ngs, %ea%kgl (n% conpos ions, 25 noul dings,

paper makigRf mpdhingeescoteeched tauxhei Brpdect line and
fl occylyants,@and drilling additives which

12. Apparatus according to Claim 11, wherein the
distillation column consists of an upper half and a
lower half, and the product line opens into the upper
half.

13. Apparatus according to Claim 11 or 12, wherein the

distillation column comprises column internals.

14. Apparatus according to one of Claims 11 to 13,
wherein the distillation column is connected to a

reduced-pressure generator.

15. Apparatus according to Claim 14, wherein the

reduced-pressure generator is a dry-running pump.

16. Apparatus according to one of Claims 11 to 15,
wherein the distillation column consists of an upper
half and a lower half, and the upper half is connected

to the reactor.
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are based on an al kyl nethacryl ate obtai nable by a
process according to Cdaim9 or 17 or on a nethacrylic
aci d obtai nabl e according to Claim 10 or 17.

- 59 -
17. Process according to Claim 9 or 10, which is
effected in an apparatus according to one of Claims 11

to 16.

18. Process for preparing polymers based at least

" partly on alkyl methacrylates, comprising the steps of:

o) preparing an alkyl methacrylate by a process
according to Claim 9 or 17;

B) polymerizing the alkyl methacrylate and optionally
a comonomer;

Y) working up the alkyl methacrylate.

19. Process according to Claim 18, wherein  the
polymerization is effected by free-radical
polymerization.

20. Use of an alkyl methacrylate obtainable by a
process according to Claim 9 or 17 or of a methacrylic
acid obtainable by a process according to Claim 10 or
17 in fibres, films, coatings, moulding compositions,
mouldings, papermaking auxiliaries, leather

auxiliaries, flocculants and drilling additives.

21. Fibres, films, coatings, moulding compositions,
mouldings, papermaking auxiliaries, leather
auxiliaries, flocculants and drilling additives which
are based on an alkyl methacrylate obtainable by a
process according to Claim 9 or 17 or on a methacrylic

acid obtainable according to Claim 10 or 17.



