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PROCESS AND APPARATUS FOR PREPARI NG ALKYL ESTERS OF
METHACRYLI C ACI D The subject-matter of the present
invention relates to 5 a process for preparing al kyl

met hacryl ates and their conversion products which can

e BB AG68067I tit ude of chenmical synt RET/EPEPEIE988407
which can lead to a wide variety of different further
processi ng products, and to an apparatus for

per§$6@ﬁ§ ARbSAPERRESEs PORFPREPARING CRAK YL | BETERS OF
al kyl nmethacryl ates, there already exist processes

whi ch have been know¥HFAKIHS iArdland are widely

performed. Al kyl nethacrylates are used, for exanple,

in the preparation of _oligoneric qr 15 $ol.neric fo
Tt oTHES SR t He 0BF r SCRORHTRANF obPar Hetiiol F GhAET T ¢
of Ppobysesi Eopr qoltepar e békfdumet ihecrymhattest ualed ofhelr
obj ects,. especi al 1.y al.so ;i n t] e.of .c :

bR DR qts B0 b (B L 0HER A 2CRNSEHELae o
dirstrriidait | synohesesy pdicteesent vpriepar e@i oAcplodesseswide
Lr @l &y oﬁem"’f?;égﬁtgﬁf@f@hr@w RgJeskhed asess@munt sna

of such conpoun are required, the
GG 1385 FERRATRF W7 Jeds K8 @i tdH 9 WSS such t hat

t he anmobunts of product obtained are 25 high. For this

reason, the optimzation of k processes- i he

R hér e R Fpemt * ot th mfgg&garwgggang%?P?éfethere
mmmmy&yiexﬁ$etpndse$seatwhhehf@aﬂawhﬁenEK@WW@ el pome
| TROVEIED rénggg%?g\é\g)é}rﬁ%.C%h}&ﬁntrﬁé’plli'é@rj}f’ates are

V.
consi derabl e a s owmng to the 30 [arge anounts
ofsgshodirt grepated, IPothexamsira s e PedatiFgREBIC ©F
LRE BREHYY EORSHUREEON drlk t BRe Prepafald QM MPGLSSbekined
to the protection of a resource required jn %pe .
CrefRMSEIsh BrocketYMSEL Sh st qﬁ:icﬁ@en%?o fAGW n 2
afdresses tde qujahlitem tdatembd By i sl stsetinad mahyitude of
points in th%%or.%ce as:,lee:sJTcrf'ebed here for preparing
SRAEL FESH ates. “ard thi's water typically has to

be sent to disposal after passing WO

2008/ 068063RGI ER2007/ 058407; 5y 2i 5y t NEPUGPeLPE gifferent

particular use. The present invention therefore has |
fareriare tilfre race RS Mo aHevhiseethamar ertes anfa@ving

W erihal 1R 3ePr agessthkor ofr epachngcahplinds which are
net hacryl ates to the effect that the wa

ter_5 .
&SRS on ThE nPREFFSBATEL “Far PESCEEEEFDI L CandY Rt Rt 1Y
ysed ddn &heh proeessticanabeunsed @& bpavdastpagdicilredat are
i.ffere oints within the proce | N, di en
g?é%%ss%%Fgméh%§ ]fFﬁﬁﬁpbrégg%t ?ﬁ%%ﬁ ?%%IS{ b knéwn
addiceiseral | rhasHeor futham tdevekorpet t hef pridéectwide

N i net hg ' € i - h
%%?é&% tigﬁ. %ﬁﬁ§§%§ﬁ%fq%ﬂgﬁ?%€€%?¥ogﬁ%%k$%% ﬁﬁveﬁfioﬁ ©
forgfasnte Fyatocessnabt PrREFAVERGREl Ky et yPEPesss
asnt NS deaahi@n P50dyaLiB¥rable advantages owing to the

subj ecti ngareactionm xt ureconpri si ng t hacryl am de
GEEEE, WUTBHR | OF aBFaoHAd AFqRase, Tor exatple % tne

reduction of the energy consumption in the preparation
process or to the protection of a resource required in

the preparation process.

The present invention now addresses the problem that
water is used at many points in the process described
here for preparing alkyl methacrylates, and this water

typically has to be sent to disposal after passing
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200ne al kanol to an esterification reaction in one or
nore reaction chanbers, b. subjecting the crude

reacti on product to a separating operation in at | east
one rectification colum, 25 c.condensing the reaction
WO RIDXB AREEHE 3has been subjected to a SBEE/EP?HQ7/°591°7
operation in one or nore hea% exchangers,

separating the condensate into an organic phase and an

%%‘{%%gq e ';S‘aﬁlé&f‘a%% OfSe Sepanat i pg-30appak atdst ion

I ng the "organic ase wth water, to obtain a
wastred agregah@ @ rﬁ%‘%el‘éﬁd Rk th g ERat R IHFRE opPPoriq yor

frategcygki ng the agyesusaphase &e@ﬂ@@eé@g@dierpmepb]rlng
35t he vvashl ng back into at ast 0 acfion

EH&er et aé’r\g’%t??treag bat? er yof % %Ct4 @i? {irg éfaanater

bbﬁtdmﬁﬂﬂmﬁ ﬁmb@ﬂmﬂmﬁte@fabhéann&anpmnslbwﬂsramﬁlwhter
co i ses_an alkanol d su ph c_aci ‘bl £
Barthy P&oFRES ré:%c ?%‘in c%%ﬁberg éf(rgr]t 2‘35{ ﬁgoﬁlr]%te .
oiflftf\mremrt mpel B s eaei tbhnchaiser Lropass enper atuf éerant
%%p%g QrGhaber can adjusted, for exanple, to be
0 to about 120C, and vaporous reaction product
can be wi thdrawn fromthe 10 reaction m xture from one
@heﬁogsz_eeé&a@t i freghashersicand drltiRerhsubfeet aat,s faoim to
le, to _a separating o tion by Jreans
ﬂ eFiSCat FBR cB?ﬁﬁHCL %ﬂgﬁﬁ 50N %ea?f an

|ﬁnone or ore
exphanger svaard subseduerntdny. washed with water as the
condensate, the washing water thus 15 obtai ned being
renmoved fromthe reaction product by phase separation
gnameayy oifed Nsadlaviemtdom | east one reaction chanber.

A process according to the invention may conprise, for
20 exanpl e, the follomnn% st eps: xture . 13v1
Eofprirsiany Wit erelafrfnk nﬁséﬂwesrse o PO, 2
selthdsrgnd eyl phuthe a@ad:t(ls:pemroahmt) bHys wi t hdr awn

LT e, G AT ESBATe T teins

methacrylamide, water, sulphuric acid and at least

one alkanol to an esterification reaction in one
or more reaction chambers,

b. subjecting the crude reaction product to a
separating operation in at least one rectification
column,

c. condensing the reaction product which has been
subjected to a separating operation in one or more
heat exchangers,

d. separating the condensate into an organic phase

and an aqueous phase in at least one separating

apparatus,

e. washing the organic phase with water to obtain a
washéd organic phase and washing water, and
optionally

f. recycling the agqueous phase removed together with

the washing water back into at least one reaction

chamber.

The reaction chamber used may, for example, be one tank
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vessel, in which it is largely freed of solids by
flotation, c. the flotation vessel is charged wth
steamto the effect that the reaction product is
converted from 30the m xture into the vapour phase, d.
Woe 2008006 gifedse conprising at | east waPEE/&R3007/059107
reaction product is cooled in at |east one heat
exchanger so as to forma postcondensate conprising
\Aéarteg n%tre%?thgji‘onZDr %duci’ o?n%c?i:% etgﬂﬁs. In a further
post condernisate 1's récycled rnto at | east one reaction
g*@qﬂﬁﬂment VEfZGOSI@GgaﬁngWLEPQ@QQFOBQHNﬂh-Cqﬁpr%?ﬁﬁ an
NS48 10f 288 keashuone heatq exeghangerats 1spaygshmitp to
washi ng water fromthe washi ng of the condensate from
e r BeRFF 1 Rt (CORMESUN®T oft Ot helpr Epaif i Tat P8R tlepmore
ard,ctfiom examdea;s.a m xture of postcondensate and 5
washi ng water forns in the heat exchanger and can be
recycled into at | east one reaction chanber. It often
ITeadst ¢mpgooduresiht shsheneabeiorachicotwepr othuet afigusted,
Tl eetedha at deagt oapopeepdbl fkealLps,to angeal ana
I"east one“mai'n purification, the reaction product in
Vs IcRIsUr FEREREPON WEOMECT r €68 bhedistihdsayen from the
Ricedempantiby Ble |OWDQIAd NG | iPes | £&86t Wbh CBhAaNErd and
| ower boiling point than the algg nmet hacryl ate 1
Bfepdtall aRPEPSCdf a8t r GFPEPH Xt ures 13 t REPEHREIRI
wigklrawaicer byanekdigi ngf f4 eesct hf 1 dwet tam ncplminhj cabhdensed
predom nantly_ of . higher-bailing, i riti i h
a"higher® ool ?%ghsggnﬁxfﬁhﬁgfﬁ% §FE§|é%%%ﬁ%%$§ 2%e§¥§hed
prieparent e 20 aFhechowcbodehagtienpuria | ¥8sbandt heatage thus
%%*Ela%%te%td’ bl Oh g XA o g t ¢ rBrCOPHENSAA QL b e Rkt by
nore heat exchangers, i1n which case the condensate can
pEaSEh| TRRTP P phesersepated | BACknd e &hu t o
phase ieh thereerdensate can be recycl ed, for exanple,
into at 25 | east one reaction chanber. It has |ikew se
been found to be advantageous in accordance with the
ANyerideds idacconkigases when iatvention may comprise, for
| east oner ti [ rged with 30
SEeRRLy| %%défgg%g@gg‘%{:éﬁ%ggfed sul phuri ¢ aci d.
Accor di nguixtute | ROEREILERNIf orvelkelpl e AMEFELTer ySBELS,
2, 3 QLa%4thianksLRRncRe usad BS JRACHI B ERAIDeESd (spent
acid) is withdrawn from at least one reaction
chamber,
b. the mixture is fed to at least one flotation

ne

vegsel, in which it is largely freed of solids by
flotation,

c. the flotation vessel is charged with steam to the
effect that the reaction product is converted from
the mixture into the vapour phase,

d. the vapour phase comprising at least water and
reaction product is cooled in at least one heat
exchanger SO as to form a postcondensate
comprising water and reaction product, and

e. the postcondensate is reéycled into at least one

reaction chamber.

It has been found to be advantageous in some cases when
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35, In a further enbodi nent of the invention, the

wat er present in the reaction mxture stens to an

extent of at |east 60% by weight fromone or nore of

the follow ng process elenments: -5 a.washing of the

#Iou @S O8/ASOH3 product after a first seBﬁTéFgﬁQ°7/°591°7
operation with water and subgequent |y removing the
aqueous phase by phase separation, 5 b.driving

t act]on; B O@ECtaguieQEttQﬁm?pﬁgéta%k@h@hbgrstﬁﬁnbﬁﬂgyed

Se(q uent con nsi n m xture of reaction
pfrl@éue@awgst waRerh lfgqybttahl%euaslalaﬂsﬂf| | 5§ veppdensate

IRy | PHe | OMEARO i ik 4 SV @S avd tdhed rpaépatmpeatlon
with water fromthe ﬁrude 10 reactugg r odu

E&f¥erfdithg 19 FHRUPLEr e§ FERTVES ?%ﬁo?%%nsate and
@@@@ngﬂwnwéfhfwah@r:andthemmeau;ékmhamyeouanﬁha331 be

F%&@ﬁﬁsghse aa %asthne E&&%ﬁﬁm%ﬁﬁﬁ&%&ng to the

y A dltlona nprise one or nore of
the foll owi ng process elenents a prepari ng acetone

%Xan%%xgﬁ!nlgéag]a%%tO@%O@ndIQEQEQEVaWhEnaCtHe breaction

puri fyi ngt heacet onecyanohydrinina rectification

OEPGMTE 2DS ¢ sEhIRsTEhgt feddlet 6%@%9a@6ﬁyd??ﬁ?6rlflcatlon
Eﬁhha%&y|aﬂk&&.'HﬁklrmﬁiﬁlOﬁufikﬁmmSﬁo@IOVtﬂes adaction

ratus for aring al k) thacrylate t
EgﬁéPF§|ng 135 a % é%ﬁﬁﬁg B %&%?ﬂlcheﬁ%%ﬁs Fre i ch®Y
alseaaﬂamﬁomlxpmedomumpmméwngoﬁethawrybahndg wmperities

Sl pRUr i %TV%CI d and,an n%a%&%éu%ﬁﬁ edehd axipyl

an esterification reactlon east one
rettiebiryasiten resinaned n abd chleke O30raRAT P IF oaligEures

can ke rsubjieet eqide @ sepaf athdihpperdd®dn,in  the main
purification predominantly of higher-boiling impurities
which have a higher boiling point than the alkyl

methacrylate prepared.

The low-boiling impurities can then be subjected, for
example, tc a condensation 1n one or more heat
exchangers, in which case the condensate can be
subjected to a phase separation and the agqueous phase
of the condensate can bé recycled, for example, into at

least one reaction chamber.

It has likewise been found to be advantageous in
accordance with the invention in some cases when at
least one reaction chamber is charged with

methacrylamide and concentrated sulphuric acid.

~ According to the invention, for example, a battery of

2, 3 or 4 tanks can be used as reaction chambers.

In a further embodiment of the invention, the water
present in the reaction mixture stems to an extent of

at least 60% by weight from one or more of the

following process elements:
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c.one or nore heat exchangers in which the reaction
product subjected to a separating operation can be
condensed, 35 d.at |east one washing colum in which
the condensate can be washed with water, e.at

#i%e 2098aI0H8APG apparatus in which the V\B§ﬁ/ﬁ62%?29591°7
obt ai ned can be renoved fr_or@t_he WO

2008/ 068063PCT/ EP2007/ 059107 - 6 - reaction product by

%haseméﬁﬁﬁﬂ '8@ apfHe5 crude reaction product after a
at | east onef | ui d- conducti ngconnecti on beI'h

separ &tibffapp SEREFSEARS: | eQPCEREAEECt | YRt

chanbef,H 1Whi £8mbhend e tpiee da uglendls phhase panphase
berecycl ed back intoatl east onereacti on chanber. An

i nventiSPETE P& at us may further at |east conprise: 10
. atdreasionedestilbat imnodharmiowhi ofit heher ggent acid

o 11 13 b R Ao B Ly | (Rt Pag NEMENG: Reure
net hacrfy [retee tded efroslsst Base $ et éémsmthfa\weéir 15

c. distillatively removing low-boiling impurities and

water and

their azeotropes with water from the crude
reaction product, condensing the impurities
removed, admixing the condensate with water and

removing the aqueous phase by phase separation.

A process according to the invention may additionally

comprise one or more of the following process elements:

a. preparing acetone cyanohydrin from acetone and
hydrocyanic acid;

b. purifying the acetone cyanohydrin in a
réctification column;

C. converting the acetone cyanohydrin to

methacrylamide.

The invention likewise provides an apparatus for

preparing alkyl methacrylate, at least comprising

a. one or more reaction chambers in which a reaction
mixture comprising methacrylamide, water,
sulphuric acid and an alkanol can be subjected in
a to an esterification reaction,

b. at least one rectification column in which the
reaction product can be subjected to a separating
operation,

C. one or more heat exchangers in which the reaction
product subjected to a separating operation can be
condensed,

d. at least one washing column in which the
condensate can be washed with water,

e. at least one separating apparatus in which the

washing water obtained can be removed from the
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b. at |east one heat exchanger in which the vaporous
inpurities renoved and their azeotropes with water can
be condensed to forma condensate; c.

at | east onef eedl i nef orwat er, i nwhi cht he condensate is
HOMi2NS@ /\Ri6BIY 6%at er ; 20 d. PCT/EP2007/059107
at| east onesepar ati ngappar at ysi_ nwhi chan aqueous phase

of the condensate can be separated from an organic

phase.and ;& ggfggglh@i ggﬁ%hgg@- cepdyctiipgecanpect i on

bet ween t heaqu atl east onereaction 25
chanber; f. atleastonevessel (flotation vessel)in

whi ch gspend s @ci dnkr om & he- est@idd i 6qt icohneedtbnorbeaieen

be freed at |l east partly of so id§§ .
separating aBpara us an a least one reaction
chamber, through which the removed aqueous phase
can be recycled back into at least one reaction

chamber.

An inventive apparatus may further at least comprise:

a. at least one distillation column in which the
crude reaction product can be freed of impurities
having a boiling point lower than that of the
alkyl methacrylate and of azeotropes thereof with
water;

b. at least one heat exchanger in which the vaporous
impurities removed and their azeotropes with water
can be condensed to form a condensate;

C. at least one feedline for water, in which the
condensate is admixed with water;

d. at least one separating apparatus in which an
aqueous phase of the condensate can be separated
from an organic phase and

e. at least one fluid-conducting connection between
the aqueous phase and at least one reaction
chamber;

f. at least one vessel (flotation vessel) in which
spent acid from the esterification reaction can be
freed at least partly of solids;

g. at least one fluid-conducting connection between
flotation vessel and a reaction chamber;

h. at least one heat exchanger for condensing
vaporous substances escaping from the flotation
vessel;

i. at least one fluid-conducting connection between
separating apparatus and heat exchanger, which

~enables feeding of the agueous phase obtained in
the separating apparatus into the interior of the

heat exchanger;
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g. atleastonefluid-conductingconnection between 30
flotation vessel and a reaction chanber; h.

at | east oneheat exchanger f or condensi ng

vapor oussubst ancesescapi ngf ront hefl ot ati on vessel; .

&d @8 eda6i3d- conduct i ngconnect i on bePGE4EP2807/059107
separ at i ngappar at usandheat ex¢hanger, whi ch enabl es
feedi ng of the agueous phase obtained in the

jepar %.ttl ngeggpar(ﬁ'l:é'ls FHEQ Egﬁd{l?Fgﬁ orc&fnééﬁdﬁealt:)etween

Xchanger; east one - conduct i ng
conne@ﬁaﬁ1Qﬂ@MﬁéﬁﬂhéﬁFié%bﬁéﬁﬁﬁr9%%129§QQ%%H Chgger .

reacti on chanber. The invention additionally relates

192 PHOERSSohOradd EPE6h AT POolnsTerehased at preasks for

gﬁ%&gxa%%‘agﬁ yn%rgFtEgééyla%%s’leagErISIngl§heo§tegfkyl

methacrylates, comprising the steps of:

a. | preparing an alkyl methacrylate by a process
according to the invention;

b. polymerizing the alkyl methacrylate and optionally

a comonomer, for example by free-radical
polymerization;
C. working up the alkyl methacrylate.

The invention further also relates to the use of an
alkyl methacrylate obtainable by a process according to
the invention in the production of fibres, <films,
coatings, moulding compositions, mouldings, papermaking
auxiliaries, leather auxiliaries, flocculants and
drilling additives, and also to 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 the

invention.

Detailed description of the invention

In the context of the present invention, a “reaction
chamber” is understood to mean a chamber within which
an inventive esterification reaction can take place. A
reaction chamber may, for example, be a tank, a flask,
a loop reactor or the like. It is unimportant whether
the esterificaﬁion reaction in the reaction chamber is

operated continuously or batchwise.

In the context of the present text, an esterification
reaction 1is understood to mean a reaction whose

reaction product' is an alkyl methacrylate. An
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a. preparing an al kyl nethacrylate by a process
according to the invention; b. polynerizing the alkyl
net hacryl ate and optionally aconononer, for exanpl e
byfree-radi cal 10pol ynerization; c. morkln t he
AKVA00Bt0eR6A at e. The i nvention furthB?TZEBEOP@f8§8é°7'
to the use of an al kyl nethagryl ate obtai nable by a
process according to 15 the invention in the

RIQdyatd .on, «of, rfc' b @éct&bhn&lr?oatt'h%gs pFOMEE Ng text  is

conposi tions, Ea erna 1 ng aUX|I|ar|es
leetfivarabai mrmre%tocml oceal aﬁ‘@@nandi dri¢d§igpn  between

‘%M:'Ha! i@ndzak §o 403 f bbrﬁﬁnéaﬂr ey COBAMEIgS] UL dinbgo-

faém""""s”lgﬁﬁéﬁﬁaraéi b oBORREL ahd P ling2 o or 4

a@&&kmv%&cwhsomlaﬂﬁaba&gd aradarcadl kyld mm@ha@rgkaM@.
obt ai nabl e by a process according to the invention. 25
Det ai | ed description of the invention In the context

df t hidepr esehextnveht idre drassadt | eRveRadbar" ps “crude

%%%rtsito%)dP}:QdHE@n & Chapbes-sMdJH ntM'n@hr@n al né’@}ﬁété(ﬁce
esterification reaction can take place. A 30 r %IO

SHETYEE nag, Porviiiiae: BECH t%h’ﬁ( rgafFieR,
L@RCt L Bfe t BE Ithke.rddct Soruni pROE qmeﬂ/d’teid’dfrerhb@dlment
esterification reaction in the re ctlon chanmber

Gireratte PGSR USSR S bt chi 58 5T A The” coér11 ekt 1S
olﬁldtehetp:roelse:l’d hext |, fhat estbetbincat moxtueactibdeli scan be

gld £:9,eg . a P&e%tf nt%%@s%eugsactal SO HY 0fUSL 1 on

met hacryl ate
z@(asﬂo@@soe‘spdwe Em@@@ﬁﬂ@sgll@erfor% angstiapmthegat pepcessing

eachi-Qkiica e present text is preferably understood
to mean a reaction between nethacrylic acid and a

l'inear or branched Cl_22-nonoal kanol, preferably an
akhkarigd havkegtl,of2, tBeomprksent text, a “rectification

column” is wunderstood to mean a column having a
plurality of trays or corresponding internals or
fillings suitable for substance separation, in which
the crude reaction product is subjected to a separating
operation. A separating operation is understood to mean
an operation in which a crude <reaction product
withdrawn from the reaction chamber is purified
together with steam suitable as a carrier by means of
one or more column trays to such an extent that
essentially water, alkyl methacrylate and alkanol from
compounds having a higher Dboiling point or from
compounds which are not discharged from the column in
the vapour phase under the conditions existing in the

column.

In the context of the present invention, a "“vapour
phase” is understood to mean a gaseous .substance or a
mixture of two or more gaseous substances which may

optionally also comprise a proportion of liquid phase.

In the context of the present invention, a “washing
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5 carbon atonms in the al kyl radical and one OH group.

In the context of the present invention, a "crude
reaction product” is understood to nean a substance

m xture as is withdrawn fromthe reaction chanber in

VO 21988¢86889E30f the reaction. In a pre?%??%%2°°7/°59107
enbodi ment of the present inyention, a "crude reaction
product” is understood to nmean that substance m xture

whi chnean He MM dd R L0600 fpd £ t @ ksn Usietcldsthe
the reaction chanmber in the reaction before a

n ,
PP CRoE SBCOAEEs (TP or BT | | TRPAT A 1He WRmrakion:
ebint heepressntdt exith a wateet i f ireat | eraapllenn™ ai ssuitable

der.st ood | havi Luralht
HRABL b el ) TS, 4 AL oraae

sebtabbe flrodubist anceesepdrat feparahingi chpeted ionudecan
peactiQn product i s subiected to &, 38RAALIMRGL. In such

operation.” A separating operation Is understood to
aparcper dpEeaAt i divd newhAlBhea criieel r BgERRGAYpRSGuctormed

whhhdtawg-fragsthe featidOnashambesrdsnpur phhed 2Fter a
together with steamsuitable as a carrier by neans of
BhesS6r SRPPEESPEM trays to such an extent that
essentially water, alkyl nethacrylate and al kanol from

s havi aber boiliL .
BB e A i 8RS PR el Odrolysis
3@ t heevhpouylphade under tieshesdilticons aeiidsti agdin 1ts
%Ugsgglﬁg% é&é]pfff@é%% oL thecpresenici REeRlisON, TR s

vapo phase” 1s understood to nean a gaseous

- seBStarBe 6PTa 35KA xPURESf o Vi note JidEousreaction

sHbsbareeshwWainC Ik iR \e BRirtaRal 1y B S looiped Ssec@ording to

roportion of lLiquid phase. - 9 - .colum’_ j _
gﬂ&elr?f"&&dotno ﬁé’ar?agﬁ-'plfﬁ‘aﬁrat P35 hi tehxeaﬁc[cprlu%eSteam
heaction tpmddudigveaflbesn t heusépapatbengswigerkats orfowever,
b shed wi.th vwater %ﬁﬂﬁi ul §abl e ypasid ngn
%glﬁgﬁ is gﬁkgbggﬁﬁ?h§;%%1 I C tcéqg%ude 5 reaction =
bheduetsteafitfdicatieons epist at Peg@pPee@t | 88, &n bHeast two

coptactedew tdy et er sk the GoWH erenakBgats, | NbsGh afor
operation, for exanple, alkyl nethacrylate formed can,

pEapPoeessadSPurthert LN Bt gdRME pREse™AFT erS i sV
sgprEat ion. tA0sThissd Nventdumuielmtes methactiytalddet ois

t he hydrol ysi f th | am de, t th '
e T 0Ly 5 ol e hachylam de. Lol e el s

[
acrylre
Bsteesy dhi sankactbopréannpakeopbacmoirs taeker nore
reacti on 15 chanbers which can essentially be sel ected
according to the reaction. In particular, heated, for
éxanpbe Ereawehbivedprefpksefavil beRPCPBHEUMACE 0 Beth the

%HVESQESH Howevgerebimhas | fo PRy &RSESg beah dountkbdt0ion
e advant ageous when the esterificationis erforqu
raagtipeastithp @ battery of two or more tanks as

reaction chambers. Reference will therefore be made

hereinafter exclusively to this variant.

In the process described here, it 1is possible, for
example, to feed an émide solution as obtainable from
the amidation reaction described in this text into a
first tank. The tank is heated, for example, with
steam. The amide solution supplied generally has an
elevated temperature, for example a temperatu're of

about 100 to about 180°C, essentially corresponding to
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20 successive tanks as reaction chanbers, but, for
exanple, also in three or four or nbre successive

tanks. In this case, a solution of nethacryl am de is
introduced into the tank or into the first tank of

[t 126008 /X6 &0rks conpri sing two or nDrePFEﬁEBZOQ%/P§91°7
is frequently preferred in ggcordance with the

invention to performa corréesponding esterification

ct W e:ﬁg?e HEL Y o8f MO QiR et BRKSoRS £ th
F§§Et%%gtcﬁ% ers. Refe?ence mnlllrhergfore %e néég13 ©

mmmﬁaﬂﬁqqurqeeﬂleﬁv@F?S@%t%®|§b93?|a@@ hkangd 1s Pso

FgCcesss deseei bedhhesr e, whiks pessi bliee foseexamd®e, the
to feed an am de solutron as obtainable fromthe

SRCGATTdTAELdti on described in this text into a 35
first tank. The tank is heated, for exanple, with
é_%gr;bé%heafkalqg §O|h%trl a?gpgri e8r9ﬁ9§ ﬂal Bérp Sa ?}@anols
tenpera ur €, for “eXa eratu
allam;tngloo to about ZBOQarJ?QQemthmSI 'y v@mqresrmhdbeglreear

O prdi&xi t Leppesabyr e oof tﬂ?sz@iﬂﬁ@cé&' Utﬂ)é?f*ti&@mir
e am dation react|on presented above. al kano

arreéerrealcreo RHEG @k Een whPc MR e - us"%}t?%eor o1s “may
askeiifeCcableonusedSutbabkacal kanehs hethaarelw esters,

i pl e _any al kanol s havi.n 1 t o _about
GEGRE. Lancf oy e S Eraan 9 B SneRea S aedi g OB

unsat ur at ed, particular preference bei ng given to

%t haneh. J_Eh%sl% sl %}‘tr}%éﬂé&ew §@ tg@atys@r‘ijere is a

ether Wth nethacr I c esters, is the case

’é@ﬁ@él M3A5LT NCOREARBEEEEAPRI ddt | BAS. t‘FFPé: t@hkapsugl d¢ to

changed ¥ t ByWal8IghtSO tRHabatharelias aapeitl 1vatey about
concentratjon in f% k of ahout 13 .to 15 about 264

BY SweiYghYe193RE patti érlﬂyalrrl’%bBE’? $58°e0 dBoACSTRBYE With
wgegmMVdﬂtﬂﬁn/wmemreéeefewhunha@mmptmuasAMﬁdrtexample,
! nve%l]t# an When ‘)’(‘%""L%Ex P'r SEMPLLS & 8£ee)éqrﬂél:rjl%’lsa and

2Pk ot 6 aChi re~of "two or nore al kanol s
sullphuriic acnd|M§fﬂaﬂtﬂptﬂhﬁr@ﬁﬁﬂﬁxﬂpc¢hﬁmh@r Suitable

: \Mﬁ"l ﬂghg 2Q,.al k fiflfSp@Eb@!el y stieseial kappls are

ar e presen e Teactl on mxture in the
poepsatofin hehestr@ﬁcrm@ar i BH<FeBet ton. titheCanbaRt Obf the

agideigolHthon 28adc-efioal kanol is

The amount of amide solution and of alkanol 1is
controlled such that a total molar ratio of amide to
alkanol of about 1:1.4 to about 1:1.6 exists. The
alkanol can be distributed over the tank battery such
that the molar ratio in the first reactor is about
1:1.1 to about 1:1.4 and, in the subsequent reaction
stages, based on the total amide stream, molar ratios
of about 1:0.05 to about 1:0.3 are established. The
alkanol fed into the esterification may be composed of
“fregh alkanol” and alkanol from recycling streams of
the workup stages and, 1if required, also of recycling
streams of the downstream processes of the production

system.

The first tank can be charged with water in principle
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25 controlled such that a total nolar ratio of an de

to al kanol of about 1:1.4 to about 1:1.6 exists. The

al kanol can be distributed over the tank battery such
that the nolar ratio in the first reactor is about

WOL. 2008 0etB®f3 1: 1. 4 and, in the subseqBERYEP8ALTYBR9107
30 stages, based on the tot zil am de stream nol ar

ratlos of about 1:0.05 to about 1: 0.3 are established.

chal E%QQ' Jaf%%r] nIQ tf'%%l etc'oercgfe' ﬂ]@nf%}ﬁ bﬁn source,

resh al kanol anol from rec cli n%
mmdofthaﬁe sk R St A geas afd, ltl%r?%a%tlt?%dwhé?%omb ht

LR ddNG, 33 rsteanenef & e HOMNSA ¥ BN HOGASSAS OF the
the production system such that water, is fed.t

tdé%ﬁ‘{@%‘trr@rﬁ”an@r%%?%e STHGA - de@otfhe?txat“tﬁlf’\Nafigvllﬂggagozecl
Wagreadi ent so g hwat ght cadveesded afd ecte t henk. However,
esterlfloatlonr aotlo or _the dqown OCESS
STages. T TR 67 qeRnara Tt ryeriiBhEs0 feed 2
wabmureanobe wheert cande otrgak.l cHovewegunds péréﬁwl saygeihe
tﬂ]%égrt:%'?eergeaté’w:_etg{s parrﬁl?ef eeds a Xt Mg, OFoWatREmple,

organl C conpoun to the tank_as the
feactioroehaRbert 168 OBt A CTyd Coxdsiit €9 | ReFRRCTY1ic

Rtiddcatipn of nmethacied | Cembbdiventet bacr Whe 1Process
esters. In a further enbodi nent og thedprocesl
east

BEESSAES hE‘?Ee'thEh?arﬁ?r? cifar GBATALY eAst e
proporttion eff ait |leastt adouit 59% byy wee ghit, fé@r example
exanpl e .at_J| east _abo % g K | gasi: apedt
rﬁgas\/\i}elg g%r gt %é/ag?f out gEbgeﬁgﬁght ort at by
tweaslhtlsoab@u:t Deesby adwht 8@kt o Mieitlhite oF \&dt efeast
apd, gucdyor 99”'\1\% %Q{H)o\k'{‘@ﬁ aWignaRat b er wadkrt Wbh®r such
rroretanks IS use n the esterification reaction, the
PAFGEGs COMPPESESUs 20 subst ances fornmed (the two
terns are used synonynously here), especially the

acry esters an in_princip f .
I)vl Yud %)?efrryorﬁ)%a%t‘f'% ank and e%gtﬂgsaqpsﬁ\rl\??%atllnon?he
lel@swee\t&rflclan::tloa)s beeact domd i thsomevepgeguso I gaseous
Y)%Q L 29QQUSF WheN:  tiha PRLT elyn@f atf@ e @' sPREBymously
the gaseous products romthe first tank are
herrﬁ) f ecﬁﬂpﬁ@atlﬂé/ setlond meabersKHlkEssESt@tthoutCathe 10

35€RQUS$ 160MROUNLS, A I 9AF T Hﬁdﬁ‘vﬁ&haﬂ.@?k fhen@gdad tank and
irectfy to a purification. roogﬁlure offers th

s@fartagd tma&lﬁ%tf%ue%w?ﬂ%gh%v 3t | BB in
isbmd0 deke of idstod atlviaatatats heaounierachedtdyy of two

conpl i cat ed. def ng a aratus [.n t of.

FasSXGE &7 % o‘%’sSé)th?st ISRACINS Sromctrﬁaéfl rstr?t N

a0 ft:hestseﬁodld inank, tidhes¢ocand wreekthas beasdlorwighout
veiheen;eatraifiod @30y fed

eﬁlte % 5&% e%?@owaﬁr?r@ered%? ttlte second tar?k |gn ae

sitmsics Lyarirer 2 Sivdd iceé icsam TlokraPr6AeHHEFe iFers the

%@v%%'alglé $hgR ft'h‘@@ﬂé&%l, thefre dvone needt Ofcb@re in
ef oam ng apparatus, - - The secondqiﬁk arr

#b6indtiedm ke Iﬁ??‘%t“?énf@et (RISt dResCURP %ated
avethbhewgof apperitust tankiheecoadky,of t pa&s‘a@é wbth the

t he gaseous substances forned._.in ta

FRFERUSr SUBSESINES T HHR FiTsf15S aﬁ%ﬂh{'l'hlélté)etr:%hd 1
aadkany hieolfoam nghicnkisaar beénkéwrmedchalr gete V\hlhst tank
net.,hanol . | r ef e t

HEER " Bbkr et ERLFS  AERD 4108  SHEAEDUME Oteacrion
baseteirn ca‘achheawcmmdt hieapi e@édlangstt@mke TisEnRat-er S1nce
coaceptLati nllélz he 1@nkgéﬁgr!ﬂ]l%o é{@n{ﬂ{écﬂ@ily

tanks ma [ romthat of the first

donesnt £ ?Pf@nlél nPPeREREesCarES FREOEAINGS ?Eﬁ’agﬁﬁtlﬁ
The control of the water concentration is possible,
for 15 exanple, by neans of the supply of water

al ready present in the process circuit and by means of
the di scharge of water fromthe reaction chanbers. In
this context, it is advantageous in accordance with
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25 recovered as described. The vapours formed in the
second tank are renpved fromthe tank and i ntroduced
into the bottomof a distillation colum or a
rectification colum. 30 When the esterification is

e 2O0B® 6W0EI3 a battery of three or noPET{BRRE07{R@9107
overflow of the second tank.i,s transferred in each

case into a third tank, and the overflow of the third

ﬁ%k <L ARPTAPN a%? ahBka ado’%v@nét%'ézlrl? t@nka Hest tank
Panks are ﬁ

t her ew se 'stean heated. The
toeperiat gl ¥ ntakaRs Up die PVeéﬁb@BpPﬁaF@e‘f%¥§t tank;

Rieierabl y adj ust Eedt Qu@blowthel?éhééb@ommé&&es fdz:Bmed
- The vapours esc fromthe tanks caq; pqﬁma First
L&t otBe difdE=t atd 8 | MO Ao BT fi-Bation
€@, Thhe batonductank paed erabyt y fodiloyielf ecaslsi nare
he | awer LoDy of e The: vapgur, e
gﬁ éf%bt?%%r%en1xtﬁﬁe %?kggg?%er%EtegﬁlpaetE é here
ediper s landambkanob fanek tlkepeh diagroasehebHl I@éno]leaa%tedlo/
h3ue & dBmay allng, 05aaBauL R abail d?0the f preceding
exanpl e about

0 to about 90C, when nethanol is use

rAnEhe THSs taItast M A iRt 1 hel et PacT 9 es ek #a in

seRar gt eehdp w&nggse@a§ &ﬁﬁﬂkﬁfoarbhetﬂﬁnouof the first
constlt%fnts whi ch boi Ef%her Lenperat urnes, i1 The
I

ibdi ?nﬁo??%%?F%ﬁeo?ngﬁ TFECRECAISC aC|§3 often
&ﬁﬁﬂﬂxylsobutyrlc esters and water) are recycled, for
exanple, into the first reaction tank. The nethacrylic
ester fornmed can be 15 drawn off at the top of the
Goleurmeramdlcodl ddieywaieainsCoRC el Fealt i @xchangesstrler for

abten , of LMo @E DN @ FhedheeXeliapaer Sof| t whasrbegbready
ound to be useful in some cases when t nethacr%%lcthe

BEESLTEs £BolE bPTRESNS of 15FYF kast"d Yhé%
exchangers off vatechfcase taef iestctA®rhedtandxotmnger this

W th ter ,perforns.the condens 0 ol to
§orEfpErat ire of é%%u%n%%g?%u%bou %6%2gﬁ%'%§§awgggonghe
hnhiveetdonal dedhalve dtheexohate ereasitiern amesdlepte oo ge t griven

- apout 5 E cahQul. ﬁl%% éhQﬂEé stream fsamd hes a carrier

water - coo d condensat e can e i ntroduced as reflux 25
p0dt lvarc dihemsbe opUbDREERET &0 oh IIATHI LG Pperation in

gol ugpy i HowgyYehy | &ol§m§quabﬂ13{clﬁ)0&9énm&sl oscomplixthee of
net hacryl i c ester fornmed %/ rreanés of a atteri/l of m){]eyl

PREFT wo HWéat SERhgers.© cases K¢t

ReS Skl af-er, exaamlewhﬁchstth@ wretkest aloerma oooltngnbybe
means of .two r cooled heat exchangers connected
FRCSYFTES &fd ﬁgﬁlgg achi eve a further cooling by

means of an appropriate brine-cool ed heat exchanger.

oL &% rqfdlr% dd-dde procgss seeeaentt%qlmegxee i8R from

et hac c ester tornmed can be cooled in the gaseous
shateﬁﬂnheaﬁedofkﬁ?ﬁ@@ﬂcﬁéatléiéhaﬁﬁﬁ WPRt Rt et 2

%%kh@gatﬁghhc%QGﬁ%ﬂS%Q~%ﬂ@e%QQQﬁ@%maoﬁ subsi@ances are
en passed on into a second heat exchanger, where a

- 14 - further condensation by neans of water cooling
tiakes tﬂiea(‘é%te%iﬂihiﬁ:m nis perfexastl eitpasedus-tery of
bst ances can th ansf red intg a te -

k
EgFﬁé EEoFEﬁehégﬁ‘ ﬁﬁﬁ@ :ﬁ%% coﬂgeﬁéafggﬁﬁﬁﬁ'l%n S
birbhefeeekdd in each case 1nto a third tank, and the
overflow of the third tank, if appropriate, into a
fourth tank. The further tanks are likewise ‘steam-
heated. The temperature in tanks 3 and, if appropriate,

4 is preferably adjusted to about 120 to about 140°C.
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5 heat exchanger is then introduced into the

distillate stream while the renmai ning gaseous
substances can be utilized further or sent to

di sposal . The nmethacrylic ester condensate fron1t?e

#6c 890 8(AEB05300! ed heat exchanger is tReh/EBBPRE/ PR°H07
wat er - cool ed or brine- 10_cggl ed heat exchanger to a
tenperature of less than 15C, preferably about 8 to
ahaut, 12C. This- 600 d Ngrshepnear an@ad do@ the passed into
met hacryli1c ester formed having a significantly |ower
Borlorit bha TG EOABTE CHarL BRI & e W ¢ hohemn
the corresperdiciy redldmgist epifheefifecoad eth the lower

condensate_is then transferr to a S QL.
M6 O hePbr g{r%ﬁec pﬂ%@‘é et hacr y|Y%B§§?§r)%?)g{ oHi¥e  an

separated f mimtihe afusgus phasetedihe wetlkatsy phasesters
\g]nIdChalk%%o\Flalnc?s gﬁdig??/oﬂgﬁglgh%\i@{a@lcﬂoq;ﬁﬁ, Have a

f'gani¢ conpounds, peci y nol and possibly 20
fempleer tiumpur £ | @Oty 0fPt He® dREPUEI at? OTC st EpTnmey*FHPLe
%F)io%‘%i Ple O Hpedcf uilher asefestfranotoweveiseds In the
a

ready descri bed above, it b referred.to
PeEFId3ERPS FOLMIFe GRSWITT AT f Qe & L opolmaET=ted
hackyzselon st Ferestierdr it ixapquocesss byt feeds nghich boil
into.the first 25 reaction t . I or el
ﬁ‘ﬁasé”igglefredst’leﬁ[fpc? rfq:suc:rreusb'berﬁ{] he};He?ht (gPir/ret ac?€ {:clons
dstemliys rsorhashed it t Aciéni hwdalopydgoRatearicTisers and

?{a‘%%%%s step offers ddie 3Q.pardisuhas, advand agend hatirst

I's'oftén possibl’e to largely, renmove cors‘[_l[{)joun s whi ch

cqadtégd t 62Bkscofe atToHR T Sibsagiiit <P&ps r GR P©
bhewer euCtat e S@@}_@][ @tedhaq@eﬁummmage advledd by means
conprises _a m xture of water and_or [ onpo
edpeti BFry §Wﬁ§ﬁgge§né”§5ap%?%Fﬁ;y'%%?t%g§ ?ﬁbﬁ&?e?eg?at
ealHafgkuisn | Dt prtiaeci peenbef ased fam t her weeliesi Aad. some
However . it .i.S Conom C.r. Spd$h £
Fecye & st%eqﬂg%%gép sgébégﬁe?n?% {EI*(%leGaaSkgn °°
est etédsatioon seap Ieyrcheadiens i tinf ghich jgase a first
ﬁ;)ég%plegcch'a Qng%rl ha tH hefc dr@fer RAee RS hashigdhsaesder &nd
ave a strong tendency to polynerjze, it is #g)nqpy3ooc
easteo dddartageoGETWRER tE&Fe & | 3PPRkeRi FT HEPCH ’
eshiel G Galdem ofr iRl d et detdiedngechuadertakes a
merization is pevented. | lantg for  .pr i ng
to%r n‘é?h&g)P%H 21? antz partp SR 9E rom

0
- Recadsy ie aePl

eskens pal-yoeilicdatdconeltenteakespl ez elsherpdigced as reflux
{‘Eg)f,vrt]:?ilcer ¥:| e RGl ¢Qr J@{{b%g:g %AﬂCiQTr? st&te£dT sfd Ve haveo Bumn .

ow ra €,” SO t hat ~calmzones can form in
wWhivelvecontiacti sl astiadg Yowsrs s hlong-peteol Bt vigehhacrylic

@%Q@Crﬁgfrﬁéécbg Qedred haer \ i Ea@EE@gl &¥ @ore than two

olynerization initiator can be established, thih cap
5asubSEERRRIEYS | edd t 1S yRBPPzaton.* S nPEFFerfo T
E%%Yr@)me ,SUGh-pol yerephaatkt Qﬁeb%l"lgck@@llimg :c lbynmpalme of two
advant ageous to optim ze the substanc ow t
BPLEET CORIES TRTRTI R RO Sy PR BeF et Bt is and
rekhaceyl i scestées a ofurtdteemetdwadridg c bati depgs of an
sufficien

| hi.gh ; | . _ h
SuLielently bl oL substanti el gl ol nts 10 che

er "of 'calmzones~i's mnim zed.
Furthernore, it may be advantageous to adm x the

Fh-Ca, O TR NACHY! 1 €0 8CT §-8EUB! N3k RSt et [N che
methacrylic ester formed can be cooled in the gaseous
state by means of a first heat exchanger with water
cooling. Both condensed and uncondensed gubstances are

then passed on into a second heat exchanger, where a
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25 stabilizers such that polynerization is |largely
suppressed. For this purpose, the streans-in the
process presented here can in principle be adm xed

with stabilizers such 30 that a mnimum| evel of

POl 2OdE/ 048063 t akes place in the syst eRFT{ERRPO7£R59107
this end, the part of the p in particular in which
t he rrethacrylic acid or the rrethacrylic ester is

%{1 ?1% QOH&QHSQQEB? ntﬂa)at ﬂnQQng u rdf_n gwgfeﬁf thfoltlli*ﬁ_] takes

atron i s su ri at
@tlgma i 2S¢ sthis ]EEDl-ntSrt r%%?n Sf‘iaFFQtlﬁacr E’reco%%t\%\‘b%l?%%es

oL, thees. urthengpeerelit i bgerndmititd obbéne-cooled
advant ageous to flush thos arts aof th %I agrlne cooled
S

RPch ARCRABEGFc BRFd GIHRLIRLS y L SOt
Glelagul @tcﬁ@hz\i@é:h asb tﬂmmeimm@u@éd mong ot Hdna apostillate

pr ef I y of
2520 T bobl o1 IoL A EH Lot oty of of Ceraprl i 5ar
i irtetdesicr S chest oF. Seort exanplieposede Gfhq hgethacrylic

%%'%%%ns%to?ld%&ts@t%ed f'r%mt h%hgeaéeﬁéﬁaangﬁﬁér &@@Eéaerheat
suit l'izer, is 10 recycl ed |

0]
eas hengeie Jer?sttfflrerlat%%l%%l tifm SulWRtE aFO?F@ &%Elﬂrme'
R 1N hésti @}@H&Q{geﬁ stsprayedmpenstant! yod tlless than

tabi | d th t ab d : i
300 TSETEARTEr PRy Dohe 1T Rch A ndy THAL ToL Lo

@sale@a zoneslesd for nhien rrmeh@at:wl@t: et @ﬁmﬁﬁh hagfing a
L lél%%&%lﬁrﬁ&é?kcggtgﬂ#yw'E@fﬂn?@ ab1 AEthas! Yhbe1d

aC| I Cc ester he heat exchangers

blee b \ﬂ@ssawtémwtésf&ﬁmt?@@r%ﬁmm%ec THAargeP - The

Wil e Stabiddrzed solil | atheaf netdhacfetied acisl o  phase
nmet hacrylic ester in such a, Wa%fv t hat ﬁ“?tgl’tﬁ]m zones 20

EERAST N heEeRE 1 herS PFIRRECaPSG Fee ot peSSter)
a@vaﬁ@g%mtsi i firdthetpe oaqasOpse@@ais@d Heree adpernud gphase

t he ase ' f
ﬁ’?‘ég%dl ok p?”ggéss g %i eéplen?iyg?iﬁg?r om\;%gg)e(llm éttelrn%nm of
strepniar e qmgmdldshr oupPadia ldst eréi]fk%fml onepf anpossibly
Fegetner » ﬂ%ﬁ%leéaén EDohhicsienay; st 81 gasom xtepe ras, in

once again to renove conpounds which can be
perped®lien $6l i 4sS6E | AUrtRard #8r mieéééﬁﬂdl ylOYRESE: as

aneceol el e aQﬁﬂ)ter a'ltp%aﬁi I&Q @f@f@lﬂfbcbetﬁeﬁécjfﬁle

further utlllzat|on or Iﬁg he nethacr I|c >, 8ster.
Ghi& Meldtatrs et M t65t & do¥%a?h% ESTRPIF Rt %H ah
the suhsequyariatprepwrddesat iton,fesrdirme xtetham ythe first
acid obtalne are subsequently sent 35 to a further
£PESEHERt FoPhe esterification results in dilute
sul phuric acid as the remaining residual substance,
|ch ke 0 f en et | hzatdPbber.
rg%?g%5r|¥$§§??gn35§g?%e ZZtg%kgrlg% t he aC|d I n
Eh@rﬁnoceébepré@%ﬁ@@@rﬁ%¢% ERESUb) 66t naftepPPef 5 with

Eg%lﬁ'é‘%%gﬁtzeunv%tt'e&ﬂ Camhidl Ska-dised stﬂe;@orts@ﬁzr@n the
th a process for prepgglfyl gg met hac %I Ic acid.

ﬁélffﬁ&é:l‘l}la?c gsvertags dE8eFi bel i St hl ?Eceggs%f%ment
lr‘%@lfym | QMSnovOr | Bstpd@eds | N phiobi pl earcrudead  to
et

A 1sco<ir %laltgo?lcsl dll’? ' s%bcsrel'cquleenq:et h{%‘%péé' 'f;ro%?t %Becekgr(p&lct

The separated agueous phase which comprises a mixture
of water and organic compounds, especially alkanol and
possibly further impurities, can in turn in principle
be used further as desired. However, it is advantageous
for economic reasons to recycle this agueous phase back

into the esterification step by . feeding it, for
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10 subjected to a further purification in order to
arrive at a very pure product. Such a purification

- which constitutes a further process el enent can, for

exanpl e, be in one stage. However, it has been fo;md

WO 126 08A\V&BO&Geous i n nmany cases when sBER/BP2007/059107
purification 15 conprises _at |l east two stages, in

whi ch case the | ow boiling constituents of the product

I v N fids pr ification as descri bed
%g%gﬁ[%g ?glltso éﬁlg f@r u&et%éeltwﬁacryl ic ester or crude

nmet hacrylic acid is transferred first into a

di;sidd | abtanceQhypn Esrwhschhalet he Isewobei | tBgdency to
constituents and water can be rem)vded. t'I'ao tohISS wdn care
Prd Y&Ieddé Snetifacty | 2 BEREr P8 AT @St 1At on
GQl Wiken Nrnhileh esser i hiecadidin ioh nmetiperfolhedcidrthat
i nstance, ,in the upper .hal f colum. The col um

5 5 Pglﬁ@gtréga\l}%viltoﬁl s}%e rﬁeq'f 51?0'%%5 exanpl e, in such a
way that a wall tenperature of about 50 to about 120C

i eved T Lfd £ atd 0k 1S, pef faE e dotindethacrylic
r%dgbggéﬁ\pér gfgsru?%éi_s#}felﬁpigii%é%thi n the colum in Y
et erase oSzt 18 pr Hidisibl y TR 100" abolits™
6RO Hxbak 1 i Thea Pr @S emdt bbbyl he eeltemm B8Orénlyhéave a

case of the acid is preferably abaqut 40 ut -
doHr . £4ev t hdtEop SGF tltprﬁaetcgpﬁﬁ%, Cta%énl%%—l%%i I%iggl £oll in
Goristh t wenttscar e Ireertoiver. dvempard i g, P meyetween
forth%)c(:% e, be 3g ethgr, aget ﬁrh% metdwleformte. a
Tie Vapdur's are then condensed by ‘means of one qr, nore
pedtymexchatders i Rdriab@nprel PE R8S R PrGund’ i hea
%%%%%hubﬁt@?”@e%@s%%'quxgéﬁiz@Qﬁﬁﬁln1a condensati on

by neans of "two water -

2008/ 068063PCT/ EP2007/ 059107 - 18 - cool ed heat

exC hawnger st 6opesteent isuskr pbedymblowenerd pni toarsvagqual,| yit
ossi,bl e to use onl ne heat .exch e [ inf.
%?é’ Hat aé&%ﬁ%ﬁ%%?gga%é) porpgc{aen}l% ygltl?)%er%};lltB tgagﬁkéagmd% o
el ghef fetcat e tiat ncréasetine fEbw r &levandratie 5 < defhe
%%t%%%%?ﬁ&gth%ﬁﬁgﬁﬁalé n g staki ORAHRHJZESE acid is

nnec ownstream of the water-cool ed heat :
sxéhangentdy thomatér - 2ot eankad L 8x ldngeP TRy 1Fe Bl
bt isRenCophsd L&?é %ngf ebf bedlmt domedl sasplaaﬁmﬁhezed.
t0 connect a battery of t or nore hrine:coo
f@réi‘@%ﬁ@‘@rsl&oﬂ?é%/ rbeearﬁal‘\?ar?tta}?eeodjaﬁt f%r?l}ﬁetglli‘e ean
fChangers:yitie a@pduss areheongdnsedstprowidsd switable
st abi.lL.i.zer and

f le, f -
SR A8 “FapollP Sy, I R0 SSAVAE VALET any RquBeue Y

may ‘al So con n"water, any aqueous
phagpeewisiedh occurs is disposed of or sent to a further
15 utilization. An exanple of a possible further
utilization is recycling into an esterification

Feacttihor, Horpes@npteei Atgeansedfering QUGG T eXcTFoRCed

as Ras. heem deschd bete aBeveadnlifetinivs ttase; al el aareosisch
phase is preferably recr:%fcl ed into . the first, 20 lace. in
ESREr iF i BERIBATt ARKSITIRE rRADVRTE b7 gah? §ﬁ§§§ i’s % d

aser efdben ntsdhe. top ehithembl urie Sene off tiie plant

Qrgani c_phase can in,turn E use 0 the 4oBs ofne
3he FRE PCALhanga s Vi npre” tec e PLAY .

methacrylic ester is present 1in 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
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25 top of the colum. Since the removed organi ¢ phase

is a phase which has been adm xed with stabilizer, it

is thus possible firstly to effectively prevent the
formati on of cal mzones. Secondly, the presence of the
$M0ali0I0i8Z&6 89163ngs about further suppresBFBAEDRE 0 HEOBYHLO7
pol ynmeri zati on tendency of e _vapours renoved. The
condensate stream obtai ned fromthe heat exchangers is

?Jtlonalky p&%ﬁﬁé@?kil@d"] ed-yi t hadephnergkfzedchere .

n stch I cient separating action
Sﬁrﬁéﬁrh@raohﬂeVedaﬁnlﬁﬁelpﬁasédséﬁar%?o@-Va pgeous to

Rheler abhysby geans of shranpehaet ofrs adich methacryllc
reduced- pressure generators be subject ed ogFg a|n
he

£618 cMdenBaEBATBY  feafStSE onk® or CHHFELF Jﬁ%bt &
Qéﬁ@%&&%ﬁl&e Id£ hﬁﬁr@e@}ﬂaxﬁguhduto 2109Cad\pamif@ge¢113/ fuarts a
non1 rea en _such a.p ndensat | o
égﬁ@gﬁ Erﬁoﬁjoanhtﬁgn' seoﬁsggﬁﬁgtgﬁgeggf%%%uﬁw120 c
nneMUerhaimnumm cFors tekanipl 28T i in ime PErEibl kC tesFeed For
Lyntast gas %uba{eaHESﬁd&ﬂsaHeh cﬁat%qsﬁe‘épnﬂﬁn%@fel Ofeat

§8°0bt ai'ne ron1t e main purification of nethf ¥|IC
egchenerss  ThecadvhAFagel BF suckla thPdCedF 8P+ 85T ortS

%e |1%d I hid aned eEbbng 5 Uehe ad@ee@onat@anofcolumn such
c ester which has not been condensed i n_the

[
ﬁﬁ@ﬁ pG%FflES@P@ﬁ staBe ofite hbfe Vi'B°IHhE" phate sprayed
sepatahnarn yi ntmthe pdbilkiotedn celthmeryd iche ¢gter  or
RLeRuh L LGkl 115$ LUy ensured, s fore example, adhiat s n
Xi on oF i'el'd can take place and m ni'mum
Isosslegl ovayrethatr yid ccabt ergnegc Gen Nsi@bver, thge top of

%g‘ %nﬁle' egt i of therdesikgn andt her q&ﬁl\j&ﬁé@ﬂz@ﬂflon
es urther heat exchangers allo t he conpos& lon
?El.é:‘x s, eat

off ZGGFHQCBY@QES Febdi R t eSS ATEA 1ok cRShGer
%&@%@h@;@r}é theemerless  abyl ovohedssosdinglbe ladjewssed be

to th the pr ti
Sh=Efetatitde g § kg Tero, AR e ol B TR R e 10
est er[a’o‘haﬁﬁ:tytloj’c arst¢theisosceht ratwan bhat onObcﬂalhﬁngzoneS

ConSt't%FﬂE§e'glEﬁ8 crude net hyl nmethacryl ate overal

C8h rse contlnuousF In order to prevent this, it

may be advantageous to di scharge sonme of the water fed
e tHesSYSi €M O 0f ANSBY HLMbepr Qﬁeéﬁbhgeous in the

continuously. 30 This d|sohargE can in prin “
PIPEEEEd PHEFEIGRENIIES | WhSR/ of B&r 3P Smt gase

WBiphiwaher ¢8rbhed tnforidiel &y stfemi nptheedlng processes,

epur.i ticat he aqgu ous ha e separa
Fﬁ@gﬁﬁﬁgeys éWhﬁg} t?%h art hageg o%%ie%) ﬁﬂkough

chastddientSicdtti amypt et etogetberSSVJadvantag@ouént othlS

feed this e fqrm | tidd z
VRve bhe e%"?é %1%\?62%3 Sucg{st ancc%é’?.fi‘ pﬂ@h?EeH tld Z&Smove

companidat edhiwilt hcar g creupst@néss S|<>sllfdedo¥o iphel iquid

¢aRRUSIH 0N, Lhanbemdd aa:§é” pBYI LEL agi thbe@éagﬁfal point
process. OMm ng to the oxidizabhle constituents, i
tly

eadofpRi BevaPhE EQnTREFPETHELHLLIFREEGAPT a§P053
5 1n addition, a possibly expensive disposal of the

\ﬁ’%teg:ﬁne%gg%g}ﬂ%t eedstl,l\eneé hogt :aLquleg SUbSék?er]CﬁﬁAl Sc’vb‘i: l‘i%ed 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.
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Fine purification of the nethacrylic ester 10 For the

fine purification of the nethacrylic ester, the

prepurified methacrylic ester is subjected to another

distillation. This frees the crude nethacrylic est

of0 20 OFBASS | i ng constituents with tﬁ@Té5828?7é°§%1°7

distillation colum to obtaihg a pure nethacrylic

ester. To this end, the cru&e net hacrylic ester is

i ntroduced into the |ower half of a distillation

colum in a manner known to those skilled.n the art

Z@éﬂﬂikﬁkﬂaUMQﬂ|Qﬁwﬁhﬂrﬁﬁ¥Q£n93r©ﬁnﬂh%~ %chorrespond

to any design which appears to be SU|tabIe to those

skilled in the art. Howev it en, found

Joh bt gETES S FRECACES. POFer e tr PRy F ot RECEE of

resul piagept odusienstien tden diadisiol |l i uaedolnmncoen%tlon
rat ed mrth one resp

O 1Y T0 (R 1 BF PR ey adul herarre B rerrs. oF

jmesthadrgd fion ¢dtee0t has Idﬁﬁ§§lf3ledvvé(§l tHrougFeBySs element

TRLRACTVEL P &R er  pd i bmumrevel o soroabiert; deaduae

oul

spaces ormin the colums. _The degd spaces,

IﬂeadlatC@fYaLlébn%%t%t OFel § CoNGSr d8F o tiTeSBFFh&an P
RiRIEd e s eFsrtnbirChuptigietes ohheinr order to arrive

ly t Thi t ds t
oot FoRY S WS ALl oAl 6f PRS SBoroEeTar ghich

%@rmrﬂtsldaﬂsaca(eﬁhmmdrr ot g S aﬂn@nmt/ @&nco@we?xﬁ@pler
he formagion,.of edeaﬁo&e@ 8$ 'f’t hoth Bééeﬁesﬁcﬂih@n@ob)/be
su%P|C|ent ét t he col ums,

ek rttRarRoNist hia srmrf-y cucemeSarrwt}ﬁfl ofUh @ dpugbftﬁé’flon
~Fbrikansi@ant cfushiRg Hfaddie, CohUNRS candespetial ]Lgbw—

of the colum internals such as cki ngs |srg%gbggeq_

#6ﬂjﬂﬁ§taﬁ%%Stth%e%B?uﬁﬁ% Ry R Ugﬁrg§p%eV|ces whi'¢

%Grsd:e ﬁ@@@lri@tc&th:eoﬁpaayldtg;aﬁmdme cetem Tontterimal end,

addi he colunn inte S e

tczfuéjt‘?e rﬁﬁ%b SFYor Y co?ur?rhﬁgciea ﬁ%?%??ﬁ%gw dad s

aﬂlmﬂyrmhnﬁlrguchna@h@sl dhstbhhat have cal Weagin which

%Qom echng:éfn iLgast sahaut warand JBY e removed

pre era ast a out 10 interruptions for 1 of
atsthe@ilmr ge@tm thel engide TRENRSRGEIC ofStRESES gert o a

IALRTMURIH QRS BRY ukS, SehﬁCtﬁﬁléMCh:atsf@t tilkey addkeiop is
at | east about 10% preferabl Ieast abo tal?fo andthe

s Prscer abPy atPEGEECabot GenéFai'l y°rot

Ry 1&mirhanT88 % @f1 dnkre adheenhnlseameked@thltmh@theml for

desi measur e y. he 15 that { he,| regi
at"‘ﬁjgec’olJlﬂ'msutreléj1 NENEN ?thos ﬁeh}géfé&%e &8 Qﬂél‘lt

cs@nt aot aboit t tﬂ@(r?e.’t haer yacblegeérs ThesPurhan cabder 1s
f e%(:?“?l@!ié!rl eSS iaan SPhoLL,25% aRd MY &ssure within

re era e

ss than about™ 10% of all surfaces,
eskr@emcalmnyl ofn cdraurrrsat ek neRe, SFERT 285 hBFPEBReATY yabout

1;50 eﬁ(@ngbgutt QSE)OSH}H&? V\""'Tl@éd" ﬁﬁéﬁstlﬂéo \Ailftelllnlt’lttﬂ{e otobtimn
e colum nma e conrtjgured co (0]
srmftattee@%d%/%é‘f %re%\%%fge{%a@r%g ‘%%Jt Fas JP%g‘??h%gut

amuRthaf. 1iquid nmethacrylic ester present in the
col um bottom as | ow as possible during 25 the

operation of the colum, and secondly in preventing

GNfFMﬁattﬁg of thesamﬁmmn,rthspl@e b1 hbeler apestituents
eratures a or at| aces, dakd g & hey

@&' d?é??on ?gngggggcgg%ghtgggggs%%' ‘this cont@ﬁ% e‘

Ehammth@aﬂnmnﬁ aﬁdImQthﬂlfptmﬁﬁ%olﬁhh HRRPERT nakesthen

r ofrabaut 3 Id2 Ithanskenehesadl yr
aléﬂ’g)o% I%to Oo/rc?% thgeft%ggl Oam)unt of %tgléhacr Itﬁé or

eswaplien tHe BafuRRENTHOUREASH? e8eprEFdsed ih THis cases
RaNAg ah HEYr&hs0af bhddeseatAohh®ydingtdrdd aifi otwofwater-
met hacrylic acid. 35 In the purification of the

net hacrylic ester, its high-boiling constituents are
separ at ed fromthe product by distillation. To this

end, the col um bottom i S heat ed W|th steam The
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50 to about 80C, in particular about 60 to about 75C,
wth wall tenperature of |ess than about 120C. The

mat eri al obtained in the colum bottomis 5 preferably
renmoved continuously and cool ed by neans of a }

#0c RANGE068063 battery of several heat %QEﬁ%ﬁﬁ%?% 9P 07
tenperature in a range of _abgut 40 to about 80C,
preferably about 40 to about 60C and nore preferably

?%oﬁeﬁa%%%tOf éy%tébﬁﬁgétég)ln series. However, it
hismat er i al I C co npri sespredom nant |y netha lic
ést erquarhidr o&%%b}bh%yFPc S 1 ePRse a1tc g et

shaki Hozer . qun@or}ﬁ-argts,ex@a&@@mmIyreﬂeﬁamﬁt@pawed :

vesse for exampl e, di sposed of
G- { SHELTBE e < o Be” BOVANCAToOLE  n Rbay S 7

cases When ptdaa&'emt ethal fobtaitied | oft hse:actolqmﬂryboml@ms

I 2 r eC Cl e%olwrrllts re %fsft q:rﬂef 'v?ﬁéﬁo 'l?é‘at FQ;Echanger
teria romthe co ottomis

becytlheed viartteq: -tctoe lfeidy sbeaénléxcﬂﬁl’é?%’ﬁ/ﬁ‘am fet§ theine-

%%oﬁééanhé%€ tQﬁéhaM@éP a Miew o ﬂfNe@ngcoﬁQHb@Bléy to
vi abl'e net a very high yield, glatlve

KGRI |@ng]o%iah%%na>§f pF@@eanru Mt Bonaf CBRLEGnEReat
akenbeeyeled gplasthearst eridi cattieon maa:temyn 25 Atheat

the top of the colum, th th
By CHPSEEEFat | BASi & WIHS Z\%ﬁngancacrc{:ooﬂl‘sced‘? %&ngﬁrg egilf Sficn

keabiexeckangerd, orfcar baxsmepye of fedo tor m@%ﬂeparator
xchan at -of V, c I e/pye

négﬁg gﬁ{MAYJES%%g Egghégggéxgﬁgﬁég?s%gfggy neanégﬁ$¥0us
Bhalsei nibLichol aeFuieat i exdhaRgers BF BY medls ot & further

cenhiination of ahe téﬁbmﬁleha&ﬁbeeﬁ.fOpBésﬁblbe usef tiher
in some cases when the vapours fron1the distill 'égk

SGHHFARE™ r ahsf erTET T t wd TSP nofE heRf ol - Cation
Qé@ﬁ&ﬁ@@fs:mﬂmne&hmglen:pﬂkalhnlesManﬂfnma&mmmrQ@@Qtlon
Fﬁaggl ﬁ%%%}g Oggégg gﬁet%ﬁ%oqgﬁﬂ§64ﬂua aqueous

er cool ed heat exchangers can
oz sex anpilse, @geferably recycled  into = the  first

esterification tank.

The removed organic phase is fed as reflux into the top

of the column. Some of the organic phase can in turn be

used to spray the tops of the heat exchangers and the
top of the column. Since the removed organic phase is a
phase which has been admixed with stabilizer, it is

thus possible firstly to effectively prevent the

- formation of. calm zones. Secondly, the presence of the

stabilizer brings about further suppression of the

polymerization tendency of the vapours removed.

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

can be achieved in the phase separator.

The gaseous compounds which remain after the

- condensation- in the heat exchanger Dbattery may,
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i ntroduced into a brine-cool ed heat exchanger or a
battery of two O nore brine-cool ed heat exchangers,

- 23 - which may be arranged in series or in parallel.
The condensates obtainable fromthe heat exchangers

ale 10gHTHREB i nto a col | ecting vessel PERAEREAL7Y§58107
buffer vessel by means of a.punp via a further heat 5
exchanger or a battery of two or nore further heat

'P%E:Qa ‘?r%la?%'s leS ce@eked, 550r reduced-
é)xan'p e % @gn a %téﬁft e%ﬁt %g#n gﬁg or tvvoa reduce
S IEt0| EPTRERT ahakfer $ @R oPGRo 393in to a

hrdesco0l &6 heat %Pé%ﬁ@ngéfs 888N 40 andreNpETatlice | heat
a range of about 10, to about 20C, prefe abI about 2or

P R G g 0 ot S S
te@citmi A PR dorsd Melaen | susht adpamendanshelonndenéanees

stream and i's recycl ed into fhe distilhation calym cne

VY t he®15Y top t he <€51°GmMT. The condensate stream
qareher fffeidbd tritan + hEOtopEWH]hE coFurde | RopFitRépplte i Aeed

he a%@;m%gée%é hgs\f'aﬁcglsSttrd hytars, HowewshdehkalR¥n,

geous portion of the condepsate
st ealt #ne@d fremo ‘%% PapBuPUGidd e t F‘SEhBFrYllC

the 6ol UMine20 dRintexadpbe spayed | protéduseallsies, for
preferred that this fgedl ng al so _introduces st al I I | Zer ¢

SRR t opTof FRENEGFARMTIA FTPTHher Dar PoSEraam
&ﬂ&;}@mﬁ&m&atest@fewdedhf dra25noecpebnngdnien sete ln the

col.um can np e ch f 4440 the on
\%apour ?%%f%8%0r§| n @a %ct ?gl%%ang‘%ggl ntlr oduced phase
diemeotd oo nt 6 ntlve tebeof pel EEFAMON Hor 18 j iy s the

gﬁ%‘ 60 dhatod hise f egdicRgsi RiTQAUEES ﬁ:abékmple ; ntaat
he “top of the columm., The i ntroduction 30 int

t%p“@?‘lfnﬁéaﬂéépﬂnnogaryjtfel%oﬁ@n f bRKEx & i u'@ﬁnémum (
ways ddat dihe rddiesdorl of tdaetéﬁ@ o<f>c<t1l:u:e coMompoirer, the

th th d t |
e S ST ER BF s it aEhan Rt (R fon of
negtelrac r@intrheestlwau: axpongers zal 1ows nelye addinppenbipy of
5 beo%@%QEt EAUS, Cé: %gea 5LaPi |d.z8f fQ-Dr e¥epLiEng1 1y

neri ionto ensate part-streamwhich is
rtérm/cicettantt ®ft Hove HUMETSThite Qh 356 WEdTe - f or
exanpl e, by adding an appropriate anmount of - 24 -
pol ymer i zat i oni nhi bi torasstabilizertothe con

ARG (o 9 TR SRIGRE (or G Sy 1o P RESPOP. bf CRheon OF
Q:Qiel»lmne‘dﬁad’h%sli@eneé’oelﬁd t ehbe achtant ageousertn some the

cases en .t.he con te par af L er N

ﬁ&ﬁrlﬂgcﬁ & ?‘ ere tcege%g?e!belnt Erj?/ |%?$_gﬁlllng
tcam safi tieen teol imm th|eas<sae$d¢ hmetgtila matihabhel afisi agerall
a %arrafslés &S l&a B i e M X préve@f dERi1 40 it may

I eve very uni form-di stribution of the stabilizer in
ﬁq@e FORITRIR@IPaF - SLsehmrge some of the water fed to

the system out of the system, preferably continuously.
This discharge can in principle be effected, for
example, in an order of magnitude in which water is fed
to the system in the prepurification. The 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
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10 The uncondensabl e gaseous substances which are
obtained in the purification process are, for exanple,
sent to disposal. 15 The crude product present in the
buffer vessel is kept with the aid of a brine cooler

O 200N P86d e of about 0 to about ZOE?T6?B?8936999107
about O to about 15C and norg preferably in a range of
about 2 to 10C. 20 In order to renove any further

II‘A:]_ 3 J4 o the BE%QHQE aRgdpbeaArEkve at Add rapur ene
nmet acry ates the uct can al.so be subjected ﬁo an

aﬁ%@m&%ﬁhﬂ@-pu¢h@m%%¥loﬁnstdae sl PRES 16eerf $idtind L 53B8IC
Ysefddss fObmﬁ%@TDlt%, when bbt@.dﬁlz&%llér odvaktasuanwvhol eits

or at |east 25 ortion t he oduc

FELTidd & Ut ? St netnalars o bl af e S BareLy-

%ﬂWAdaﬂﬁmanzxnphgsjbﬁyneXpenslwsp@r$p¢$qlf@fntbeawader

for d.in .1 pr.epar 0 , t hus, bghﬁgnnggg
P e e 1 CATHE praRest Serean | ="

ammudadmﬂly 30 been found to be useful in sone cases

when the product stream after passing through the

adsorptlve purification stage, also passes through one
& nep o rifiicatd om ofr ddie g m}’cl]éﬁf%q ds present

in the product. 35 The streans obtained in the workup

conprlse redoni n, poly rizabl e co S

3Fﬂbr}Fb Wﬁégkf%ﬁﬁ; dt%%ree%ﬁ%anﬁgg ?%égﬁlsthe
@ﬁk@mxﬂﬁemﬁmtmeNMhQﬁ@Bi@6&@6&@CTMEPE@@7EO§9@OWII agother
t qes (t]:f/ QnTRLIQN of .calgmzanes, i é)ﬁ@@é Reens & %ﬂgc tog t er of

ant ageous 1 n the case o Irocess escrib
ne:rse thihwien 1ing parersbi tuapt amltt/tm &hecorfetd nt%f a

Qﬂ%ttqqtla‘ﬂ'foiﬁ Rf1haes Wd %Mﬁﬁ @r@lﬁ@nﬁéaﬁidzyyii@\l\édter
over with nethacréllc est ur.ther, enbggrgguced
&thﬂiﬁn%ﬁ%sst FeSEHEEd cﬁyaﬁﬂt 2515 %aht of
etkace ki cleséer Hal ft heifef ar ed s t hill awmom owssitureamiof a
t he buf er ve sel but upstneam, f .t sorptive

e ic B $Pa§Ess gr #%ﬁ?é%t¥ghs§gd over the top
regi ons of 10 those heat exchangers which take up the

l I r n (@]
‘t%%o%tssélbt ikl &ﬂﬁ ecdhstid L ation ool wekrdfifond t

produc e purification stage is
suly's e desiony Whﬂﬁbraﬂﬁpﬁﬁéﬁttﬁ@ pGEi f FEatPBhSst Bge Ehose

\Q'ktllj.lls@ ai | epRer alr.e m&w@véang@tofhaaéooyéens foandbaid be
preferably about 0 to abou

20C
BEPEERBEPUS &Tr aRg8Yof CAEGE %OFO E%& %P%?BEinafofthe

theuspenly agirdR@t n v prideessdpseskemteitbher eolumn  is

b d le, f
?EFEREF|CV%§€§ 6Hta?%egxa ?hé)progggie%&lEﬂe &BEPLspond

pprbxdatited vi nootder fiod lowisenraauiyenesic e it back
into the process. In this

Firstly, just like in the other lines flowed through by
methacrylic ester, a minimum level of so-called “dead
spaces” should form in the columns. The dead spaces
lead to a comparatively long residence time of the
methacrylic - esters, which promotes their
polymerization. This in turn leads to expensive
production shutdowns and cleaning of the appropriate
parts blocked with. polymer. One way of countering the
formation of dead spaces is, both by design and by a
sufficient operating mode of the columns, to always

load them with a.suffieient amount of  ligquid, so that
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25 case, for exanple, a stream conprising spent

sul phuric acid, as can be obtained fromthe
esterification, can be contacted with steamin a
flotation vessel. As this is done, at |east sone

Mite 9018/058963sent can be deposited on Pﬁ@@ﬁ??%éoéf’lm
the liquid, .and these 30 depgsi_ted solids can be
separated out. The vapours are subsequently condensed

icoon[ ’%ﬂ iolbaats &?ﬂ?fdof peaterabl it thhoed 8fe £001 INGot the

into the esterification reacti.on.
35ﬂﬂ¥mha§n§§éﬁaﬂ§unéuﬁé beS adRAFEERBDUS T n 25BHEEFsesTO

%hﬁ;rtéagﬁlrer OSi1QN &81@heYenbed hiaRret f@:{]@at%@xﬁwq&hmhndre
the Cooljng actjon is inprove rther in g

£efians%e ‘?rwﬁbgr S%@Y&Fﬁan‘?g Eg HX“ asrt‘o aalcin%d In
Byid it 12 ,- ﬁméu@bln@mlmntHEnamarmayﬁbarmpnnected to one

est 'f' Cat' ono'.” :‘n %Bﬁhﬁhoa‘vhgn %tEE}?ugEEBaCBMhé%lon

&St F4r ed, t eat exchangers in such a way

tsmtma he swps aﬂhaheoheatse@rn@halﬁ@‘é@s alr e Lessdy e@PRER 2/

% |5 P4 yt ﬁtl M &;2ddidd At t 8 t hgscardsasi (f_iﬁ'erf%(ila@l@g at
C

tion an e cooling of the acid in the éh
RSN GEPOUE hi 8 PRGEETTRE HPES of Phir thBr SdvafteREon seam
NetRytial WHech EéﬁgﬁhffdﬁntiEE§étetnfEﬂﬁﬁpDnoﬁa may be

t f t d t] th
el AheP L eto BRER IHia: Phn T ogBest Geifer 10*

Wﬂdfdxlﬁ)hwté]aCﬂﬁlalS& ahalian@ Ofetdiadr yhoire awt erably at
. 4 hBrihenshr bpPesE th
thempbove J&es@co? ggo]lt_f %t aetgjf%IR?eI%ét - .

n aftfords m xtures of aC|d
asdhesglands seaft elfelﬂ%@ﬁr PERSVET, EREIENArBeITHEC t FahyPe

frprteher; 1se,0ri At A i sRosehs d)f tBepessimhe, ebpecially

exanple, to incinerate the resultin re i n
SOfPag¥hBLEnt CaMA hEnice t%?Qﬁﬁ?ﬁlw“%Jﬁ%hE ¢ BEFgacrylic

_@aidrd,0 reegoufars oo 3dve, epeefyraiskd lasghehan about
rqce 20 The uncond asgous ungdse of a1l
%ﬁtalﬁga N%:?%eF%iruéﬁgﬁ ai% %ent to %% ?ur?ierchsea
eurdispesed afspethielplvant @@scr¢%@@mherelﬁ%?rﬁéh%V|ngrun
3kl 42, gL hepspenteaghd anghéorstnﬁfgclﬂhmehmﬁﬂ alknto
e

ron1 sterlflcatlon process i nto_exact this 11
phec et il @b beepepturRedant die eSEbt %ur?% 8811%8? Y

I8aSPNSH 0bpoRELAt i aded | abhbthyr heasulet ance, coheist
t wo or nore flotation vessels an b useghoffSEt in
ac Se esFer

e kespice s&Peds 2BgH Set Pfe &ﬂuﬁ t K& s,
éﬁéﬁyhﬁﬁn@@eoueltmnrbnﬁvemthsmhdwwa$hpogambl@uﬁaring

L otati on vessel not hej d esen i
tﬁ\e;erﬂgegﬁaltﬁ?ﬁ hefr olur\{ug t%’gguﬁ%&g dﬁ}]ef’ﬁ ﬁrevent ng
mtdﬂﬁawur@ acifd obha$ nabineuby t K@ pragdss aekor BPAgrate

mg)%rtagl%fe%ve dofag%g of,abhesrBbhad il 25t @iSing the

e process accordlng to the invention
IﬂVd@qﬂa§§onfllﬁ§ BBAt PRgs2IHBUFBPRGUE onfdos ttiEnsContext

ARUdiNES 2 rRARAY 'B%‘k' GQ%L@LL&('J_I& afh&€Scoleah hesttom makes up
auxiliaries, - Iocc | ant s

ééUﬂ%FVé§HQQ1Qﬂﬂﬂquﬁ101% ‘%r% én?%g ngﬁ?¥%%l¥e?%?ut 1

@ fidyy est fhé MBot&dakinbysL mﬁMmhunpaxyﬁmsleamnm in the
aper maki auxi li ard

| di ngs e
GﬂPWWarlgggfﬂ%%%ﬂW% sPangs 5%|?P|ng addFFf@ggaﬁﬁ' ch™
aﬂ@cb&sadA@mea1meth&cdybtala@mdommaﬁ|mﬂﬁh§Q¥VlﬂﬁeaCld
process according to the invention and on a
et hacrylic ester obtainable by the process according
o tthe pwaftication 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.
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Vari ousprocessel enentswi | | beil lustrated 10

hereinafter, which can in principle be conbined with
the present invention individually or as an ensenble

of two or nore of the process el enments nentioned.

WonB 0084668068 may be advant ageous when ?%éE%?%QEé%59107
el ements presented within_the present text are

conmbined with the 15 present invention such that they
ape ccopRped s%\b%f al{ln 40 6 M8 1B P IRERES ef@rtcprem@mt ngseC,
esters of nmnet acr¥llc acid or a groc ess g Rreparing
wathaweyli ESHEEFAtHEReCér 1o8E SHEMH 8PP0 168 Poi nt ed
out that advantageous effects can usually also be

achi eved whe he . ect na ro r -
|H§en¥T%ﬁF%%a ucﬁ%t§ 3% d |ﬁnano%% %Oihﬁngr%%ﬁ%%nl e

p@&ﬁemeﬂlwlﬁemnmuﬁ(ﬁomtmnmww&bﬁsaedeﬁ@@ﬂ§dpﬁésam%ﬂﬁ of
her Sedt ep@é@ﬂ%ﬁ@e:@f agetane g @E‘@Pydf b? 25 dveddli S heat
Srocess el eénen acet one cyanohydrin is prepared by

eantrenbyrkndwn ProeEBSE3tYERe 10f & BXAWDI 8L Gt S tO

vBé}fllﬁl QR&H e (dersd.eohn) sghen: Chente, abidutEddd®mnd more
[ume 7 Frequently, the reactg &8 g g are 30
a n

Qééﬁ@ﬁébﬁﬁdlﬁy&réé?gﬁle Fa@P@utTR is an

exothermc reaction. In order to counteract

conposition, 9 the a etgne ¢ n f
Fﬁﬁ§ r ealfion; 2t he hegﬁ g rea%$ﬂ§%¥?égtyp?%9§?0ﬁpnantly
menbheedyBy ca eemarablke/marmqmtym@ resee ¥ onme %%yl ic
congucted 1,35 Piéf‘cb&lnﬁof:'}én@s bat gh s@ﬂ:%‘é%ﬁl%r&flye}s Wa a

contI nuous process en a COI’]tI nuous

§t@ﬁ@9ﬁedve$%%lreéEPioﬁXP§P¥?eq@éﬁﬂ%?%irP rﬁ%ﬂ Fﬁnﬁ to
Loepheeacidy. 1t2&as VBé&h iEduhidt tesl bet advantageous in

appropri at el in feat ur.e of neth d a g
PREYdIEHF T4 %?ﬁﬂth Fn i elas F%HS?téﬁ?t%QE t%§dumn

beaebmoni pkﬁﬂmﬁkx151nooledmates@Eﬁuéﬂ@ﬁ&lp@acr¢@©tlon
e angd he gt Shi1.ath | Bobhe

EOFec?X%WPf tﬁg&?egg ?gﬁéi JE%?’Eﬁﬁ addition, the. Ls
reaytiled prroducthes fflr@uemm]y adhigePiliah zhse to the

QBQF(%LE%P@ etlg;;@b' lhzet &0 {heyadvantageeel, tbeosyeteally
n order to prevent 10 deCOHRESItI%ﬂ%I N Hhe nioh-
Uéebée Fretlind | aer awofsp ROl vée gty hig

%ﬁ@&h@' Seompundiyi Ng-fertthe iacetione avildity dbotyamsc are
aci d ctants gan in r|nC|Eée beegfgegged in
€§§¥ﬁ9F | LCP5 ERAy SRES T I FHE e Rod ®8F " Xi'ng depends
in particular on whether a batchw se node, for exanple
tch reactor, nu mogle, Ml&er
hﬁ tgmar&méﬁ |ss§€g%% %ﬁ?npn%%%yﬁ@
pay ifie cddviant ajedusl WHePTt hé Sackt Bher#¥n f &t n€80t1ﬁé by

{nggﬁts' %@ v ah@att. egebuahheyessels Whehehpsoa swaubiermore
ower enting lines which conduct waste air

beatarrchgraesEond tendrIRFd e ydln ¢ 3RIH T aTPT HU'S pgmoved
Egn deehed o ff Qatexamaed Meeltghddlismdeaserailyy vesses . of

In the s bi ng tower which is_attache he
PEdBRIGPPLE sng heeﬁﬁé?g 95 P escap|% qg%g?% a

E@&bﬁﬁ@tﬁoﬁeﬁﬁEhjﬁﬁﬂnhﬁ srtuhbedbwehhﬂmuﬂdnﬂp b¢n@$erI

renmoves h drocya f e
FBeyiTWs FESPRL & e %%%céégﬂhéﬁﬁ f é E%fidgggtl%%a%bon

emaumhearsoMEa@Eﬂdn;a@nmNWDdﬂﬂaéetmmgﬁrﬁ@%ﬁh@%@ﬁ%@%ﬁ¥s
gneg%ga\/q‘r{ E#nﬁﬁfiei nt th_LBﬁ ra%Ctéﬁé‘rét?e&OB?UGﬁe%glé Nof

stre rough a cool er, preferabl uéggg &
tmatﬁe cOoPaANgi-nt hehe WeiPrsenses s dy nd-1e

thecdesipedar eskht | S ddMiReR eves, for example, be
introduced into a Dbrine-cooled heat exchanger or. a

battery of two or. more brine-cooled heat exchangers,
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35 Dependi ng on the size of the anmount of end products
to be produced, it may be advantageous to feed the
acetone to the reaction fromnore than just one
reservoir W) 2008/ 068063PCT/ EP2007/ 059107 - 29 -

Wes 2108 /106 80K6i3s context, it is possibl ePEB/EBABATHP59107
the two or nore reservoir vessels to bear a
correspondi ng scrubbing towér. However, it is in nany

cases sufficien nl.y o t r eser\ol

\Wg‘slé% RS eeq%fﬁwggge% t%ﬁ agggr%gs E%nd?ﬁg p\s%lra{}bltﬁlrfg The
tometensiat eshi obtasdaabile | §rohoviever heasft efXEHFRIEEFe are
f00 LRtsespondi B Li ngs1 vhkehngongiiede Wasie) aigendndto  a
can transport_acetone and hydrocyanic acid t bteh
corddisat e FRbugy t‘ﬁ‘?%n%e§§elaop}gfnﬁr olrgh f"hifglr er heat
SIURRIRG tevera Battheyt esperadair erofméhe deetrdre | heat
the reservoir [ rinciglee b% vvithiqa

&Sy ar rlair:]?g?l%ﬂﬁ%, pr 6virged t hat nt%ooj’ed for

eSSt art e acet one
lexainpltehe by quiednst ab® at bdetempr ofr icite penperat ureer -
T%%lt %mf'l%ra%t %%Hhé{hvésgkes rEser ronye@ﬁ@l btPne-cooled heat
advantageous|y, "however, about 0 to 15 about 20C. In
tehs heaehlsi GPWovik? |, 2t RemAesRbRESUSBd 3 GRS Ubbi HPrs ©

¢eol gdoby BRARS %réﬁeﬁ&ﬂl?p@k@& cooly , abetit exaVd eand
by neans of a_plate cool er, \é-Muth brine to.a,

oS PAEFEE 361 Yahdu A9 SabouPRYE. rﬁTlifé) tlz)rrg:gr ature

of the acetone on entry into the scrubbing tower is

her ef ore preferably, .for , 0 Ahou
%‘c.Paz%t ﬁ]telp%%r 6%ya“ynl|tchcgrca}v§‘f<?gg%rlﬁr gggi ntgci eér%'eact i %ﬁream
eawd bes i mecydiedd imto the rdawitiorladidver cPAUMRqUiig ofhe

}t%ggaéjﬁo%%ef OLA uthd . Mhe fOENEXAEREE, e LUdEafabe fed
romthe BVA process or. fromthe Andrussow process. SQor

THE Chyrdico GoP Sfarfittfe TR of! Xk 2L Del T i Hief Y24:
feoy: n@i@@' ¢iby t hecsysevokoal . appHopeiate coati ngmay be

brine. Instead. of |iquefi.ed hydrocyanic.acid, coki ;
S5 AG AR B G PR Bhcipl G Ryt g ve SrLEl 1o
Cflyéa'lﬂljdﬁ:-ccotﬁﬁ@l whpgueokiing clswweaskes, tabt @f straibbdhgmn,

t ot a ar 5. scrubbed.continu j -
\émé)ﬁnteoraén ?Lréenﬁp%}t;%d a?(:{}:t o?g 1GOUIRI PR dried that this
feeding also introduces stabilizer into the top of the

column.

A further part-stream of the condensate intended for
recycling into the column can, for example, be branched
off into the vapour line before introduction and be
introduced directly into the top of the column. Here
too, it 1is preferred that this feeding introduces
stabilizer into the top of the column. The introduction
into the top of the column can be done, for example, in
such a way that the interior of the top of the column
is sprayed with the condensate such that no calm zones
can form in the top of the column at which the
methacrylic ester can polymerize. It may additionally
be advantageous to- add a stabilizer for preventing
polymerization to a condensate part-stream which 1is

recycled into the column. This can be done, for

- example, - by adding an appropriate amount  of
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whi ch contains 10% water, and the reaction to give
acet one cyanohydrin can be carried out in the presence
WO 2008/ 068063PCT/ EP2007/ 059107 - 30 - of a basic
catalyst in two gas scrubbing colums connected in
Sy i200.8 /106 8@ 6f3ur t her enbodi ment, a gas RER{EP2007/059107
conprising 5 hydrogen cyani e and inert gases,
especially a crude gas fromthe BMA process or from
t he Andr.ussaQw_process,, : be act j et I Nthe
tpr?gyﬁ‘}egslez icel “f a %}iﬁbcﬁ?}t al agsf an%@%%\iejf %Z_négg e e
cyaaEmeditien Har tar sgasealn qimtdil'\r@tffﬁ]? oraniiheChrbeessor
described here, prefgkenetn F@inentd HaIshdgant Edous in
crude gas or an Andrussow_crude gas. Thﬁﬁgas mxture
SO t¢RYLT r BAEEh & o oveREREF IR d PEGST Sirer ¢ pr Stesses ¢
fQfq 1prieRar 6N J chydr &geh Cyada deutarbdnsednasyls5rguchthe
or after an acid scrubbing. The crude gas,f.r he BVA
pobcess, | MPSH%SS&&?%?Vt%}:};Schya%i isué“é:%?ltaendm d
hyg=agemsar e phrefredflyomameshate candiaamoni an cergarnsto
typi.cal ly 22.99 I - Ny, 7 1,89 of in
, vaﬁm‘b?/rﬁ(/o‘r/%?r%%“? %ESFQ%%EOE/?%? bty o%/@éNyé??Ji. 7%
he2 Corglamsa tef PeRA.- Sty edife known Andr ussow process,
hydr ocyani ¢ acid and water are fornmed from net hane and

ammoni a and at rpspheri c oxygen. The crude .gas_ of e.
B sERIsreedds W%&y%gt??‘%%n%%%d”ﬁ%cﬁh%r%x§%g%1ned

SQUr€Re pOaRLAalBstlypi ealdaes8%dye vofurme ecbmElN,, 223thyto

5 vol urfg of H2, 46.5% by volune of N2, 15% by vol une
S5 3'5% by vol ume of CO, 2.5% by vol ume of NH3 and

0. 5% by -vol une each of CH4 and CQ2. \Wen a

st a&f@dé%f@&?& céygsegesiar omdt he BMA prasess 89 Rept
russow process is used, the ammonia present in the .

oridde ghs falshueht |y RELESasCAOLEE aPfsta f FETHFEFature ©

rRARL QN Si Wt heo eTos &F i asent abbeut he €o udleogasisec

(r et 2icesds, e, arount ! pulades g catalys
acid 35 used for stabilization, such a crude gas is

S TR e, BT PR O N (o e
aoicdhstr ubbédtor wderigas at ultrapure methacrylates, the
product can also be subjected to an absorptive
purification stage. It has been found to be useful, for
example, when the pure product as a whole, or at least
a portion of the pure product, is purified further with
the aid of a molecular -sieve. Particularly acidic
impurities, especially formic acid formed in the
preparation process, can thus be removed in a simple
manner from the product stream. It has additionally

been found to be useful in some cases when the product

stream, after passing through the adsorptive

-purification stage, ‘also passes through one or -more

filters in order to remove any solids present in the

product.

The streams obtained in the workup comprise

predominantly polymerizable compounds. In order to, as

- already described more than once in this text, prevent
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is used, it is then necessary, however, to add a WO
2008/ 068063PCT/ EP2007/ 059107 - 31 - suitable basic
catalyst to the reactor in a catalytic anount. In
princi pl e, known inorganic or organic basic conpounds
wWay 2008¢0i66863s the catal yst. 5 Hydr ogeRCEAERE 7*@59107
gaseous or in liquid form gg a gas mxture conprising
hydr ogen cyani de, and acetone are fed continually to a

Loap #eastiofod Nokhe.gantifuous npdesd Nbddh Sfeasg, tdhebe
'oop reactor conprises at |east one neans of feedi 9,

adﬁﬁ@ﬁég@PWﬁM}Qchﬁn%a%%cﬁfn§§ﬁsP?ﬂ?%ﬁsIé%ﬁﬁrihﬁé ere
reansHker thrediang d icpitherpgaseoutsi dty drany atmio acdukact

or two or nore such nmeans, and at _| east .gn I
Pbi T BRIy t== S 1 S5 o CCREKAEHY drgvoy Dver Shich
peiheicple iany eakkal.i nénl5acofpothds, swbohdasempmodf a, the
sodi um_hydr oxi olhution gr 1SS y dr0x} Hen 11
BEPGEFSN, Pl %%%g%gn*%ﬁ?a| gelgﬁégﬁégﬁg?gngof acetone.
antetry dicyharefared wic hginpemacde et esahoRy dihy. Putter
&E@@%ﬁr'bhE hagsak-eambegr fouad s8sbepadvant@@ediiscation
en the catal yst used is an grganlc 0 - catag%éﬁ, £
65p6€I dl yorASENitRe. PBUFL HBPEYexTFl €5 ar E°BedSdE? ©
ehokert it amnnesaseehs aswdi ehhykakeneup the vapours

di propyl am ne, triethyl.am_ne, tri-n-propylam ne and
Fﬁ@mpﬁég.g%gmAthgogl %&g 8 1 08e& ﬁgmﬁﬁ the process
el enment descri bed further conprises at |east one punp,

QEetmg QLRI e pUORS e qandnat theast PNe; BLXiHE stage is
appar atus. “or two or more such mi xing. appar at uses. 30

Subeehhensdpyiahe ey fLes fihe AU s 3 Frage with
éuiéa@é&iﬁ%@nﬁw i&grgagecicrﬂ:ugamgfm o theabeact i zorc,
m xture in the | oop reactor. a m Xin :
Rpparittisds 2hPE Gt ﬁ'%%%@t g%aar aﬁrﬁjge%oro% é\lﬁ%ern% iy et
gl eaeBks o@ndbsaccal lked1sratic mixers in which i mobile
fl ow resistances are provided. In the case of use of
static mxers, suitable exanples are those which all ow
anraperaygi oflather spehér agfidat | east - 32 - about 10
bar, for exanple at |east about 15 bar or at |east

about 20 bar under operating conditions w thout

Ehgihihel EaRCesss PUeEEnsRs NF e Fuldy diff iyffvisable, for
ARRHOREI atie, NkXes ScARY heongb&it obupbaskie ercitetabtatned

Sui tabl e plastics are, for exanpl.e, PVC PP, H
PODF, /A BFOBFRE. NSt al 2ni P&rﬁ%ﬁ?t Shsi st™ fgr%er ko

exdepheenef ynireksiclal iy shazkr tonbuirhet ipragiess.add tthels

lﬁ.lf‘:lggr S!'fiol;‘_rgwe.gaempsluei,t ag l &tBL&m fc%rmp%%qrﬂlge sﬂe@ﬁ:t aag}g}%ric
acid, as can be obtained from the esterification, can
be contacted with steam in a flotation vessel. As this
is done, at least some of the solids present can be
deposited on the surface of the liquid, and these
deposited solids can be separated out. The vapours are
subsequently condensed in a heat exchanger, preferably
with water cooling, cooled and recycled into the

esterification reaction. .

Tt 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
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The catalyst is added in the | oop reactor preferably
downstream of the punp and upstream of- a m xi ng

el enent present in the |loop reactor. In the reaction
descri bed, catalysts are used, for exanple, in such an
MCO RO B/0BOFS t he overal | reaction is EBRGERZRRA7AP52107
pH of not nmore than 8, in_pgrticular not nore than

about 7.5 or about 7. It may be preferred when the pH

R{E%}rn%a ﬁorﬂh%arécﬁﬁrél%t Rien @nd a@’@e?ﬁf@@@é‘&oﬁ 3d Othe

or exa out 6.8 to about 7.
Nllr@tfﬁ-alalt\?@lﬂy ©5 tttté% adELhRERYSE Ct heSteak al%¥§tpa1rﬁfio t Hato

lLoQP H&BACtOE-HiowWSES eam sfichhe RWRD tand upst rease off ache
n1X|ng apparatus, it is also OSSngt EH them? cess
destt | BEGIPHIFEEd BRE cSPAPYSE i HE6™t hE Tt Bop™F &5kt of

251 diegeinherc oM tthd hec@ces oiten - tedseichy a @cats:eqnl tam@y the

be dvant a mhen ri e
gl gsensﬁ?e&“ﬁuforépfe%%gnnﬁéé %?F 20flis

W@Mr%@mmlmwﬁnma@vm% emate@fve@l W]@ﬂcch stems

%é%use &ndY éé‘@e#ﬁﬁ@ét@oﬁl Xeh WidiReiRW NG Margs.oF bynd

a static mxer. \Wen a continuous process
@Haﬂﬂmlﬂ@@@ﬂdt i Snaigtana®¥d asifhe 6§€W5t|ﬁg mod¥9 n

%%%e&ﬁQQ%%%1@®SCpkbeéssltt@yytm@rapnnﬂprtabe m@thacryllc
exam ne the s t he reactlon 35 m.xtu

rdCarft e@GEhGFIXEﬁF rﬁﬁ?@%ﬁngTﬁfgmbf?%Ct%ﬁtthls
@dvaﬁkﬁgejhhaﬂxzwh@nxp@@mxommeaavaetdesceibedpﬁ%@t@teon

%fror%cs Qgttﬂl @a%‘cd Iy, 5d at@oiﬂié he feacti OtE‘helr
r er m)re

Aixare. I'sS thus possible - 33 - for
eﬁanwbé, t sheeeeratrf. tﬁ%n¢edetaﬁﬁ§’véhyt§ﬁ%bl§§Py PR to

Qrdelskq .M i mize ﬂb@égbi@ss%r C@kéﬁéD@ﬂdlt@ anal ystste
can be effected, for exanple

a Ilng in, t.he
toECc S UGoRT NFabTe 5haﬁy§ﬂ§éﬁgﬁﬁogg 2rppphence to
exarpke, sptbAeasor efeid , arpasur enserttemm:he some of the
exot herm ci.t neasur enent of the conposition of the

F@E&?Vbﬁsﬁ@xgﬁrghﬁy 7 T&bl'e spectroscopi c processes.

10 Especially wthin the context of conversion

g%%'taggggdeﬂggtt%ytgége&g adusal iy, ddchasdbeen the

und "t e usefu determ ne ‘the conversion in the
sEacPPINITAREUSENF &0t REYhEHE thefoVEG ProfifRESed ©
reaction mxture and to conpare it mtth the heat which

is rel eased 15 theoretlcaHﬁéx_ln the, ¢ ? sui abl e n
Ibee RLBH ofetRELPBAp PFEACE th@ogi?%aﬁo éggti P
ispepiti NGl benef f getred yédiiNing material from the

esterification. process into exactly this process can
also be performed, for example, twice for reasons of
operational reliability. For instance, the two or more .
flotation vessels can be used offset in time. Since
solids can settle out in these vessels, it 1is
advantageous to remove them when the particular

flotation vessel is not being used.

The present invention further relates to the use of the
methacrylic acid obtainable by the process according to
the invention and of the methacrylic esters obtainable
by the process according to the invention in fibres,
films, coatings, moulding compositions, mouldings,

papermaking auxiliaries, leather - auxiliaries,
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the tube systens arranged within the |oop reactor. 20
Since the reaction, however, is exothermc, in order

to avoid yield loss, sufficient cooling and sufficient
renoval of the heat of reaction should be ensured. It
s 0GRy @FB063 been found to be advant af€8UEPARER/PRELOT
reacti on proceeds within a t exchanger, preferably

25 within a tube bundl e heat” 'exchanger. Dependi ng on

&, Anpunt, of | {fﬂliﬁnﬁe Rouced; thg C@&Eﬁcdltdh of the

an approprl at 6 exc er can be sel ected
difdgqmnt nyveﬁ*gnonnmltarq%ﬁ §ealtd bgiesoesselms hegpatings,

s havpbRgoairabwe of akeutyiiyd o abopbpégmﬁﬁlng
in particul ar have 30 been found to be part | arl
SRR L ethe { 0B TBEdl o HEat  eXRangers (et W 2

Riﬁfﬁlrﬁ{tﬁe adde theals eyhbangedse Whkelkdhave a t tmleehacryllc

bun eflowedtrouhb I|qu|dvv| in fl owe
ho}B ala? %gpe% g DLOGSS J] % c%rac?% 4:8 ghe
aaﬁterrtgtcdenmd yon €4 C. meBEathE1heatBSteanebEﬁlbebhEehY the
nge Ia{%rdél (petﬁaéjj ]??;eergc appropriately. It is
0SS t [

In prln e in process described to
conduct the reactlon to the effect that the reTctlon
Haa e | s RBREREEed EHEBEGHS - ustrated

hereinafter, which can in pr1nc1ple 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 usually also be achieved when
the subject matter of the present invention as such is
used in another field or only combined with some of the

process elements presented here.

Preparation of acetone cyanohydrin

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

reaction is frequently performed in a loop reactor
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the heat exchanger in the tube bundle itself and the
reaction takes place within the tube bundle, the heat
bei ng renoved fromthe tube bundle into the jacket
liquid. 5 However, it has |ikew se been found to be

MCa Q0068 0H3d i n many cases to be vi aBFE/EB2LBRGAEPLO7
the reaction mxture throughqthe jacket of the heat
exchanger, while the liquid used for cooling is
Wh%qte%\@te@%@ éjlfpf Ie. It has in many
¢ages been Found to b vantageous when the reaction
mxture is distributed within the jacket by neans of

%LgWaEﬁS@%é@ﬁﬁé cpﬂeféﬂer &Qltho@effl_@%&%ﬂ@ @t ehe t@esired

I eve a higher resi ce t1I n xin

Redustti o 1of Fé@?ety%%fgﬁe 1% t?é%%%lgﬁﬁi fnbﬁe ?u% gion
etays deptadi ng osufhicdest gneattibe rteéaet aind behe

bout .10:
SRGLEA AR 4T dar Thalt (HLL vt o of 1T ot eha bordl o

2@(akaas@d1 @rahettonieneddst ithe ttlh@eslaeacmérhe@foduct is
§P”£&HFxéSanﬂﬂ1'%nadéy§£§§rﬁéﬁg &tabilizer to
prl ate Coo

ant, for exa h water, such that

St
ﬁ%@ reveritewe afpdiia (weeTal Yh%da BBrerder of BhoGENT

oo ialot i4bGhd edafdd cot afhabDat e B0wbdpkapotd give

38C, i articular .ahout 33 to about 35C. A product is
F@ﬁo@é@rg&ﬁﬁi F&6GSN* om the | oop reactor. The

product has a tenperature within the 30 abovenenti oned

&@gg{'%eﬁegétu e fgée%ﬁgpl arf t QIRer Aty e Of scig

e pbr odict i3 600 6y mearis of -one or
W@ﬁ@tﬁ@&ﬁ esarhahfeny,insside abey efferesfs 0F srecprially

aﬁtQHQ?QEe@%@@aBQG&§x1%@'d@ﬁﬁﬁﬂé%lﬁﬂpéitiémﬂaﬁgon
|s use The tenperature of th Erodugt after

WBEIRE sRouPatE8vAB6ut "6 16€T i FXPRPLPculBr 3 tBAtCh
abakt o2C. Jheaprdittinicupr abaeablfprt ransfere edni it olaocp

Saariron, Pnéprouger in the storage

In principle, it may be advantageous when the acetone
is fed into the reaction via a reservoir vessel which
has a scrubber tower. Venting lines which conduct waste
air containing acetone and hydrocyanic acid can thus be
conducted, for example, through this reservoir vessel.
In the scrubbing tower which is attached to the
regservoir vessel, the waste air escaping from the
reservoir vessel can be scrubbed with acetone, which
removes hydrocyanic acid from the waste air and
recycles it into the process. For this purpose, for
example, some of the amount of acetone introduced from
the reservoir vessel into the reaction is conducted in
the part-stream through a cooler, preferably through a
brine cooler, into the top of the scrubbing tower and

the desired result is thus achieved.

Depending on the size of the amount of end products to
be produced, it may be advantageous to feed the acetone

to the reaction from more than just one reservoir
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- 35 - vessel can be cooled further, for exanple, by
constantly renpoving a part-streamfromthe storage
vessel to a suitable heat exchanger, for exanple to a
pl ate heat exchanger, or kept at a suitable _stora

5
WOMRH0B/PEB063% i s entirely possible thEFTéﬁﬁ?PHEZ§591°7

reaction can take place in the _storage vessel. The
product can be recycled into the storage vessel in any
daA pripciple.cddoueymer i d ti hasobeew & oppd &8cheoilOthe
advant ageous 1 n sone cases that the product is .
ey cPBATBYE MEAFS TP IE sYRIE T ohBodEdof ofigt bFSRoPa Y
@Q&Qﬁ%gﬂgnotgngrstom@wévgﬁﬁelisudlghatn many cases

correspondi ng m xi ng of the stored pr .ta e.
VVEH 4 4R s‘?l%‘?%gé’“gé’ss%rll? i’% Fpr%%u%feglgggé %oK}raezsrf%vlgsg e
eeftiippeausk iyt roancbheespondgegy esseibbime tower. In this
stabpili.zation.v T 0 j dajpxedot-beL8onds
et o f%ft%(a%%lﬂesémﬁ%ﬁ Pt ot iebgonding
deacts waties tdmdattalwattamiadrudt S2Rher2DSPeEEt FORECNS

14 UL 0 R apPH O adbeut +1 t geabedhddctied pahtbagharthis
g%%%t %: Acgﬁiﬁablg acid is.i cul ar sul phuric

n parti
sisFelf or Shgipod %%lﬂqr&%‘% H&KSTg a content of
about 90 to about 105% in particular of about 93 to
abeut: H8% 12804 25 The stabbhezed pricducts¢svoir may in
wi t.hdrawn fromthe stabjli ' Y I
Franstd eedE3|ent 8 1f]‘ﬁ%:npuélrllll f izégstasl’teﬁ{o]cnl agltsl}ee.aa%qgg ftion of >
tohevsitdahi [tleed ghohrsttane oy ain ean bearb@yefeds #brthe
%%%E@?%ié&§9 thRpd0ashaki | | zaht on vagsetasueh that the
sarficl

ent m xing of the vessel is ensured by neans 8ft
TSP IC GiRFesed 6 BRPHrRHRIE Hoz ZFLESY REH WorRLp® ©°
39dut adfert her process el ement which can be used in
connection with the present invention, acetone
cyanohydrin which has been obtained- in a preceding -
36 -tisd agerubiotngxaopee, f thm tavebarwctissd of oBcEEBREP1NG
wi th hydrocyanj c id, 1.s subje ; I stbbhati veror
ﬁﬁ%kﬁf%ﬂf%g g&ng%%?%d giudgggcé%%%gbg§gﬁ%hygFF% i S
fermaplef bpwaiseinsi ngf conspl2t@nEeoBermedhistlbf Pige to a

G, %%%%W&ngo@oé%ﬂt A subt abbatrdiistid | athentpmpeessure
canbe con ucted, for exanp y .nmeans 0£Pon

le, b
ofl ubhe RERERRE PR SR 0TkeW 58 goksi BRED

IPRIRFIRL eppuEkbbhpali onfef extelacet abeutyahohydr Ahput
%%Cyse a conbination of two or nore distillation

ﬁnlﬁ'ég%%r is

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

the BMA process or from the Andrussow process.

The hydrogen cyanide can, for example, be liquefied,
for example by the use of an appropriate copling brine.
Instead of liquefied hydrocyanic acid, coking oven gas
can be used. For example, hydrogen cyanide-containing
coking oven gases, after scrubbing with potash, are
scrubbed continuously in countercurrent with acetone
which contains 10% water, and the reaction to give

acetone cyanohydrin can be carried out in the presence
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10 columms, also conbined with a falling-film
evaporator. In addition, two or nore falling-film
evaporators or else two or nore distillation colums

may be conbined with one another. 15 The crude acetone
wpaRolnBdies 06ames from the storage to t RETAEBRPPTARPHRO7
generally with a tenperatgrgoot about 0 to about 15C

for exanple a tenperature of "about 5 to about 10C In
r|nC| .the crude acetgne an dr —

r8du 83 8|regfﬁy%F%to hetg%luﬁg¥ ggrgagtgg et

h@ﬁd@@e@dfo@n@am;a@e useful in sonme cases when the

crude cool acetone cyanohydrin, by nmeans of a heat

exchanger, first takes up some of the heat of th
prodact faifltéaé'y OPPALEE hy dPst BRFat Y“bﬁtu?ﬁerg?ﬁ”élsj‘ng

hh@fd&irz agi@edidmnt 1ﬁéﬁt h@a@smeﬁesplesn:albgd chereude
t t
goFe i o&ﬁfnge@em e e e

TFhe aeetorectoydnohydr anetenpumnf itée prefiestdd |af i anbayic
of, ad| ti Hoaykng oy e i hagad013Quiag

tclaiﬁéysgr A %ea%}ls:g%#gg b/g |£}¥1two or nor eg ?

cercespondi ng suitabl e d| still ati on colums. The

colum bottomis heated preferably with steam It has

been found to be advanta eous when t

bottom .
flanpdiat BFeCEs8s GFeC L &%r?renBE?E?EFECSf pgven to
geqshayi£l QﬁAamﬁrLﬁE gged pur idr cahdonshawe cdyede gas. The

~achi eved when th ottojﬂ}orpe] %aég&e gnéngg%%gée@{lggomary

ER&n "B L FGE hAn- about
oempesatsr éqiatgaf@aeflb’@édydﬁpqm qeanidenprr dparesed as

08 C U AL LM, 0 1D S00BAOBROGSFUI | ER2Q0 768591 03m- che

e crude acetone cyanohydrin is fed to the 3 3
@MAuermﬁ:Bﬁll nlmhehasbereseﬁnrtd flftﬁef%a?}frﬁ?l%ae“ an

tr'o'gle@lt 108 | BopRed OFpBR Iﬂfeﬂéﬁ@h@bla}hdlrwiﬁﬁomﬁaiucedntalns

el orSF | BV aP o oBo0r SOt 5 abbur Iag OF

migar 2apd Wit hogaed oEsolts beldeby $0ltmeabdulN2158.7% by

r. At t p of _the u se J U 886cd 85,
é@ &liCal | acégbne ahid h%og)%an%g acl g,f are ren‘}‘gvg% °
mlyelrmyam@ gasiebusnd upstancesecarferass! By helpRnef and

neagat exghan %s Q13 Pat ey of Theo @rudr gaBe&Hf the
exc angers. Pre nce is given here to using k}fﬁ)
Ao usg On tW%CfP%%peWzlﬁe@r B 9%boaf I aBdutt ToCXYFgen

This @i, Ves e [pasepssc £onst efueg}t SfoQﬁJgfd’le)ﬁ/&mm,r s22heby
opportunity to gon i rst condepsat]

ey uigk 2l Bee, 4P or® eianp"fcglu"éﬁ %#aﬁ&l ggpre S&%ﬂﬁ&? of
|1=19®1$V5%, biyt vied veguald YCpossi éoyandohvarse beé&nNHpumddt 8-5%
g) ant a%e ;"lf |fncilong ga(%?s when this first 20

B'nar i ect &t

age i'$ ctéd under reduced pressure,
preferably at the pressure whi ch prevails in the

CO%%‘I :ill Ban on. ;e sopdensatfids #@%Sﬁﬁor@nﬂl@tm process

ct ng vessel and col ted there at a
penpARErUFEOW! PABEEES0 1 HB6Gr 15t PRUBRIRI st 1T

g%%utcéua@ §2.Abput 106k 1 Fhegaseqys aCOHQEJH]DpIStV\kﬁcﬁh the
0 not condénse in Ctlhe first condens%tlon Bep
FERGFEQTS 1 OTRRFR FéGucEnonia presen Hibe gas

frequently exceeds the amount required as a catalyst
and can therefore lead to high losses of sulphuric acid
used for stabilization,r euch a crude gas 1is often
subjected to an acid scrubbing in order to eliminate

ammonia therefrom. When such an ac:Ld scrubbed crude gas

is used, it is then necessary, however, to add a
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pressure chanber by nmeans of a vacuum punp. In 30
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, owing to its desi does not
[Wea @ 0t0® /4068 0i63t r oduct i on of |iquid inpuPP??EEZPH%O?%W
gas stream Preference is_therefore given here, for 35
exarrpl e, to using dry-running vacuum punps. - 38 -
gra eq JM b t eperebyeic
cho&fé 855?% %bg%hgg%‘: %gns%}% ugﬁtggt%%l %hn condensey
I@@loelretr e 11 kewi BeiRbe | ekneWn ANOREEEIA &4 | P VeksepPasic
Whindb ald=e ¢ldeals the reendensates .obt ai ned under
5 vacuum conditions. The condensation performed on the
pressure side of the vacuum punp can be effected, for
n Ry ikeati exehsnger ,obuin al spuiv t ioembact eaygas

of. two or _nore. heat exc ed ser

R T
dexdensationasiep tar ear elrmwed r@ﬁ@t@@nt ino tsy FOREhRBROUS
t'd: d 23t qny; J o Kxanple Poéﬁ%@@ét&f'&brﬁﬁfi@@s dbeleast
ol

ect'éd concentrates nay kew se be utilized

fomet meangs afeiaasH Wﬂe O SEdrohi BOF2aSbng, MpEns-
15 haszheencheundehashbe rext r egeldynadvangagdousrt ogaseous
recycl e the condensates _into the reacstulc n f and  at
BYEERYAG-&c et ohe cyanohyar i, RIS 6% fec ed-

Rreefcer abley methnend car fredde ngpiantcsbalivett .enabl e access

to the loop reactor. The condensates may in principle
have any conposition 20 provided that they do not
Sustaptl et hecadradpegtas | onref fhe ABEIGHE LS arkydrphkatine

%oﬁ@ﬁ%s Sud¥ edam in aipupbaetimt ey cendensatelution
wi 1T, however, consist of acetone %bqhydrocganl
0

881 POTPES IRRMPIE PH O RISt JEticartyEe the
&J‘é@léttll)nz Jfr eqiersidne i mrad r diydr2syafiaboatid: ltoTheive

acet one ano i.n 0 ai ned fr
(i‘lcﬁtﬂnlea E’%' g} FIFSt "coo ﬁﬁéégﬁ%ﬁlg%ﬁd £

dbfe ammmél@get@lsabwhemamébycahelaﬁltd wraslelgcetrtonerggnic
gr ydr i neéﬁ?%igl neang@hea féystaheat e@c’é@rﬁﬁré%erare
u

ent | tone cyanohydrin is cooled tg
E@np@ﬁ%WHWeOéf aBBGL23Y t BMAB6Gt §B5CIby2freanscbRY qpmine,

ld?_?;%p%%mlﬁg heriheal, 1exGhangedr and migdenahine siod etdhe
ermedi ately. 35 Amidation - 39 - the preparation

dfi%fet hacrylic acid or of esters of methacrylic acid,
acetone cyanohydrin is subjected to a hydrolysis. At

different t eratu | evel.s af er Of described
PedPorE2 s F5t rrejtrha%}yl}%]%d&gséjf%@e esert

further comprises at least one pump, or two Or more
pumps, and at least one mixing apparatus, or two or

more such mixing apparatuses.

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

mixture in the loop reactor.

Suitable mixing apparatuses are both mixing apparatuses

with mobile elements and so-called static mixers in

. which immobile flow resistances are provided. In the

cagse of use of static mixers, suitable examples are

those which allow an operational transfer of at least
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- &habf B cildhtPggicular not more

5 product. The reaction is brought about in a manner
known to those skilled in the art by a reaction

bet ween concentrated sul phuric acid and acetone
cyanohydrin. 10 The reaction i s exotherm

WoaBR9 0B A6 8AE3t of reaction is advantad@%ﬁé¢ QQﬂﬁﬁéﬁF°7
fromthe system The reactign here too can again be

performed in a batchw se process or in continuous

ngﬁﬁsﬁﬁﬁkmﬁhe 45| aktgp1basbean Sougdot® be bar or at

vant ageous ‘i n many cases. \Wen the reactlon IS
pepEsr Yth 8chﬁF|ﬁHEE%Tp?%%eéglnghémﬁgé L4t thout

Leaeligrsahas be@@sEQHBdlbﬁsbe Uﬁﬁfu| tHbe reﬁﬁmemﬁbmzmg
be“effected, for exa in on e _|.o00 eag}or

| e,
PBRECBE L€ MR S a ntgaagﬁg FHESIG eatt i on
Belﬁebﬂeranasﬂlasbaar@ry:mﬁrt\mxamplmorepvaop PP; HDPE,

%gggiorgﬁ In thepgggceSQ descrjbed,  a ﬁgyteggﬁéigpp for

he OF Tore eed poi nts for acetone
eyxanphgdr iof, kel 25lepee ﬁee@oﬁépﬁtstﬂeﬁnlum and the

soncentrated sul phurLe1aCisdhe ONECPT ABEP183S rectangular
Separators, one or nore heat exchangers and one or

mBKETrRi-xers. The hydrol ysis of acetone cyanohydrin
with sul phuric 30 acid to give nethacrylam de is, as

al read escri bed, hernl T heat '
TRPCH ard SEC | RSt IS Bheth o st S Monsear S ar] Sgably
Hawgekyehe wift It&hjea\mmnfpr @mdt h@maermofsmc’evtlﬁe} yeggent
f alels%n\én %Fle tﬁll%r ng:ea%%r atyf e fJen fJE‘ctrlQﬁ'Ptd@é’briEed

PS°possi r|nC|p e to achieve a rapid a
ceﬁpﬂyheﬁsw@ p@ﬁt@lvmfoef p@rAcat 16t %%té}fbrﬁf%ﬁlm that

glﬂgggﬂférﬁeth h:.e@éct@ma_?geﬁéndh@\ﬁ@ﬂerat id pRyodl Sffrbtbanore
vant a

geous fo cool the m xt %Ee to%o%r ea7t I5y or c’;ﬂ)out
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
together with the acetone. In such a case, it may be
advantageous when appropriate mixing of acetone and
catalyst is ensured before feeding into the loop
reactor. Appropriate mixing can De effected, for
example, by the use of a mixer with moving parts or by

ugse of a static mixer.

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

the reaction mixture. Furthermore, it is thus possible,
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- 40 - transfer is required for appropriate exchange

at the heat exchangers. Since the viscosity of the

m xture rises greatly with falling tenperature, the
circulation in the |loop reactor is firstl¥

oo Gost0sB063nd 5 sufficient renoval oPCTHEPZRYE{PBALO7
energy fromthe system can sgcondly no |onger be
ensured. In addition, excesSively |ow tenperatures in

the reaction mixture canleadet 0-a GapilAl dd At hoacobely
f%gio%§§%¢%£hg§§o f%e% feactign m xture at tﬁg %eat

axc leanstper $.0 THITELfire ere MbrlsdT$ s -he heat transfer, as

a result of which a clear yield reduction can be
detected. |n addition, the |l oop act or cannot

ARt enclyatiee] r?éla&ﬁfsi%lcad}rokﬁﬁﬁ% ’g?c‘f%%u ant sfaxgsarﬁ%}weﬂby
thatp1tihey eff i iencyaafot heoqp ocesst sl ¢ ersabyetal hethads
one enpodi nent of the.proce rej prefgrably +n
asut tR6 HiFTWs Fo %%oﬁ?eat%%eeﬁeqrgcgrt@ggfuo% fhe ©
eolarte il iow tyater f measarsneranPsf tacet GHERRSdricHy i nthe
LRI LANCEL T QA 1Y dOR ST phdddetes.
I"'oop reactor preferably has one or nore heat

exchangers, one or nore punps, one or nore m xing

el QNRNL3 13Nd; 1006 (O HDT €ogasxis epar abarsrsIbe monitoring,
cifcul ati on streans whic ass .t hrough .t fi I

ﬁ%ﬁ@ﬁéﬁ’a?%pSFEFeFH51yS?Ee€He félrgﬁ%ekﬁgghbgéﬁﬁﬁoggfobe
450 f/ hropr éteeabliyei ntlae r angeveofs 200 tig 400enBrhaghyon
LG BLETErabl yo i 8.l aRge0h 3ot R0 102 350MBhxcyre

e at 1 eas one further |l oop reactor which follows
tenel f itpst cOODRTE eakt oMitthetBer cieaki I it edifs Grecased

RigfSrablasiiR, a range of about 30 40 to 450 nB/h,
preferably in a range of 50 to 400 n8/h and nore

preferably in a range of about 60 to 350 n8/h.
By el cade Phef eunedbl enpelaatriendidff erlenckoowereaheor,

heat exchangers s about 1 to 1 r{ic g
B8 e DR Rl o apenr o R BE TR “HeBipged within
atet onebeyanghydmsn sarangedr intciiple Féef ed PRt orEABEOT -
IS(:)Lo L glcet e AW, %vggx%ef_!ov‘fé’eéxotltleﬁﬁﬁ?c,b?ﬁ!ﬂ bpand to
t'o"be advant ageous when the feed is into a n1X|nﬁ iy
avoice| phedt, ioFsexampflelFir®t a GRS PRIIFhGLCI SRt

%?Hﬁ%éy & Stati gicXeds Jbgcsubphdhbaldcind iensured. It
advant ageously fed in upst ean1gf th acet one
€ Yiﬁ%?

&pan ok R atdi PPER. Wi e’ Shovs, when the
ldeawiise) pesstbbest wiftede 5t heasul huhrdngeci dpraferably

51000, BRBLCD 8l b LUBEal] Rl on cre
amount of product to be produced, the capacity of an
appropriate heat exchanger can be selected differently.
For industrial scale processes, heat exchangers having
a volume of about 10 to about 40 m® in particular have
been found to be particularly suitable. The tube bundle
heat exchangers used with  preference are heat
exchangers which have a tube bundle flowed through by
liquid within a jacket flowed through by liquid.

Depending on the tube diameter, packing density, etc.,

the heat transfer between the two 1liquids can Dbe

adjusted appropriately. It is possible in principle in
the process described to conduct the reaction to the

effect that the reaction mixture -is conducted through
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control |l ed such that an excess of sul phuric acid is
present. The excess of sul phuric acid is, based on the
10 nmolar ratio of the constituents, about 1.8:1 to

about 3:1 in the first |oop reactor and about 1. 3:

Woo 20 0B/D6i8A6Bhe | ast | oop reactor. In %@?%ﬁ?%ﬁﬁ%/°$?lo7
has been found to be advant ageous to 15 performthe
reaction in the loop reactor with such an excess of

%ll‘lllephféét(} é%l:ﬂan%grg§ s p@ﬁ‘é' ¢ uBel %d@léeiﬂgehﬁr &nd Ofhe

vent and keep the viscosit &1
K@a@ﬁﬂ@ﬁ rfiakas ePlawe WﬁF@ané$%ﬂﬁﬁﬁ% Bupd ﬁert e heat

Eepyval rehoteat fod eatld opupad Buddver iterpethturiadtet
20 the reaction mxture. This can entail significant
}E@P&dadyantages The tenperature in the reaction
n1xturg LS about 90 to about 120C. The heat renoval is
nsur e one_or L e gers
BEREar: T NER baneFind 1 The. Siant agboud wher The-®
hedt iexcirmgerasdmvecabsuitablle §@n§mﬂd§3¢§t di§ ofeaction
GQ9LLQL! ikRgo ??1 o NG Rer I mancedt ahdefadder, while

prevent excessive great _cool i ng of the reacti.o
Rt Uk it tlﬁ@daf%?ren‘éﬁ?%ﬂ%d o aSbREUL Rord i thin the

?‘&%@plflﬁuncﬂie {rﬁ)zttgeh@gvam? ageoys dazdreasuer theuhktato be

ransfer in ea xchanger or_in_the heat

ERYRENGEFS YFoi eIbyICB‘S r céht?ﬁﬁ%ﬁg?ylgn {grributed

adpuﬁh tmhaxxjaampmerbprnmaaesofOﬁheﬂﬁﬁﬁ s tgRrees
%If%'ﬂf blThl F%%%é:kt}%n on%’lat%r exanpl i d N&  nigher

s equally possi bl e to achieve
apﬁndpﬁpatélm@aﬁpﬁgb@ﬁt?ﬁemﬁéééglon m xture by
correspondi ng variation of the addltlon of the

reactants and hy the e eration heat f
FB8SctiHnLo Aojéoﬁﬁpﬁﬁltl 0 mg RO t%%te vo ume og the tube

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

(based on the contents of the tubes).

The heat removal from the reactor is adjusted with an

appropriate coolant, for example with water, such that

. the reaction . temperature is within a corridor of about

25 to about 45°C, in particular about 30 to about 38°C,

in particular about 33 to about 35°C.

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

function. In addition, the product .in the storage
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- 42 - possibilities is also conceivable. The | oop
reactor should additionally have at | east one gas
separator. One nethod is to w thdraw product formed
continuously fromthe | oop reactor via the
HOPRAOABT068AFSt her 5 method is thus to %FTﬁg?%ﬁptﬁ%59lo7
gases forned in the reactionsfromthe reaction

chanber. The gas formed is nainly carbon nmonoxide. The

RQdugt Wi %de%‘@"' fromthe lQoruLact oroks Reehenahly by

trans erred into a second | oop reactor. In th#s sego
W@@ﬁt@@aéWbrreﬁﬁelﬁéacﬁioﬁaI§ REXEale gBﬁBrlg fig Steradge

Selapiur i agi duardpret hacdy | @ntlienges, hasrbesample to a

obtalned by the reaction in th first_|I to
Peacted ﬁ?ghQﬁﬁ§QQﬁﬁﬁhlﬁ Hﬁ? RE sfFeatn %3R§€§?%* Seotdge
%E&@@Eﬂﬁﬂﬂe | mtt his mwmﬂrehp excesd lef Qhﬁphu¢¢@tlnued
acid fromthe firs tor, t Jeashy 15 sone

GF 26T Ok &84 B&% &f%%pa0|§%'rgggggi%tt$the acet one
cyanohydrln to forntfurther met hacryl am de. The

4 hger eaet b0Bal B nkWO tO¥: rchﬁ:a{ngvessel in
reacggggﬂﬁgz e a%vantgge tha? N

§@Wpﬁﬁﬁfduacpﬁl%§%%%% |HOWﬁeeFrr%FW%S%p&Feﬁbt%ﬁunntP be
RURRaRIdn2Q rofsduee dpaad | et diereradd-thens eredrecled

heat transfer and ulti matel e e are | oV.
P tTRIES a %Iéhsfy%%%m Cfpﬁgsgﬁeﬁ%%t$ge O?eggﬁﬁa £6zz21es

heab etchamgeragmdvetskéasticbng hpds %@p@ﬁ?%t@tdla“r% mixing
ar ranged i.n.the E?]‘P&ﬂ?gt l ggﬁeéeﬁﬁta@e Fhent gactOnstorage
npe€rature i n the secon oop 25 reactor is |likew se
ae@@elgo to about 120C. The problem of the punpability
of the reaction m xture, of heat transfer and of a
m ni_mum reaction tenperature occurs very furt
PEegucsactdr 2188t T Uo’ n?tﬁ%ﬁy?%% ?FP?t D€brage
Thereflor entbhea sesodisi 1 bogpt feactwrsgedo adhant pgedusty is
has .a heat, exchanger wh I ng. rf@gga@&%' R bgith
%ﬁF I?jlatclh%y an a%prop%?gtéggénsofgg stem n%ﬂ *
ame@pneIbyano@§d¢tnvaseagaﬂw3feétﬁhYEﬁ éﬂ§h|?§BP§tS the

X Rg er'ttf}gtt_ur@r eferablyyr i B0 Bstatic ¥ Xghout - 343 in
- Ssecon Oop reactor an heated to a ten‘per ature of

abotticuden kvt 2180€ EY1EBRpPetd thelFeddt i BAF ahd 1ar

%ﬁl?)@lﬁ@l@eaﬁﬁ@ihacﬂ'd’ﬂ‘ am:@@ple Teelperarioag dsid having a
preferably perf ormed such that t an|nun1

'F@%ﬁﬁuﬁﬁéﬁ%qo?aqﬂﬁﬁﬁﬁp tor %&é%ﬂ#QOf

apbiure oof tabelouan® s Mise,t o about 30 m nutes, in
particular for a tine of about two to about eight or
about three to about five mnutes. 10 This can _in

mhienci pltebbé iekflect pdodmcany appar gt tBdravnachfe9fing the

%lt{%.@)l% 1%%@%&1& ure S suchh@ shordndedidy Fointo the

e, the energy can be supplled |n a conventiona
Wﬁfﬁérlcﬁfi-l@lne@ttlalg@dl PerRAVG Bt Dy ?—bﬁ?e%ﬁe‘ﬁ ‘EUCt
M%t%a%wny RASSI e L SHPMY, thaneneémm@ye,ts mms the

of el ectromagnetic radiatio hy. means of

FitéPddres 10Ty ¥ e\?fﬁloﬁl@astg?t %u%s 1beereetn Bind t%g Lne
a@%@euaqaowmsﬂxﬁatme heah&ngfshepyiss eaf fanipeddad &f one
heat exchan% r 20 with two-stage or nultistage
8t ARGENETE“of St ube coils which may preferably be
present in an at |east double, opposite arrangenent.

' w%e 1 the reaction mxture rapidly to a

of about 140 to 180C. 25 The heat

exchanger can be conbi ned, for exanple, with one or

Hr e, gas, o%eézé” e@éﬁt@ﬁlte whichS qossibel euted in
conduct t he reactlon m xture through, a gas. separat or

gPraectioneavd thhe Fhfst PHBESEDI | FRAVERE fRar dcetone
exehRange-inThivBi €BN hesDVeserd Olokexanflce, 1gaseowaﬂailng
conmponents forned during the reaction fromthe

reaction mxture. It is equally possible to treat the
reaction mxture with a gas separator after it |eaves
the second coil. It may additionally be found to be
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- 44 - tenperature of nore than 100C, typically a
tenperature of about 140 to 180C. The gaseous

conmpounds obtained in the anm dation can in 5 principle
be di sposed of in any way or sent to further
pooressyngaoEdwever, it may be advant agRBBAERIP KRS 107
cases when the appropriate gases are conbined in a
transport line in such a way that they are optionally

gEessur Ifzo“:i‘fd %\Qgiec%}tén{]ueffél g%rctel%rf etgf“b%t%@toE@r Wi h

aﬁpre W't h ressure can
hydnsppenéd f@ctier. 1S Thewaj @%ﬁ@nt tened widishiow et ve

%kfdﬁbr at-ege bysﬂ/%’llolf axamh v theteher eﬁ?ﬁnélﬁydrln is
nonlimting _draw n The 15 dramnn E ig. %
mea [S] ‘©

prane syt erh PP ?ﬁ |rﬁf%ﬁﬁli?%% §S|
%%Be@?bﬁ@@?w lcfollaﬁ'mrd on r@l:hyalb]rmt hlastyﬂaae;oﬁl Rre-ess
schenmati c of, a ant

SBEy dfohGaPTHEt PRy, 75 SERERAETc BT Seanrk.Y pPEAY O
EORuﬁﬂEtOHeweyamohydﬁln 1§|gllﬁew1g@he@@pﬁgb ﬁ anin an
egPe #%ggt %%&Hﬂﬂditﬁﬁgiéfhggﬁﬁécd@éﬂﬁﬁe cyanohydrln,

ica a schematic of %
for pﬁ@pu@|f9©m@lﬁﬁél@§te@f F@@o 7©¥hém?¥%e 1st11 atlon

a

-QHih&hgatbQ@dﬂdHHbfﬂHdtﬁﬁtﬁsbeEaﬂﬂﬂﬁg~fﬁﬂmmedﬂurator

referred el ements of a ste
P S ot nEdPy T BERE GGG AT o cueParataRg oF
ﬁmger thidy tdrer mprecessitrid lprdductsoldtes pinam bey stah ined
as, vari ous ants connected to one another usually in
EPU?H c%ﬁagg?lng manner as elenents of this Y

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

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

The acetone cyanohydrin is purified by distillation by
means of a distillation column having more than 10
trays, or by means of a battery of two or more
corresponding suitable distillation columns. The column
bottom is heated preferably with steam. It has been
found to be advantageous when the bottom temperature
does not exceed a temperature of 140°C; good yields and
good purification have been achieved when the bottom

temperature 1is not greater than about 130°C or not

- higher than about 110°C. The temperature data are basged

on the wall temperature of  the column bottom.
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system This plant systemincludes acetone cyanohydrin
35 preparation 20, foll owed by acetone cyanohydrin

wor kup 30, followed by an am dation 40, foll owed by an
esterification/hydrolysis 50/50a, followed by a morkug
f 20tEN0 6806 et hacryiic acid 60, fol |l oREE/ER200740BYL07
a- 45 - fine purification g.,_after whi ch the ester,
usual ly methyl methacrylate,” or nmethacrylic acid is
present. The pure ester/pure acid thus obtai ned can be
sent to a further processing plant 80. Useful fTrtheE
phec essidyy &clarr scemehcdte 15 paft Feufap column body

ROl YORL T 2abLen (AARAY atfistARd coeaeher sTHordistiheation is
organic reactions. In thg ol %irirerioz[ati on_react QLS ferably
FsInhRstnR iR ek eabn vR %feﬁ Ba°YaR4= PR the?

r8ACt0r s uejaniftc rgaait one, the ploetnoRéferbar, in
obt ai ,ne§ here cagrtb , 10 conyer t e%Stqo TS, hghﬁorvgiagﬂ Cgood

T TRECH er processing plant or the further
reaadss ngetptesnt SBd sl flA ok by a fi ni shing
90. Wien the further processing products are polyners

of methacrylic acid or nethacrylic esters, especiall
et hytheet Herr yl afe, 5 t hEPLEFB pr GERIIXS urlfnﬁélfflttges'
Qa's\ﬁf‘ecfl'@lrl%ﬁ’ aBBELHENGLONRPSEOEPAS cespdd al e removed,
ranul es, fil nms, sl abs, autonobile Ear%%o %% Qheleons of
dF AHSVRY gé??&ﬁ%a%ﬁhﬁﬁﬁﬂﬁﬁss% f &5extr uders,
RiwnhE bt mexdtardens, ok njeechaonenpuladi ngwerachi reegre heat
spi nneret_dies_and_t 20. Li ke. itien, Pl aptine
§§§% Ei n%ﬁf%%ggg%ecoﬁ%rﬁggggg g%?%hu??clg%iép .
plearitirkDOwiEbr at hiemperatyural PLshsiilr i € 48 PpPant 40°C-
wWhy;Gh @Pﬁ@ rehe Bessbilkaklg drar dhits R pose vapbhes the
person skilled in the art are useful in IEélnm |8 srace
RERAEHEE 1% RAdEITWAHS cORteXt' TS5 FOrexdmpt e £6°°
e, | &a@;éapb@gcé,, pﬂgle 8@xzirﬁ;?1é n ;c'altnt egraatded Poblretsisomre .
Prevention,and Contr - Draft, Re n n
BEStS &/l i bt e 1Fetiitues E?%stjtkﬁge l\/gﬁgf }%tsl??%égﬁ_ %%?H% £o
VYol unediaacgagebasChein cabsme Ampades Aciviienandthis irst
Fertelizers" o i habl.e \d 0 ressure,
foorﬂﬁes%siagcnl.onrhgég%?p%r ie\éflfgccitt %p%ﬁogiggﬁggﬁngct ed
tmrefesmliles Gt ottee pPEASSUrFEor vRhshanBESVRRESacéPonEhe

Gy anohydrd o, pr epad atd e bt S SyIPPhEgddWohhinto a cooled
concentrated sul phuric aci g Vi a a%ueloé)huri c ag d | irgg re
ZONRERT , vesTet t RBF SOLgRGEEE Fite 3 &XISFE3E
het wessut he sW pipsic 8sed, pianpal®Q carlcrt ket ambpalat i Bnto
40. The dilute sul phuric acid also referred to as
" 19" fromthe esterification 50 (hydrol ysis
50a) is transferred to the sul phuric acid plant 100 -

- through ' f.or: spent, s hutbgaastd 4randne
gﬁqei ngtaﬁeeoél%'l p{%grﬁ)!&hgg?d ‘%F%%? r%lt(()jo, ijﬁe %(Ib| ute
Sl ptur condehdatannbes Vel kageupteMHE o ERGR dfh¢ heeduced
' I p ' ci di.capchecef fgct ed, foruexanpliep.asin
?eéseégn&b%éé R il VD 03] 23089 Aln.le n
FEricIEID1 € hedBY aNPSUAFe BHIFRIF 3oL uPEd 459 PRES: However,

et end al pevhi ehaie fanbei aBvhatthesesskidl |eshy ncehes to
art and appear to be suitable for_the

ar. ar
S R c¥SCOSPHP? PG St GYILAIS 1 SEal niBaLoat odPe® ROt
whieh tisthenipatbidockdonl ®fhavierext epipenatiegi dnto the
resi stance. The regions _of. th whi, ¢ r .
e T
cotmerite atted wulnghuthie moird ey e7adoin iDHERsy |1ined and
protected with ceramc materials or plastics. In
addi tion, the nethacrylic acid obtaiped 15 in the |,
Mitchagey| istrecind PREPR S652P8F IR0 f BRSyiRFegsure side of
Bihaghyh i ¢saebdalichedd thedule Rf epurthécahead 6f@chbhger
has al so been found to be useful to add a stabilizer
indicated with "8" in the acetone cyanohydrin
preparation 20, the ami dation 40, the esterification
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20 50, the hydrolysis 50a, the prepurification 60 and

al so the end purification 70. In the acetone

cyanohydrin preparation 20 shown in Figure 2, the
acetone is provided in an acetone vessel 25 21 and the
odrannyeaitieseas d in a hydrocyani c aci d PESEEP2997/9RE107
acetone vessel 21 has a scr Qplng tower 23 which, in

its upper region, has one or nore cooling el enents 24.

&h;ﬁc{llée?no%EQEe? ' nes 127 ‘Ml'tq’p &1 fé@nbvﬁéfnghlﬂ?ature

system 1l open Into
s:cfru@mmg Power 62130utrhé5§€et &@atslwq%t%hhcmosiandense -

05,26 Miia e agetonerbeedi27cand ddmel didiogyaskeel
ac via the hydr ocyani ¢ hydroc %PIC aci d feed.

ME G nedl FRAEYIr F Oy S ESacF e f EORISESAEMTs t PR BT 28RS
|\i%dilil§rpo§@ﬁd§t@5ﬁ'@ catiad y sorfdeeda21@nwhpehfosmed5 on the

followed b ti 211. Th I
ﬁ’éﬁssé%&a T ?% t&ﬁ C%xe%%%m 2Pl :%Shgfgefo éﬂ‘\@&&x Afor
leSGingtlancesy 243 hant atxdlemsgennebubokilsg hmﬂélza4batﬁery
q&e %wap JraLS é hggt t H AP PLXEYEE GONSESEidE in

7 ace one, roc c acld and catalyst is
genthictedd |n3®5%¢m%U|§UP§t§n€§ﬁS|déWEﬂq§Qﬁxﬂ teGini ERis

'55ﬂdgyé§gf%%.Q%u§9lgrE|Q§§mnﬁﬂpnéﬁ@esgﬁ&ttﬁXQﬂﬁﬁgEﬁrther

212, the reaction mxture is condujn d Vi a the flow

g lsizatden 5 [T R ARl & bl SHHg 1 P2 td a

portlon of the circulation streamis passed into a

rther eat exchanger c egfed
? eEPRﬁ& %3 sefoﬁggn %gﬁlchMQyng§z éﬁg%g %% pﬁgééﬁfed
dsiidrdr ods adesdledg dioweNer 2180 EFCadTE A Bsetanyer 1t

213 HggfhfégngeggsHé“%iﬁ%gHéI¥1éﬂ&éﬂﬁ%gééﬁ§tt& FBcycle

not1on and secondly cool. Via an ou

| e
ftéle svndenea@d et hgt YR sERRCRIBD %OgtBBFPPEéng’é‘g%EPne
%%%ﬂdhyﬁﬂﬁﬁﬂ“mhlérﬂé)d&m@&tédspi@h@rablﬁcad beedop2Rore

ORENE And, [ Lgm uhi oL the grude. geehone; SYANGIYARid) | Sthe
condensates may in principle have any composition
provided that they do not disrupt the preparation of
the acetone cyanohydrin. In many cases, a predominant
amount of the condensate will, however, consist of
acetone and hydrocyanic acid, for example in a molar
ratio of about 2:1 to about 1:2, frequently in a ratio

of about 1:1.

The acetone cyanohydrin obtained from the bottom of the
distillation column is first cooled to a temperature of
about 40 to about 80°C by the cold crude acetone
cyanohydrin fed in by means of a first heat exchanger.
Subsequently, the acetone cyanohydrin is cooled to a
temperature of about 30 to about 35°C by means of at
least one further heat exchanger and optionally stored

intermediately.
Amidation

In a further process element as frequently provided in
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15 conducted through the outlet 223 into the acetone
cyanohydrin workup 30. In Figure 3, comng fromthe
cyanohydrin preparation 20, the outlet 223 opens into

a heat exchanger 31 in 20 which the strean1con1n9 from
wWioe 208 06BOPar ati on 20 i s heated. A vaPSTfEP2@@74859107
connected to the heat exchagger 31 and opens out in

the upper region, preferably the top region, of a

%%Eu r%Sargpfbﬁ°|%ﬁ“ é%hgé?_ﬁiBU|<£&ydgr0hxpa@@k@g% of
Ch-are usuafﬁy %5-con Ygure as trays. In the
rewdacradiion ash & hecediant RN EFbsed THa ot fm=° 2

3 of. 1 O Wh £Hr &-bot t aiiitd eir36 lleedss | BEGer a
t he heat exchanggr 31 and heats the %éreanﬁ conduct ed

errdegh ThersaefePn923 iy tHe heBPTBRCAZNGESE. KX tPe
ggbgu@&qduct line 37 is 30 connected to the heat
exchanger 31, which is followed downstream by the

am dation 40. In the top region of the colum 33 is
diheposedcai dwps soubketigB8 whb@ht opensai magnehednown to

%ﬁ%@%ngesrki%%etdo whi ch g, vaguum punp ;310 d f-csmechedveen
and opens in turn into a heat exChanger 311. 35 Botcgrin

chackasraszehapigtPh8oian ke Fest akehaR§er CBARCRY

gRRANecd £4 Mid hknescdtha-6iao) | RE1i¥ES SRlanBl 2chat Wieelt aof
recycle line %13 is connected and .is connected Eo t he
FE6 b ERc 6T 298 SPFPRE AL GRECT gyl LRE System.

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

reactors.

In the process described, a suitable loop reactor has
one or more feed points for acetone cyanohydrin, one or
more feed points for concentrated sulphuric acid, one
or more gas separators, one or more heat exchangers and

one or more mixers.

The hydrolysis of acetone cyanohydrin with sulphuric
acid to give methacrylamide is, as already described,
exothermic. The heat of reaction which arises in the
reaction must, however, at least largely be withdrawn
from the system, since the yield falls with increasing
temperature in the reaction. It 1is ©possible 1in
principle to achieve a rapid and comprehensive removal
of the heat of —reaction with appropriate heat
exchangers. However, it may also be disadvantageous to

cool the mixture too greatly, since a sufficient heat
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- 48 - preparation 20. The am dation 40 depicted in
Fig. 4 first has an acetone cyanohydrin feed 41 and a
sul phuric acid feed 5 42 which open into a | oop
reactor 43. The acetone cyanohydrin feed 41 connected

O 1200 BAHEHS cyanohydrin wor kup 30 opBRE/ER2B07HR59107

circuit of the loop reactor 443 _downstream of a punp 44
and upstream of a m xer 45. Upstream of this punp 44,

@%ﬁ%ﬁéﬁuiécf%&&ﬁyébfﬁsg 42,1 R8NS A . eFBBaAbXelat45the

downstream by a heat exchanger _46 mhlch in
@A OPERSSPAESSa GRLIER pATH OF LATOFL bif Wi chbe  Mixture

fhifdd yreutdads widh eﬁaﬂﬁl@dt@nﬁ@ﬁﬁttﬂﬁet othefditbelation
|.oop reactor 410 exit. The fur - Ioop re actor. &O oL 4
a1 hi TR has®3P 15 EBMPEF ablE ¢ %L%% i on° 10 %?F First™?
lsaif ifcdacitor rédiovRlonof hetfieir theycticop ee@etoyr 410Om athe
fee ent er h i<h is fol |l owed
%VS aé géﬁ%f%?%gyi%f %?&%ﬁﬂgﬁkzﬁé%%ﬁ%@g gas outl et

414 and an amde line 415 exit, the latter leading to
tx%e c?fﬂfdr?at ' Qﬂéeg&wﬂg}ol Y8isS Ft@nM%amL&"éts 50 the

Figure 5 shows the esterification 50, in whj

FERFEAOT | RE*EVTEh CR%conBaEt s TRat Br %ﬁESB?gghF%tlon of
&@Jn\é%ﬁttuealr&@ araafamui@ I Iﬂ&acﬁt&cﬁfonnmtte.dré 0 d4the 2% heat

atlon 40 tank 53 mh
9ﬁ§§te # g@%?twgrseﬁﬁ 5 cohﬁaﬁ |néﬂg%€:py as
ahowasmﬂth afbrwheuhllmecﬁbﬁns iyited & heetlagk 158, The be
?E%%Qggd!ln% E§@§OHUt bath igoﬁherégegérgggaﬁﬁoﬁhebe

ower Tegion of ®he tank 53. The first tank
cbarecfedwBoht dhe f GPLABR 1Lt aRROBRES i cHeRES2RES, such

fusihenht ank iheahes, 84 théi arateest e frapeubviirag 156
indicated by a Iine of dashes and dots. This further

tank 53" too is connected to the alcohol Iine 55 both
ﬁ:homnteh%rrtafmtdhmrﬁndaﬂ rdma thedeaps, Thep@st son vaporferably
out % Cﬁﬁ§jgﬁ%dgu%hree 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
more gas separators. The circulation streams which pass

through the first loop reactor are preferably in the

range of about 100 to 450 m*/h, preferably in a range

of 200 to 400 m’°/h and more preferably in a range of
about 250 to 350 m*/h. In an at least one further loop
reactor which follows the first 1loop <zreactor, the
circulation streams are preferably in a range of about
40 to 450 m*/h, preferably in a range of 50 to 400 m®/h
and more preferably in a range of about 60 to 350 m*/h.
Moreover, a preferred temperature difference over the
heat exchangers is about 1 to 10°C, particular

preference being given to about 2 to 7°C.

The acetone cyanohydrin can in principle be fed into
the loop reactor at any point. However, it has been

found to be advantageous when the feed is into a mixing
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%%%%z%%%ggsg% Oe071/0005pglr0e7actor It has been found to be
advantageous when the heat exchangers have a suitable
sensor system for controlling the cooling performance
in order to prevent excessively great cooling of the
reaction mixture for the aforementioned reasons. For
example, it wmay be advantageous to measure the heat
transfer in the heat exchanger or in the heat
exchangers point by point or continuously and to adjust
the cooling performance of the heat exchangers thereto.
This can be done, for example, via the coolant itself.
It is egually possible to achieve appropriate heating
of the reaction mixture by corresponding variation of
the addition of the reactants and by the generation of

more heat of reaction. A combination of the two
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e@ﬁsm@tely the y1eld are improved. In turn, at least

one mixing element, at least one heat exchanger and at
least one gas separator are arranged in the second loop
reactor. The reaction temperature in the second loop

reactor is likewise about 90 to about 120°C.

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

performance can be controlled by an appropriate sensor

system.

The acetone cyanohydrin is again fed in in a suitable

mixing element, preferably into a static mixer.

The product is withdrawn from the gas separator of the
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outlet 710 exits. An additional heat exchanger 711 and

~anot her heat exchanger 712 are connected to this in -

51 - series connection. These are foll owed by a

nol ecul ar sieve vessel 713 which has nol ecul ar sie

P KA Oy OBBD6Pur i fied further by the nBF@éEF&POZ/@§%1O7
the ultrapure ester is transferred through the

ultrapure ester outlet connected to the nol ecul ar
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period, for example for a tlme 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 be 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
which may preferably be present in an at least double,
opposite arrangement. This heats the reaction mixture

rapidly to a temperature of about 140 to 180°C.

_The heat exchanger can be combined, for example, with

one or more gas separators. For example, it is possible
to conduct the reaction mixture through a gas separatbr
after it leaves the first tube coil 1in the heat
exchanger. This can remove, for example, gaseous
components formed during the reaction from the reaction
mixture. It is equally possible to treat the reaction
mixture with a gas separator after it leaves the second
coil. It may additionally be found to be advantageous
to treat the reaction mixture with a gas separator both
after it leaves the first tube coil and after it leaves.

the second tube coil.

The amide solution thus  obtainable generally has a
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of about 140 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 Dbe

transported further.

The aforementioned will now be illustrated by way of
example with reference to nonlimiting drawings. The

drawings show:

Fig. 1: a plant system for preparing and processing
with methacrylic acid or methyl methacrylate,

Fig. 2: a schematic of a plant for preparing acetone
cyanohydrin, '

Fig. 3: a schematic of a workup plant for acetone
cyanohydrin,

Fig. 4: a schematic of an amidation plant,

Fig. 5: a schematic of an esterification plant,

Fig. 6: a schematic of a plant for prepurifying the
ester, ]

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

Fig. 1 shows the preferred elements of a plant system 1
for preparing methacrylic acid or methacrylic esters
and their further processing products. The plant system
1 has various plants connected to one another usually

in a fluid-conducting manner as elements of this

_system. This plant system includes acetone cyanohydrin

preparation 20, followed by acetone cyanohydrin workup
30, followed by an ‘amidation 40, followed by an
esterification/hydrolysis 50/50a, followed by a workup

for ester or methacrylic acid 60, followed in turn by a
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fine purification 70, after which the ester, usually
methyl methacrylate, or methacrylic acid 1is present.
The pure ester/pure acid thus obtained can be sent to a
further processing plant 80. Useful further processing
plants 80 include in particular polymerization
apparatus and reactors for further organié reactions.
In the polymerization reactors, polymethacrylates can
be prepared, and, in the reactors for organic
reactions, the pure monomers obtained here can be
converted to further organic compounds. The further
processing plant or the further processing plants 80
is/are followed by a finishing 90. When the further
processing products are polymers of methacrylic acid or
methacrylic esters, especially methyl methacrylate,
they are processed further to give fibres, moulding
compositions, egpecially 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 in many cases
comprises a sulphuric acid plant 100. For this plant,
all sulphuric acid plants which appear to be suitable
for this purpose to the person skilled in the art are
useful in principle. Reference is made in this context,
for example, to the in Chapter 4, page 89 ff. in
“Integrated Pollution Prevention and Control - Draft
Reference Document on Best Avalible Techniques for the
Manufacture of Large Volume Inorganic Chemicals -
Amonia Acids and Fertelizers” obtainable via the
European Commission. The sulphuric acid plant 10 is
connected to a series of other plants. For instance,
the acetone cyanohydrin preparation 20 is supplied with
concentrated sulphuric acid via a sulphuric acid line
2. Moreover, a further sulphuric acid line 3 exists
between the sulphuric acid plant 100 and the amidation
40. The dilute sulphuric acid also referred to as
“Spent Acid” from the esterification 50 (hydroleis
50a) is transferred to the sulphuric acid plant 100
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through the lines for spent sulphuric acid 4 and 5. In
the sulphuric acid plant 100, the dilute sulphuric acid
can be worked up. The workup of the dilute sulphuric
acid can be effected, for example, as described in
WO 02/23088 Al or WO 02/23089 Al. In general, the
plants are manufactured from the materials which are
familiar to those skilled in the art and appear to be
suitable for the particular stresses. Usually, the
material is stainless steel which must in particular
have exceptional acid resistance. The regions of the
plants which are operated with sulphuric acid and
especially with concentrated sulphuric acid are
additionally lined and protected with ceramic materials
or plastics. In addition, the methacrylic acid obtained
in the methacrylic acid plant 50a can be fed via a
methacrylic acid line 6 to the prepurification 60. It
has also been found to be useful to add a stabilizer
indicated with wg” in the acetone cyanohydrin
preparation 20, the amidation 40, the esterification
50, the hydrolysis 50a, the prepurification 60 and also

the end purification 70.

In the acetone cyanohydrin preparation 20 shown in
Figure 2, the acetone is provided in an acetone vessel
21 and the hydrocyanic acid in a hydrocyanic acid
veasel 22. The acetone vessel 21 has a scrubbing tower
23 which, in its upper region, has one or more cooling
elements 24. A series of offgas lines 25 which stem
from various plants in the plant system 1 open into the
scrubbing tower 23. The acetone is fed into a loop
reactor 26 via the écetone feed 27 and the hydrocyanic
acid via the hydrocyanic acid feed 28 downstream of the
hydrocyanic acid feed 28 1is disposed a pump 29,
followed in turn by a catalyst feed 210 which 1is
followed by a static mixer 211. This is followed by a
heat exchanger 212 which has a series of flow
regsistances 213 and at least one cooling line 214. In

the loop reactor. 26, the reaction mixture consisting of
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acetone, hydrocyanic acid and catalyst is conducted in
a circuit to a considerable degree, which is indicated
by bold lines. From the heat exchanger 212, the
reaction mixture is conducted via the flow resistances
along the cooling 1lines 214, and a portion of the
circulation stream is passed into a further heat
exchanger 215 to which is connected a collecting vessel
216 in which a nozzle 217 1is present as part of a
cooling circuit 218 with a heat exchanger 219, which
keeps the reaction product firstly in motion and
secondly cool. Via an outlet 220 which follows the
collecting vessel 216, a stabilizer vessel 221 is
attached, into which a sulphuric acid feed 222 opens
and from which the crude acetone cyanohydrin is
conducted through the outlet 223 into the acetone

cyanohydrin workup 30.

In Figure 3, coming from the cyanohydrin preparation
20, the outlet 223 opens into a heat exchanger 31 in
which the stream coming from the cyan preparation 20 is
heated. A vapour 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 is disposed the column bottom 35 from which a
bottoms outlet 36 leads into the heat exchanger 31 and
heats the streams conducted through the outlet 223 into
the heat exchange 31. A pure product line 37 is
connected to the heat exchanger 31, which is followed
downstream by the amidation 40. In the top region of
the column 33 is disposed a tops outlet 38 which opens
into a heat exchanger 39 to which a vacuum pump 310 is
connected and opens in turn into a heat exchanger 311.
Both the heat exchanger 39 and the heat exchanger 311
are connected via lines to a cooling vessel 312 to
which a recycle line 313 is connected and 1is connected

to the 1loop reactor 26 in  the acetone cyanchydrin
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preparation 20.

The amidation 40 depicted in Fig. 4 first has an
acetone cyanohydrin feed 41 and a sulphuric acid feed
42 which open into a loop reactor 43. The acetone
cyanohydrin feed 41 connected to the acetone
cyanohydrin workup 30 opens into the circuit of the
loop reactor 43 downstream of a pump 44 and upstream of
a mixer 45. Upstream of this pump 44, the sulphuric
acid feed 42 opens out. The mixer 45 1is followed
downstream by a heat exchanger 46 which in turn opens
into a gas separator 47 from which, firstly, a gas
outlet 48 and a feed 49 to a further loop reactor 410
exit. The further loop reactor 410 or a third has a
comparable construction to the first loop reactor 43.
From the further loop reactor 410, a feed 411 enters a
heat exchanger 412 which is followed by a gas separator
413, from which to a a gas outlet 414 and an amide line

415 exit, the latter leading to the esterification/
hydrolysis 50/MAA plant 50a.

Figure 5 shows. the esterification 50, in which a
solvent 1line 51 which conducts water and organic
solvent, and an amide line 52 connected to the
amidation 40 open into a tank 53 which is heatable by a
tank heater 54. In addition, an alcohol line 55 shown
with a broken line opens into the tank 53. The alcohol
line 55 opens out both in the upper and in the lower
region of the tank 53. The first tank 53 1is connected
to a further tank 53, which has a further tank heater
54’, via an ester vapour line 56 indicated by a line of
dashes and dots. This further tank 53’ too is connected
to the alcohol line 55 both from the bottom and from
the top. The ester vapour line 56 is connected to the
upper region of the tank 53’ and opens into a bottom 57
of a column 58. In addition, a 1line for dilute
sulphuric acid 59 is present in the upper region of the

tank 53’/. A tank unit 510 encircled in a dotted ellipse
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is formed from a heatable tank 53 and 54 with alcohol
line 55 and ester vapour line 56. It is possible for
one, two or more of such tank units to follow in
battery-like succession, each of these tank units 510
being connected via the ester vapour line 56 to the
bottom 57 of the column 58. From the bottom 57 of the
column 58, a high boiler line 511 also leads to the
tank 53, in order to feed water and organic solvent
back to the esterification. In the upper region,
preferably the top, of the column 58, a first heat
exchanger 512 followed by a further phase separator 513
are connected via a suitable line. Both at the top of
the -column 58 and in the first heat exchanger b5lz2, a
first stabilizer feed 414 (stabilizer indicated with
wg7) and a further stabilizer feed 515 may be provided
in order to feed an inhibitor or stabilizer which
prevents undesired polymerization. Connected to the
further phase separator 513 is a scrubber 516 in whose
lower region a solvent line 517 exits and opens out in
the solvent line 51 via a heat exchanger 521. From the
upper region of the scrubber 516, a crude ester line
exits and opens into the ester workup 60. The spent
acid line 59 exiting from the upper region of the tank
53’ or of the tank of the last tank unit 510 opens into
a flotation vessel 519 for removal of the solids and
constituents insoluble in the spent acid. From the
flotation vessel 519, a spent acid outlet 520 enters
the sulphuric acid plant 100, and a low boiler vapour
line 522 which conducts the low-boiling constituents,
for further workup and recycling, enters the

esterification.

The ester workup shown in Figure 6 is connected to the
esterification 50 via a crude ester line 61, the crude
ester feed 61 opening into the middle region of a
vacuum distillation column 62. This column 62 has
column internals 63 and a bottom heater 64 arranged in

the lower region of the column 62. From the lower
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region of the column 62 which constitutes the bottom of
this column, an ester outlet 65 exits, opens into the
ester fine purification 70 and hence feeds the crude
ester freed of low boilers to the fine purification. In
the upper region of the column 62, usually in the top,
a first heat exchanger 66 is connected via an outlet,
as are one further heat exchanger or a plurality of
heat exchangers 67 which are followed by a phase
separator 69. In the phase separator 69 the mixture
stemming from the heat exchanger 67 1is divided into
organic and aqueous constituents, a recycle line 611 in
the upper region being connected to the phase separator
69 and opening out in the upper region of the column
62.. In the 1lower 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 denerator 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 -
one (or more) further heat exchangers 76 which are
connected to a reduced-pressure generator 717. The
outlet of the further heat exchanger 76 has a line from
which, firstly, an ester recycle line 77 opens into the
upper region, or into the top, of the distillation
column 71. The ester recycle line 77 has a stabilizer
metering point 79 which is. disposed in . the ester
recycle line 77 upstream of a mixer 78. Secondly, from
the line of the further heat exchanger 76, a pure ester
outlet 710 exits. An additional heat exchanger 711 and

another heat exchanger 712 are connected to this in
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series connection. These are followed by a molecular -
sieve - vessel 713 which has molecular sieve packings
714 . Purified further by the molecular sieve, the
ultrapure ester is transferred through the ultrapure
ester outlet connected to the molecular sieve vessel

into the further processing plant 80.
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PO e KOAmEX ER4F¢8t s, 15d. separating the condensate

gt 0 a1emx@ani ¢ phase and an aqueous phase in at | east

one separatin par at us, e. washing the organic
ase ﬁﬁéfqﬁ? “obtai n a washed or gani c phase and
washi rr@n%O\maxtl&r and optionally f. recycling the

%ggio%sitg%h%%qlre%vl%% toget her with the washi ng wat er

0 at I'east one reacti on chanber. 25 2. Process
&deor diead teecbagignrl, characterized in that the

gq%ct iR chamber-used is one tank or a battery of 2,
4 nore tanks. 3.Process according to one of

Gl n@tfbérllferséee@r]ar acterized in that water which

caEpr irses hakkk atelbiandesulfplada i c acid is fed at | east
partly to the reaction chanber or to the first of two

Gt o & trESEEP8h “SHaWBer s. 35 4. Process according to
ang ofsoilvenpr écdedi ng cl ai ns, characterized in that the

%%%pe%é%ﬁkeés%ekhqine

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



reacti on chanber is adjusted to about 90 to about

120C, and vaporous reaction product is wthdrawmn - 57

- fromthe reaction mxture fromone or nore reaction
chanbers and is subjected to a separati n oEerati on bX
R 12 0/ 0e6 40663t i f i cat i on col urm,; condenB&d/FER28A&/8p9107
nore heat exchangers and 5 ubsequently washed wi th

wat er as the condensate, thé washing water thus

o/%t ai %ec% Reing . r ezqu g;g sthe reaction product by
phase separatl on an re% ' ed back into at |east one
riddct iforreciesfsar out@d <5 Process according to one of the

Wl%ceidchg_tq|o@iaﬁ5,he%!%afea&tk&rﬂg@d in that it conprises
e foll ow ng steps m xture conprising water,

a?r?aﬂ?onl%r]fﬁeéfalkl% Fé%ﬁn&? broduct, solids and sul phuric
'@qi3d &ﬁ;(l%ra;eﬂtara@l@)ve SreMsIel'ldr awn fromat |east one
ctl Ugﬁ >§ture|sfedto at | east
c?rjr r\/‘;“-gs}fep‘—’lc ch it is largely freed of
gals dSthr)rafgLuteﬁtelsduer mxtjidte flotation vessel is
gq%rg Wtbl?;ﬁte%a'l‘gi Q the effect that the reaction
produc %'s converted fromthe mxture into the vapour
phdse Lo, btid syage@v phase conprising at |east water
~25and reaction product is cooled in at |east one heat
exchanger so as to foima postcondensate conpri sing
wat er and reaction product, and e. the condensate is
recycled into at | east one 30reaction chanber.
6. Process according to Claimb5, characterized in
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that the inside of at |east one heat exchanger is
sprayed with washing water fromthe washing of the
35condensate fromthe rectification colum of the
prepurification step. WD 2008/ 068063

WRCP/0BRZ0GB0639107 - 58 - that a ni xturBCEfEP2007/059107
post condensat e and washi ng ter fornms in the heat
exchanger and is recycled into at | east one reaCtion
g_Jlingpn%r. 5 8. Process according to one of the preceding
clarns, characterized in that the reaction product is
subjected to at | east one prepurification and at | east
qQne My RS f#sAat beBpatiagr egoty ONmpehduetylabetheés the
prepurification bej ng gree by distillation 10

pr edoRCREHE BFARFDHEM i ng i mpurities which have a

| ower zhoi | isn@jpeititncgt ham t reaaktkph netirdomd at eomprising

prepared, and.al so-of .azeotr ] -t hereaf wigh
wat er, and gihﬁ‘é:r rlgén %'I%ﬁ t"ﬁagpéna’l %%E‘?W?%% %gﬁg 'EYM& _at
pr edoni nantllepsef hi giver - Bdikaneg 15Fapuri i esSWAT &R favEon

a hi gher bg%'E%QoBQH%tcE%a%rtQ%r@ ks crethaehhdlee s ,

prepar ed. rocess according to Caim.B8,
char adt-er i so@iestiRg the 19w FPRGEIAPURITELaréC @

subj ect ed tepar2@inegondepsakicadni N @ne oatnorkeheat one
exchangers, the condensate.is subjected to a phase

e
separ at i on *&G4 HEHE2EGOE0 T8 Ipke of t he condensate is
recycked i mbadansieast thee reactiion chaabert 28high has

Process acgardin ane; of. .t RLeSedl NgoCld Byt | i
characteri g;%&‘i{l n%k%]g? atdl fggs?gonegr eact i %n d(:?harr‘oelroni sln
char ged wi theacr Rogce heR tnepichen@edifi-de and

concegt r at %gpggla@q%gi Ctael dcodBehdatBrocass agaordidgnic
to one of the prece ig claims, characterized i;n _that

h
a battery 8P28e PR Al ARETE uBBESHs reatti grost ©ne
chanbers. 2paPeecessappeaatdiuag t o one of the

precedi ng clainms, 3 character]j z | 1L that 4 he, yater
pr esefit inwf"‘ﬁ’élflgac?ihgn m aﬁlrle(J s%ceiqrésglat oh”?\lnt extent of
at | east 60%byrwedghwashed amegariqophase t pad washing

following proacess gkemprtisnally
f. recycling the aqueous phase removed together

with the washing water back into at least one

reaction chamber.

2. Process according to Claim 1, characterized in
that the reaction chamber used is one tank or a

battery of 2, 3, 4 or more tanks.

3. Process according to one of Claims 1 or 2,
characterized in that water which comprises
alkanol and sulphuric acid is fed at least partly
to the reaction chamber or to the first of two or

more reaction chambers.

4. Process according to one of the preceding claims,
characterized in that the temperature in the
reaction chamber is adjusted to about 90 to about

120°C, and vaporous reaction product is withdrawn
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- 59 - a.washing of the crude reaction product after a
first separating operation with water and subsequently
renovi ng the aqueous phase by phase separation,

5b.driving reaction product out of the spent ] |

#0e 2P08A@68083equent | y condensi ng the nFE?ZF%g§¢9/8g5PO7
reaction product and steam thus obtai ned,

c.distillativel yrenovinglowboiling 10 inpurities and

their :3zg0t ropes wiib: wal er i xemrthe feicude dreactémN more
product, cqndensgg%)the inpurities, renmyed adnixing .
t he c@&fdeRdQe SHAFPSHE &%nd rE ?EF%h%¢a%u%%%%r ting

phasefg%x@ma@@,sggarab%ag. 35 13. Peocesscatcondi agluon,
one of e preceding clains, charac Lzed. | it
conpr i e&ﬁg%orlﬁorgngf Phe S?Fomﬁﬁékprggggghgégs and
el enertdscaueptdyaraghatevone wparshydt i Hhe repndensate,
acetone 2 hydr ocyani i oy b ri £ yi

rost oAb LI RN S0 i D B 0ck e ron
converttieng neREAdErON @ RSAABhy dPY nt BL¥RE hatPRREAT tRY 28nd

14. Appanatius) HRlkPHeRd kg 12l okt hatiadiare chaimber .
| east conprising a.one or nore reaction chanmbers in
whi ch a reaction m xture conprising

@ethg@mﬂﬁfggﬂacdﬂhuﬂﬁg,t@ubpbudﬂ:Ehﬂc@z&mb@&n@Jkéﬁbms,
can be. subjected in at esterifl Lan CEi ;

b ot PEAGETaRe Foct T SREon ol GRE TR ahi G { ho owing
r eact istepgr:oduct can be subjected to a separating

oper atj on, ,35¢; 0Ne-Or S iRGaly exshangersmchiwi cBalts,
t he reaction product subjected to a seggratinql . .
oper at i on E8A e o810 NeFERd et + solids a sulphuric acid

(spent acid) is withdrawn from at least one
reaction chamber,

b. the mixture is fed to at least one flotation
vessel, in which it is largely freed of
solids by flotation,

c. the flotation vessel is charged with steam to
the effect that the reaction product is
converted from the mixture into the wvapour
phase,

d. the vapour phase comprising at least water
and reaction product is cooled in at least
one heat exchanger SO as to form a
postcondensate comprising water and reaction
product, and

e. the condensate is recycled into at least one

reaction chamber.

6. Procegss according to Claim 5, characterized in
that the inside of at least one heat exchanger 1is
sprayed with washing water from the washing of the

condensate from the rectification column of the

prepurification step.

7. Process according to Claim 6, characterized in
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d.at | east one separating apparatus in which - 60 -

t he condensate can be separated into an organi c phase
and an aqueous phase, e.at |east one washing colum in
whi ch the organi c phase can be washed with water, and

" Bof 20a8/lo6as630one fl ui d-conducting connRET/BR2HRT (REHL07

separating apparatus and at _L,east one reaction
chamber, through which the rennved aqueous phase, if

appr Ol%@g%t g 1.0g¢ tuqeeldﬂt I{b Mashing V@z{@rwa&@ﬂl@ewater

recyc b&cK' |n ast one reaction chanmhe
15. Aﬁpatr@t us: atker diead t@@aa"lgrﬁrl4an@haﬁac‘%eé3r§’icz]é‘di j fpto

t hat Ll ﬁ% %Qe%n%tr%%%%ﬁo%oﬁﬁbh@%% a. 'l east one
dlstlllatlon colum in which the 15crude reacti on

product can be freed of inpurities having a boiling
ROI Nt phoweksst hattdhatndftd henal byl tiet hacrqdditres antie Ofis |,

azeotr pes t her.eof. wi.t h t :
exchaf§er ach SHiZER t HE ZggegpoFgﬁsa|%%§?? ?225¥£§§£t o

and t keirj cazedt ru:cpeatvmlidaswatme caneperébmndensed tagd at

form ndensat e d|
in mhlcﬁ%theqéon ensa gkﬁggggﬁ%gg E%% %ﬁﬁ%ﬁfﬁn @ﬁuCt

| east ionéhsepareruimd idspdat deing vﬁﬁ%ﬁﬁi aWa%%thsiatlon

phase dib%gn%%EQ§n%ﬁiQd%ﬂbd¥i£ﬁ§ﬁﬂﬁ§d¥hﬁiéﬁnwwhch have
organlc phase and  e. at east e f|UI qggﬁuct

conneét ilgwer boiling point Jiia %%%late
and abrbgagbdgneuﬁﬂr@3@6|0ﬁ aﬁ&mhenplt6nuxtures thereof

Appar accor ngt.od ai m t d
it qu?% %aSt éﬁﬁ%rlégé%g, 3€$é8& e;gis gﬁg tMfdin

vessepu¢ﬁﬁotatnom.veg@@@pmumantly of  higher-boiling
" impurities which have a higher boiling point than

the alkyl methacrylate prepared.

9. Process according to Claim 8, characterized in
that the low-boiling impurities are subjected to a
condensation in one or more heat exchangers, the
condensate is subjected to a phase separation and
the aqueous phase of the condensate is recycled

into .at least one reaction chamber.

10. Process according to one of the preceding claims,
characterized in that at least one reaction
chamber is charged with a mixture of methacryl-

amide and concentrated sulphuric acid.

11. Process according to one of the preceding claims,
characterized in that a battery of 2, 3 or 4 tanks

is used as reaction chambers.

12. Process according to one of the preceding claims,
characterized in that the water present in the
reaction mixture stems to an extent of at least
60% by weight from one or more of the following

- process -elements:
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whi ch spent acid fromthe esterification reaction can

be freed at least partly of solids; - 61 g.at |east

one -fluid-conducting connection between flotation
vessel and a reaction chanber itat |east one heat

woc RA0GF0 6806 3condensi ng vapor ous subst BAEEEP2RQEBNP hYL 07
fromthe flotation vessel, at | east one

f1 ui d-conducti ng connection Betmeen separati ng

appar at usa Qgﬁg [ ! Ledi

t he 1@'aqu§%ﬁg§%§é§§po ta?%%ﬁﬂ?ﬁggﬁgnggggﬁgginglg%égr 2
appar at us CATStt heebpratios oPPEKatheRt BkERanfefer and
3.at | east songbiurind16ondusbi NggCoecbiRRous phase by
bet ween heat -eXchangér and at ?east one 15reaction
chaut her. PPaspr §688< 33 pr epari ng pol yners based at

| east ppart by ieAnal kybagetbacrytades; conpr ioi nghehespent

steps of 20a..prepar,ing,an_al k ne b ;
process ac@&lgi n‘gla?% %tﬁar[ﬁ 1?%%. Sﬁ%ﬂg%%n‘éhr\%%ﬁﬁg %(%lgdensmg
al kyl met hateyl atstand opfi oreddbicn comodomsr ; agd steam

wor ki ng uptknglgb%gL t hacryl ate. 25 18. Process
aecording to aim 17, wherein the

pol yner.i zatiishiidptdzedd byf r edauaiicH low-boiling
pol yneri zatp:@lrities and their azeotropes with water

from the crude reaction product, condensing
the impurities removed, admixing the
condensate with water and removing the

agueous phase by phase separation.

'13. Process according to one of the preceding claims,

characterized in that it comprises one or more of

‘the following process elements:

a. preparing acetone cyanohydrin from acetone
and hydrocyanic acid;

b. purifying the acetone cyanohydrin 1in a
rectification column;

c. converting the acetone cyanohydrin to

methacrylamide.

14. Apparatus for preparing alkyl methacrylate, at
least comprising
a. one or more reaction chambers in which a
reaction mixture comprising methacrylamide,
water, sulphuric acid and an alkanol can be
subjected in a to an esterification reaction,
b. at least one rectification column in which
the reaction product can be subjected to a
separating operation,
C. one or more heat exchangers: in which the
reaction product subjected to a separating
- operation can be condensed,

d. at least one separating apparatus in which
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15.

16.

- 60 -

the condensate can be separated into an
organic phase and an aqueous phase,

e. at least one washing column in which the
organic phase can be washed with water, and

f. at least one fluid-conducting connection
between separating apparatus and at least one
reaction chamber, through which the removed
aqueous phase, if appropriate together with
the washing water, can be recycled back into

at least one reaction chamber.

Apparatus according to Claim 14, characterized in

that it further at least comprises:

a. at least one distillation column in which the
crude vreaction product can be freed of
impurities having a boiling point lower than
that of the alkyl methacrylate and of
azeotropes thereof with water;

b. at least one heat exchanger 1in which the
vaporous impurities removed and their
azeotropes with water can be condensed to
form a condensate;

c. at least one feedline for water, in which the
condengate is admixed with water;

d. at least one separating apparatus in which an
aqueous phase of the condensate can be
separated from an organic phase and

e. at least one fluid-conducting connection
between the aqueous phase and at least one

reaction chamber.

Apparatus according to Claim 14 or 15,

characterized 1in that it further at least

comprises:

f. at least one vessel (flotation vessel) in
which spent acid from the esterification
reaction can be freed at least partly of

solids;
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18.

- 61 -

g . at least one -fluid-conducting connection
between flotation wvessel and a reaction
chamber;

h. at least one heat exchanger for condensing

vaporous substances escaping from the

flotation vessel;

at least one fluid-conducting connection

-

between separating apparatus and heat
exchanger, which enables feeding of the
aqueous phase obtained in the separating
apparatus into the interior of the heat
exchanger;

sl at least one fluid-conducting connection
between heat exchanger and at least one

reaction chamber.

Process for preparing polymers based at least
partly on alkyl methacrylates, comprising the

steps of:

a. preparing an alkyl methacrylate by a process
according to Claim 1;

b. polymerizing the alkyl methacrylate and
optionally a comonomer;

G working up the alkyl methacrylate.

Process ac¢cording to Claim 17, wherein the
polymerization is effected by free-radical

polymerization.



