- 1 - METHOD FOR PRODUCI NG METHACRYLI C ALKYL ESTERS BY WAY OF AZEOTROPI C
DI STI LLATI ON The present invention relates in general terns to a process
for preparing al kyl nmethacrylates, to an apparatus for preparing al kyl

nmet hacryl ates, to a process for preparing polyners based at |east partly on
products based on al kyl nmethacryl ates obtai nable by the process according
to the invention. ‘
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METHOD FOR PRODUCING METHACRYLIC ALKYL ESTERS BY WAY OF
AZEOTRCPIC DISTILLATION

The present invention relates in general terms to a
process for preparing alkyl methacrylates, to an
apparatus for preparing alkyl methacrylates, to a’
process for preparing polymers based at least partly on
alkyl methacrylates, to the use of the alkyl
methacrylates obtainable by the process according to
the invention in chemical products, and to chemical
products based on alkyl methacrylates obtainable by the

process according to the invention.

Process for preparing alkyl methacrylates, especially
methyl methacrylate, are known from the prior art. For
example, EP 0 561 264 A2 discloges a process for
preparing methyl methacrylate, methacrylamide sulphate
being obtained as a precursor of methyl methacrylate by
a transport reaction at high temperatureg. In addition
to the high energy use cogts associated with processes
at high temperatures, it is generally disadvantageous
. to subject methyl methacrylate and its precursors,
which have gquite a high tendency to polymerize, to a
partiéularly high level of thermal stress.

In general terms, it was therefore an object of the
present invention to overcome the disadvantages which

arise from the prior art.

In particular, it was an object of the invention to
prepare alkyl methacrylates in a particularly gentle

and inexpensive manner with high yields.

It was a further object of the invention, as well as
the reactants needed for the preparation of alkyl
methacrylates, to use a very small number of other

chemicals in the preparation of alkyl methacrylates,



i Process for preparing al kyl nethacryl ates, especially methyl nethacryl ate,

i are known fromthe prior art. For exanple, EP 0 561 264 A2 discloses a

- process for preparing nethyl nmethacrylate, methacrylam de sul phate being
obtained as a precursor of nethyl nethacrylate by a transport reaction at
hi gh tenperatures. In addition to the high energy use costs associated with
processes at high tenperatures, it is generally di sadvantageous to subject

-methyl nmethacrylate and its precursors, which have quite a high tendency to
polymerize, to a particularly high | evek of thermal stress. In general
terms, it was therefore an object of the present invention to overcone the
di sadvant ages Wiickh afheevigombele pkd orbaar trempue@arky cylcarlicatads an

obj ect of thegurventiolod OsPESPAr 81aLKYLnABENRGEYhat esnbRidaPar bi-gul arly
gentle and |nex§en§£¥e ma nex(¥%th hhgh ﬁbelds. It was a,furtger obj ect of
“the inventi onI"EETRTY WTHE SPeddt &AFs SHREGRW T oPTIEFr8BalPat FBR of al kyl
net hacryl at esalkylusethaveyletsml |espartied 1gf wbehedtchebatas stonthae
preparation obrapkybe I®L NGEr ¥l &€S%s used -in vmecméai%ﬁwt%%hheysﬂgq be

removed by congllcated purification steps, since these further chemcals
are general | y°Gfii8Sired in the subsequent processing of the al kyl
net hacryl ates, especially when it relates to the preparation of plastics

used in the nedi caliite6ANOk PO¥aseGt Qhurenkl adbbioRs kheWas anfysther
obj ect of the_invention Eéﬁr duce the shutdown ti1nmes of plants for

preparing al kyP 5Er VA UERIEh G SesPecPafttye aSSbcPAFRETWIEh t he
renmoval of pobkyket wEtdhaciyglasesndediicabl yre nepbaniaphy t sswbicchtedne 1 nto

contact with gkyl Bt DaGEVAALES. pdy St mﬂ{i&piﬁ%sotlnh@'si}faﬂfyti n was to
provi de an i oved a Baratus,for prepari ng al kyl nethacryl ates ich
all ows the p?ggﬁPgtiBE of tKBsEResteFe withoni APRERTShUYY pillk¥s and in a

gentl e and hemeehaconcmesal |y efficient manner.

A further object of the invention was to provide an
improved apparatus for preparing alkyl methacrylates
~ which allows the preparation of these esters with
minimum shutdown times and in a gentle and hence

economically efficient manner.

It was another object of the invention that, after the
preparation'of an alkyl methacrylate, only a minimum
level of workup and purification complexity has to be
employed.

A contribution to the solution of at least one of the
aforementioned objects is made by the subject matter of
the category-forming claims, the subclaims constituting

preferred embodiments of the present invention.

The present invention thus also relates to a process

for preparing alkyl methacrylates, comprising as steps:

i. providing an acetone cyanohydrin by a process
according to one of the preceding claims;

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

iii. contacting the methacrylamide with an alcochol



1t was another object of the invention that, after the preparation of an

- al kyl nmethacrylate, only a mnimmlevel of workup and purification
~conplexity has to be enployed. A contribution to the solution of at |east
-one of the aforenentioned objects is made by the subject matter of the
category-formng clains, the subclains constituting preferred enbodi nents
of the present invention. The present invention thus also relates to a
process for preparing al kyl methacryl ates, conprising as steps: i.providing
an acetone cyanohydrin by a process accarding to one of the preceding
clainms; contacting the acetone cyanohydrin with an inorganic acid to obtain
a nmethacrylam de; iii. twntaetiprmgseheenetthagnyliaskrdenidt hcad alrcohol - 3 -

reactor to obtain an alkyl methacrylate;

iv. continuously discharging at least a portion
of the alkyl methacrylate from the reactor
into a distillation column as a vapour
stream;

the discharge being effected by feeding a discharge

stream comprising steam into the reactor,

In principle, discharge streams are all steam-comprising
streams which are known to those skilled in the art and
appear to be suitable. The discharge stream may consist
either completely of steam or water or comprise further
gases, for example nitrogen or air, as well as steam.
It is generally preferred that the discharge stream
comprises at least 40% by volume, preferably at least
60% by volume and more preferably at ieast 85% by
volume, basged in each case on the starting stream, of
steam. The discharge stream may have a temperature in a
~range of about 90 to about 180°C, preferably in a range
of about 100 to about 160°C, preferably in a range of
about 100 to about 140°C and more preferably in a range
of about 105 to about 135°C. It may also be preferred
that the discharge stream is. fed into the reactor with
a pressure which is greater than the reactor pressure.
In general, the feed pressure is at least 1.01 times,
preferably at least 1.2 times and more preferably at
least twice as high as the pressure in the reactor. The
feed pressure is preferably within a range of about 1
to about 8 bar, preferably within a range of about 1 to
about 5 bar and more preferably in a range of about 1.5
to about 3 bar.

Continuous discharge is understood to mean non-
portionwise discharge without interruption, not in
portions but over a prolonged period, often at  least
one hour, preferably at least 24 hours and more



in the presence of an inorganic acid in a reactor to obtain an al kyl

nmet hacryl ate; iv. continuously discharging at |least a portion of the alkyl
met hacrylate fromthe reactor into a distillation colum as a vapour
stream the discharge being effected by feeding a discharge stream
conprising steaminto the reactor. In principle, discharge streans are all
steam conprising streans which are known to those skilled in the art and
appear to be suitable. The discharge stream may consi st either conpletely
of steamor water or conprise further_gases, for exanple nitrogen or air,
as well as steam It is generally preferred that the discharge stream
conprises at beasérlop by Velaswe7 paesermdd yeaitineast 6p8byisolsfire and
Tor e v ef er ablyeal.heast Ao ol UlE.asad 1, gaeh Gasergl.Lle starting
stream of stéam i SC ar ge s eam nay have a tenpérature in a range of
about 90 to abbutisigalso p?@ﬁé%hb@yfpﬁ aPtl%iFgeS‘éﬁFp%b@ﬁt HE0 PEeadduUt 160C,
preferably i nagcéadgey o aleuUtinlBQtion aboute 1K ARd FBREipLEHETRPlY In a
range of abou %Qgrto a utn 135§renlttna aI songlm%ueg el eerd t_:tlhat the

di scharge str ARiTs 1 TALe the reaccfor Wi th & pressur iCh iS greater

t han the reacfesPHr éésur@ndl ngenedad Rﬂ?élf?ééarprlé‘fs%ﬁ?rr@m? apeirgst 1.01
times, prefergbbynatol easdc 1o2 tit@ss and. moarce pi-ef ersald ypatrbeaste t W ce as
hi gh as the PEe tskgre bn, t he reaec&ort': }k eed resgsureolega@ricegler ly within
a range of about So88t B BAr, “Br e abSFYTRPERTR $5PERGEC8F Fbout 1 to
about 5 bar afdepdrie p‘roefléfr ably in a range of about 1.5 to about 3 bar.
Cont i nuous di scharge i's understood to nean nonport| onw se di scharge w t hout
i nterruption, ortions but. over, of ten_at | east

e
one hour, pref® a%]: R N R, ngﬁgﬁﬁorgg Xeg ref“é?“a%}fy at least 7
days. The conﬁ%ﬂbuéﬁooﬁé&%ﬁ o ofl ahelpr bbessrts Fied éﬁp?aresﬂorl]@f% ed to

step iv. Insteagsadle.i Sogksn, p0§1§é bl alebret h@festm&e@f bhe process
according to thﬁtl nventl effect e% contl uous }gr ef erence bei ng
% EEe

given to the EohtTnddtid op¥itat'i eﬁeof ste AERETi v Rd“PATTTul ar
pref erence bevhighigi venraege haf abowst eps Ep. abeutv180&ﬁd preferambe furt her

bei ng given tgodhe 9@ntbnla%@t0r1%roat:l AhOfmStLPSrd feda® iV . wildsgflil 5 react or s
are in principle all.v ss %BWEICI’] ar e ﬁgv&; é‘{) hose |IIed n the art
and appear to Be%it R, *Pr tt A eﬁéa d oR°Y %ﬁ wal | s,
‘'such that there l‘—beartempwmmreamnaitﬁe beadretedi tlyi meansargfe ©fe about 70
to about 180Gy guef.8f-akkyghout 90 to about 150C and nore preferably w thin

a range of about 95 to about 145C. However, the reactors or their contents

can al so be heated by neans of the discharge stream
It is alsoc preferred that the alcohol used £for the

inventive reaction to give the alkyl methacrylate is
fed in in a lower region of the reactor, often even the
reactor bottom. Lower region ig generally understood to
mean the lower half of the volume of the reactor. The
alcohol is preferably fed in through a porous body.
This contributes to better mixing of the reaction
mixture pregent in the reactor. Often, as a result of
this measure, 1t 18 no longer necessary that the
reactor has additionally driven stirrers. Suitable
porous bodies include all porous bodies which are known
to those gkilled in the art and appear to be sguitable
for this purpose, such as diaphragms or foams composed
-of glass or metal. It is advantageous, like the entire
design of the inner region of the reactor too, that the
porous body is formed from a particularly acid

resistant material. This should withstand the inorganic



It is also preferred that the al cohol used for the inventive reaction to
give the alkyl nethacrylate is fed in in a |ower region of the reactor,
often even the reactor bottom Lower region is generally understood to nean
the lower half of the volune of the reactor. The alcohol is preferably fed
in through a porous body. This contributes to better m xing of the reaction
m xture present in the reactor. Oten, as a result of this neasure, it is
no | onger necessary that the reactor has additionally driven stirrers.

Sui t abl e porous bodies include all porogs- bodi es which are known to those
skilled in the art and appear to be suitable for this purpose, such as

di aphragns or atbdssusedposedhef pgbasssorcaetdaling | toi shadvantagbas, |ike
the entire deghgonokyLh8 LAORTP0hOM Oln ! B T 885 Obe! B8nolhdtaldle POrOUS
body is fornmed froma particularly acid resistant ,materl_aF. I's should

wi thst and t he®FhdF gafid? 255 COongepBEatRed THRMWE1Fr 08844 ack®?Eihg to the
i nvention, whpohoas e podfer abkdysaisethdlmdehe pketorated oncerd s at echaci ds such
as concentrat hur.i c i 4., Usef Wl _porous i 5. lnelu

per forat ed tugggl?&%tﬁlgﬂ%r of)%?t i(%)r?s gtf%teﬁe taglgestaggd ?ﬁlgé%%ﬁéé%gl o%ﬁd and
position of tReShot¥s I Wi eP kafesiay Hiern §hgur de doping e biashl & shape and
density to bethaehileMgde | rhgeser ahd thensitze afo t he hakRsevedw tiin a range

of about 0.01 ut M, . pr.ef | it hj | e_of Q.1 to.about 25
mm and nore p?éerg%%;l‘g’l tl?\ngt Ey?leaor%aﬁ{g}gebo Ola %u%gogégﬁggl n]%%% ®n % furt her
enbodi ment of #pPet pf dtledd® abe¥EdPAgM o BHREGyRRAt PARNINt 2] BargritT y
possi bl e thatothetal epbat b5 fuRdah® hBra&nNpUPPeraylsgiwiti thersgpetor. This
feeding-in is_gef referab by spraying or jetting the al cohol in,
and it is pr e?%r%}gog}tte%é{% ?%e&gl %%hol fl ows here against the inner walls of
t he vapour space of the reactor in order to wash off al kyl nethacrylate
adher i nlg tlherm inﬁ:md%rr habdihefe eantind gbﬁo%@;)éf uadesaf@@l tplﬁltyrf@ri Zﬁti on.
Particularly i apparat u r i_ng.of the al-cohol. into the
upper region g}r;’%é%&r%y %Qnglgé m%?%%le?}r ?Orr‘ibsﬁ%t &d he tov& %ealrcceogléltlorlﬁ id. It is
al so preferrefed Wt hércopgicti SAIIAN t ¢f nthsheagicserl | hienfesdingr are
sel ected suchid hak, eficeetey, pirbgeabky) bRt hasbyhabe dreapas e ghstillation
col umm, _pref eablycvig the d op. s Jowbolkers.in the ypper, region. and the
hi gh boil ers, usuacﬁy rret'hacryl i'c &cid, ﬁy%roxyl sobutyric ester and water,
can be recyclratadsdast part bynpackallt ooft Féer dappor. sThes tehpdiature i s
sel ec'égad ?ccqéj;%]qtg;rt 0 itrhe o@la{@fl brf@t hg%rs}ﬁl abgft oa%g)é%i an-bl;:!rj_gélr latteapd ibs
accordingly wit,hin ar e of .about t 0 refera of about
GO to about 1POCTANd n‘gﬁgr%’r_ ef'&r aBf§ =i ttl%%ar%“ a%%ﬁ%e d@frglé%ou eGSQ/I% about .
110C. In the waksigled he pelyndrizatgon.met hertdatlerlyhesestppelat ure
ranges may |ikaw:seubereui tAbl eeePaid ISt RRELBLENERLHOL % ©h to
effecting distillation within a range&gf. gbout 65 to abouyt 11 and nore
preferably witifiF™h FAhgERSFYabbtiST ol 6  abtiit BOE CShe P68V 1T i on i s
ef f ect ed undereaddt@rplédsur es whi ch appear to be suitable to those skilled
in the art depending on the alkyl nethacrylate to be distilled. In general,
the pressures are within a range of about 0.7 to about 1.2 bhar, preferably
within a rangd ofSabddl P FFHpohats. theacoRfdtasre pré¢tdrabtiewithin a
range of abouti=.i99atdoabautluihn03ab@ar seThetedr reeh sel=act i diwofly he
pressure and gigmenatur LELORS i SOy LNtk ek t GQIposi tion
of the vapouré st reéﬁflt (ﬁ?ceh%%;}??:al‘%e&feg?f%ggﬁgrE%L%?%g%g%%u?&st r €am may
have the fol IRRAGS2RdHpIEIct i ekt baBed 36n 13k Lapbeis stPedhe MwREE han 70%
by wei ght ﬁf widéyin , mehhaehyl Bl’ﬁ@ll'la]?\@im,t il%mﬁllyhag%aagyiﬁ@%&yd,v\ei _ggt of
‘wat er, netha e, . et or nat.e a- roxyisqQbutyric acid,
DNE. et hacr ot SR BORRHY DR f SPTe Binqvetel “oahILROR SRR 15

least partly back into the reactor. The temperature is

selected according to the alkyl methacrylate to be
distilled off and is accordingly within a range of
about 50 to about 150°C, preferably of about 60 to
about 120°C and more preferably within a range of about
65 to about 110°C. In the case of the methyl



It is also preferred in accordance with the invention that an azeotropic
distillation is effected in the distillation colum. In general, the
azeotrope fornms fromthe al kyl methacrylates fornmed in the reactor and the
water fromthe steam and al cohol. In the case that the distillation is
effected as an azeotropic distillation, it is preferred that the pressure
and tenperature conditions in the distillation colum are around the
pressure and the tenperature of the particular al kyl nethacryl ate azeotrope
with a deviation of not nore than 10% dt-is also preferred in accordance
with the invention that the vapour streamis fed into the distillation
colum in a chethdearylmbei otheFhe tbepdinguiatandes dist ilikamiier ¢al um is

then effectedspraferabl yohPrifi@lar 7prek@Weficd egiingl the distid] ation
col umm, which %f f ormed. at ,rﬂst ,b{\{ the | ower half of "the colum volune. A
§ &Frefe™

circul ar not i Ont AT S FERE™ 6t i THESWT T h2 87 shPt & e to
t hose skil | edalboutt Hel 081t aaddmdes cpi dofee tadhd vf Wwabwhof & heawveapofr =8taueam as it

is fed in. Fojpddstangs,d N apau %&@%@ﬂg%I eihé ede#dLaly theyawal I's of

the distillation colum in circular notions, ch, may al so have the shape
of a spiral ofP%f PASREMTSE THISENEAIRGE o tF e &G ngR P obR &1@&Sosi ti on of
the liquid cosistliltagenins et raaitnedpendihe vapoue sikehméttomtiietgaseous
constituents {0 he Achisgyed: hegliduid copstibuentss ramyaddiom the
vapour stream can be recycled at |l east partly back into the reactor. It is
al so preferr P9 KA Vi R BREYFndedt PBR: t REEES P Wapbididt r eam
passes through aagepar af oralupst r @awsof tor abputhe 1diisbat| atndn mealeum.

Useful appar dlis eyl Syl peRar abhon agparaldiy We!.ggl';é%ﬁﬁ%%tto those

skilled in the art and appears to uitabl e, especia separators.
Particul ar prefer &ice i (RATEEE cyelL8REISRp&Fat 1%, PRAFERT@r 74l so
referred to asmpentitvtagabohéf coorsepatat oilso | NnAldamckd adki ewset he

separation of.4he J;i-quidrand, 9as: compr i sing, VaApours %ir%(ilhieﬁl.‘i Land
gaseous constituents, the gaseous constituents being fed thereafter to the
di stillation SR astB@scraR™E aBbieami s1%f efdVabl ThPerfdrsd @ an

azeot ropi ¢ distrigdsdtion, Bheed nventhenvipsihest feinat emrteo thanampar at us f or

reparing al ryka Cc LSl o] ct : ngther in
PI uPd-co%ducﬁQn ‘mfj%)gr%c ékpfagﬁyleﬁ%ﬁ?!r?g?tigggriaﬁfgaltgg&g%%?c%tgﬁohydri n,

fol | owed by; 3PplIi&EHe &VeSiebtoPpiapari nfereEMaer VIRHIE, Msithoved by;
formate, alpha-hydroxyisobutyric acid, DME, methacrylic

acid and/or formic acid.

It is also preferred in accordance with the invention
that an azeotropic distillation i1s effected in the
distillation column. In general, Vthe azeotrope forms
from the alkyl methacrylates formed in the reactor and
the water from the steam and alcohol. In the case that
the distillation is effected as an azeotropic
distillation, it 1is preferred that the pressure and
temperature conditicong in the distillation column are
around the pressure and the temperature of the
particular alkyl methacrylate azeotrope with a
" deviation of not wmore than 10%.

It is also preferred in accordance with the invention
that the wvapour stream 1s fed into the distillation
column in a c¢ircular motion. The feeding into the

distillation column is then effected preferably in the




a plant elenment for preparing al kyl nethacrylate, - 8 - optionally

foll owed by a plant elenent for purifying the al kyl nethacrylate, the plant
el enent for preparing al kyl nmethacrylate conprising - at |east one
reactor, preferably 2 or nore, followed by - at |east one distillation

colum. Connected in fluid-conducting formneans in the present context

t hat gases,

| iquids and gas-liquid m xtures or other free-flow ng

subst ances can be conducted. In connection with the individual enbodi nents
of the purification solid, reference isynade to the renmarks above.

lower region of the distillation c¢olumn, which isg
formed at most by the lower half of the column volume.
A circular motion includes all circle-like motions
which are suitable to those skilled in the art and
describe the flow of the vapour stream as it is fed in.
For instance, the vapour stream can be fed in at the
walls of the distillation column in circular motions,
which may also have the shape of a spiral or of a
helix. This méthod of feeding-in allows a deposition of
the liguid constituents entrained in the vapour stream
from the gaseoug constituents to be achieved. The
ligquid constituents removed from the wvapour stream can
be recycled at least partly back into the reactor.

It is also preferred in accordance with the invention
that the wvapour stream passes through a separator
upstream of or in the distillation column. Useful
apparatus hefe is all separation apparatus which 1is
known to those skilled in the art and appears to be
suitable, egspecially bulk separators. Particular
preference is given to cyclone separators, which are
also referred to as centrifugal force separators, in
order to achieve the sgeparation of the liquid- and gas-
comprising VAPOUIrs into liguid and gaseous
congtituents, the gaseous constituents being fed
thereafter to the distillation which, as described
above, 1s preferably  performed as an azeotropic

distillation.

The invention further relates to an apparatus for

preparing alkyl methacrylates, comprising, connected to

one another in fluid-conducting form:

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

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

- a plant element for preparing alkyl methacrylate,



In connection with the parts of the inventive apparatus, reference is nmade
to the remarks in this text. In another enbodi nent of the inventive
process, this process is effected in an inventive apparatus. The invention
noreover relates to a process for preparing polyners based at |east partly
on al kyl methacryl ates, conprising the steps of: v. preparing an al kyl

nmet hacryl ate by a process according to one of Cains 1 to 10 and 16; vi.
pol ymeri zing the al kyl nmethacrylate and optionally a ccnononer; vii.

wor ki ng up the al kyl nethacrylate. Usefgl_conononers include all of those
whi ch are known to those skilled in the art and appear to be suitable,
parti cul ar preferemmﬁidmﬂlng ngE@w@mlﬁree radi cally pol ynerizabl e nononers.

Among these, mentigon gﬁgg:ln Aartigul of st¥ gne, VI
acryl ate or acrylonlt ne%%y acrylate o§ ﬁylgécry ate. af&§
Pol yneri zati on can® ﬁﬁ?ﬁﬂéFﬁed as a sol ution, bead
the plant element for preparing alkyl- methacrylate
comprising
-- at least one reactor, preferably 2 or more,

followed by

-- at least one distillation column.

Connected in fluid-conducting form means in the present
context that gases, liquids and gas-liquid mixtures or
other free-flowing substances can be conducted. 1In
connection with the individual embodiments of the
purification solid, reference is made to the remarks

above.

In connection with the parts of the inventive
apparatus, reference ig made to the remarks in this
text. In another embodiment of the inventive process,

this process is effected in an inventive apparatus.

The invention moreover relates to a procegs for

preparing polymers based at least partly on alkyl

methacrylates, comprising the steps of: ‘

v. preparing an alkyl methacrylate by a process
according to one of Claims 1 to 10 and 16;

vi. polymerizing the alkyl methacrylate and optionally
a COmMOnOmEr ;

vii. working up the alkyl methacrylate.

Useful comonomere include all of those which are known
to those skilled in the art and appear to be suitable,
particular preference being given to free-radically
polymerizable monomers. Among these, mention should be
made in particular of styrene, butyl acrylateA or
acrylonitrile, methyl acrylate or ethyl acrylate.

Polymerization can be performed as a solution, bead,



--9 - emul sion or suspension polynerization, or else as a bulk

pol yneri zation. The polyner is worked up, for exanple, by precipitation of
t he sol vent-conprising polynmer in a nonsolvent for the polyner as a

preci pitant. For exanple, a polynmer conprising acetone as the solvent and
pol ymet hyl methacrylate is precipitated in a precipitant conposed of

met hanol and water, separated fromthe precipitant and dried. In addition,
the invention relates to the use of an ultrapure al kyl nethacryl ate
obt ai nabl e by the process according to $he invention in fibres, filns,
coatings, noul ding conpositions, noul dings, papernaking auxiliaries,|eather
auxi i ari es, f kootsiant srandidpetisdonade tymees zasipnef enr eell sxheakscal

products. In ggyktléglyﬁéQQFégyggtl(yﬁereﬁ ifﬁ%é()lglbﬁégkeél hggatggptings,

nmoul di ng conposi ti ons, I Ngs erfra auxi l i aries her
auxiliaries, FF%@Ehﬁanﬁﬁ’aHHEBFP+W@§ﬁf9ad8?t| & £0lyeafsFPRERT LR cal
products mhicboayﬂebaseﬂ oa a facelrehbaceEpki c tést epcdlimairnallse by t he

process accor e iV var, c ggg | ant
parts wll ??Lé%agﬁtked %erfggling@tleer’ \M% ﬁ’ﬂ%gn%ﬁﬂl 9%ngnéI % Gg(3orrb| ned
with the pr eséﬁt ithrent FBRVERdi vradal |1G;P3d1xn65§yan é?%té'lfﬁﬂréfléf:etv\ol%r nore of
t he process ebea@ﬂ@ftdﬁ&ﬂhﬂﬂeﬂ pldrisdf@neasespotéd nay hethshwaintageous when

the process eheept s.aresented whibD the.presant Aoz ae conbi ned i th

the present i nventi on such that the nblned overall to give a process
for preparing esters of nethacrylic acid or a process for preparing
met hacryl i ¢ athdaddawese|, the shewhdiahsadlatpei niedtiout ubbatbbfadwant ageous

effects can u n ; i le e present
i nvention as 23@%%gs usedgﬁh anggﬁﬁ§1%@g g§1% y Cd%blnedér&%$§£0n9
the process efer®flindriesdmedinventgon -m fibres,” films, coatings,

moulding compogitions, mouldings, papermaking
auxiliaries, leather auxiliaries, flocculants and

bottom additives as preferred chemical products.

In addition, the invention relates to fibres, filmg,
coatings, moulding compositions, mouldings, papermaking
auxiliaries, leather auxiliaries, flocculants and
drilling additives as preferred chemical products which
are based on a pure methacrylic ester obtainable by the

process according to the invention.

Various procegg elements ‘and plant parté -will Dbe
illustrated hereinafter, which can in principle be
combined with the present invention individually or as
an ensemble of two or more of the process elements
mentioned. In some cases, 1t 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 arprocess for preparing
esters of methacrylic acid or a process for preparing
methacrylic acid. However, it should alsoc be pointed
out that advantageous effects can wusually also be
achieved when the subject matter of the present
invention as such is used in another field or only

combined with some of the process elements presented



here. Preparation of acetone cyanohydrin In this process el enent,

cyanohydrin is prepared by commonly known processes (see,

acet one

for exanple,

U | mann's Enzykl oparlie der technischen Chem e, 4th Edition, Volunme 7).
the reactants used are acetone and hydrocyani c acid. The

Frequently,

reaction is an exotherm creaction. Inorder tocounteract deconposi
the acetone cyanohydrin formed in this reaction, the heat of react
typically renoved by a suitabl e apparatus. The reaction can be con

principle as a batch process or as a canti-nuous process;

process is preferred, the reaction is frequently perforned in whic
fitted out appeopriately.

Preparation of acetone cyanochydrin

In this ©process element, acetone cyanohydrin is
prepared by commonly known processes {(see, for example,
Ullmann’'s Enzyklopddie der technischen Chemie, 4th
Edition, Volume 7). Frequently, the reactants used are
acetone and hydrocyanic acid. The reaction i1g an
exothermic reaction. In order to  counteract
decompogition of the acetone cyanchydrin formed in this
reaction, the heat of reaction is typically removed by
a suitable apparatus, The reaction can be conducted in
principle as a batch process or as a continuous
process; when a continuous process is preferred, the
reaction is frequently performed in a loop reactor
which is fitted out appropriately.

A main feature of a method leading to the desired
product in high vields is often that the reaction
product isg cooled at sufficient reaction time and the
reaction equiiibrium is shifted in the direction of the
reaction product. In addition, the reaction product is
frequently admixed with an appropriate stabilizer to
the advantage of the overall yield, in order to prevent
decomposition in the course of the later workup to give

the starting materials.

The wixing of the acetone and hydrocy&nic acid
reactants can in principle be effected in essentially
any. way. The method of mixing depends in particular on
whether a batchwige mode, for example in a batch
reactor, or a continuous mode, for example in a loop

reactor, 1s selected.

In principle, it may be advantagecus when the acetone

is fed into the reaction via a reservoir vessel which

tion of
ion is
duct ed

his

in

when a conti nuous




+a loop reactor A main product product feature of a method leading to the
- desired in high yields is often that the reaction is cooled at sufficient
.reaction tine and the reaction equilibriumis shifted in the direction of
-the reaction product. In addition, the reaction product is frequently

adm xed with an appropriate stabilizer to the advantage of the overal
yield, in order to prevent deconposition in the course of the |ater workur
to give the starting materials. The m xing of the acetone and hydrocyanic
acid-reactants can in principle be effecied in essentially any way. The
nmet hod of m xi ng depends in particular on whether a batchw se node, for
exanpl e in a Hetscla seavbbey ovowar corntingudimedevhich @anplewkhsta | oop

reactor, is seligCt-@dtaining acetone and hydrocyanic acid can thus be
conducted, for example, through this reservoir vessel.
In the scrubbing tower which is attached to the
reservoir vessel, the waste air escaping from the
reservoir vessel can be scrubbed with acetone, which
removesg hydrocyanic acid from the waste air and
recycleg 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 regervoir
vegsel. In thisg context, it ;s possible for each of the
two or more reservoir vessels to bear a corresponding
scrubbing tower. However, it dis in many cases
sufficient when only one of the reservoir vessels is
equipped with a corresponding scrubbing tower. In this
cage, it is, however, often advisable for c¢corresponding
lines which conduct waste air and can transport acetone
and hydrocyanic acid to be conducted through this
vessel or thrbugh this scrubbing tower.

The temperature of the acetone in the reservoir may in
principle be within an essentially arbitrary range,
provided that the acetone is in the liguid state at the
.appropriate temperature. The temperature in  the
reservoir vessel is advantageously, however, about 0 to
about 20°C,

In the scrubbing tower, the acetone used for scrubbing
ig cooled by means of an appropriate cooler, for

example by means of a plate cooler, with brine to a



i has a scrubber tower. Venting |ines which conduct waste air containing

. acetone and hydrocyani ¢ acid can thus be conducted, for exanple, through
~this reservoir vessel. In the scrubbing tower which is attached to the
“reservoir vessel, the waste air escaping fromthe reservoir vessel can be
scrubbed with acetone, which renoves hydrocyanic acid fromthe waste air
and recycles it into the process. For this purpose, for exanple, sone of

t he ambunt of acetone introduced fromthe reservoir vessel into the
reaction is conducted in the part-streamthrough a cooler, preferably
through a brine cooler, into the top of the scrubbing tower and the desired
result is thusecapkravede obDepbnding awo tdieusi z@caf (e armetaelrend
products to besprogucedecdde mey hecagvankagsegys Lo faad.d heapcet oge to the

reaction frompore than just one reservolir vesse context, it is
possi bl e for ERERSEPTEhEEREXBP I Hor & FesEFVE e vedkets 2o Heapbgut
correspondi ngéscr.ubbi ng tower. However, it is in many cases sufficient when
only one of the reservoir vessels is equipped with a correspondi ng
scrubbing tower. In this case, it is, however, often advisable for

cor r espondi ng TPEN&YWRFEANEBNAGAE westé rafir i@nd-heanr¢aehispor eamckeone and
hydr ocyani ¢ adndrboubel canductetk t beaugbrt Riisheessel eighbsough this
scrubbing to eratur f e e int eservoi.r._my in
principle bemﬁﬁfﬁgﬁgaﬁgggéeﬁgigﬁgg é%%ﬁt?%%%ﬁgand%? %ﬁﬁéﬁd Stﬁg?mthe
acetone is i ntPReBY} REW TS AEORhELQPARBPIESae PEEAPRF at ure. The
tenperature in the reservoir vessel is advantageously, however, about O to

about 20C. - at . Qf ut o_ab 10C, The t rature of
t he acetone on %ng?§§?ﬁ§% fﬁ%gégfugggﬂg %%%e?x?ﬁg%%brg o%@ qugggably, for
exanpl e, abouf®? E¥RPEHGutLBEheTREehpdr 8y apPEcREiab s capdiliag buinfe reaction

can be introdogeteadt of t hegli€AdDrhriddiganip laicgdl dcokih§ gasgoyssform It
may, for exa , .he e t he B rocess or. fromthe,Andrussow
process. Thenﬁégrggeﬁﬁ%ggnige c%#é%%%ﬁ” e&hg} s b 1T &2 5P exanpl e
by the use of C3hlaHprEFRi HaB ool pRgEDHr iSREULPIBY ead thf PItRT i edre

hydrocyani ¢ astghbieaki BgneYRNo@eBy CaR beowsaskcureknexame, abydhagen
cyani de- cont aj Ni [ oven.gases, after. scrubbing with potash, are
scr ubbed con?#ﬁ%%%s%%ﬁkﬁgggunj%?cﬁ??%ﬁt Wi'th @@%tgﬁégah?%ht%bn?éyﬁs 10%
wat er, and t h2cfers i RrIPYEivie st dse ceyanshyadrtnisathbereasehed out in

the presence of a basisGccatatysyst n 40 +gaS §&& ubbingpEeluNMBs1GRARECt ed in

series. connected in series.

In a further embodiment, a gag mixture éomprising
hydrogen cyanide and inert gases, especially a crude
gas from the BMA process or from the Andrussow process,
can be reacted with acetone in the presence of a basic
catalyst and acetone cyanohydrin in a gas-liquid

reactor.

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



In a further enbodi nent, a gas m xture conprising hydrogen cyani de and

i nert gases, especially a crude gas fromthe BVA process or fromthe
Andrussow process, can be reacted with acetone in the presence of a basic
catal yst and acetone cyanohydrin in a gas-liquid reactor. In the process
described here, preference is given to using a BVMA crude gas or an
Andrussow crude gas. The gas m xture resulting fromthe abovenenti oned
customary processes for preparing hydrogen cyani de can be used as such or
after an acid scrubbing. The crude gas ifsream t he BMA process, in which
essentially hydrocyanic acid and hydrogen are formed from net hane and
amoni a, cont aPhsme yppEal K§. 22. 28 byheol kmewof HENruZio8% byovesume of 112,

2. 5% by V0|U”ﬁy@%o@%ﬁhlé—éd&pﬁnﬁph%ﬁ%rogr@afo%mZ%’@%om méBhand Ohige of CHA.
In the known Andrussow process,. hydrocyani c acjd water are fornmed from

met hane and aRWBRPE afB aPABSPRETT £ oRGHIF Tﬁ@ecFEHQegé@s & hERAndr ussow
process, whenAoRygesow spusetkas vien oxygesn soar cgedcad atims dypgeal |y 8% by

vol une of HCNsoggc/é byCéﬁPJé’iQ% Qf H%Qll%@%?v&%ﬁ%@%?“ﬁ&@ 45% fy vol une
of 112, 5% by vol une CO, Y% by vol une d 0.5% by vol'ime each

of CH4 and CCE®: W"enog G- a‘-‘é"i &= s@lyul%’é&m@r @deNgaslt? obY t Vel B PF ocess or
Andr ussow pr oEess5% soysetl urteheofarnnia 531 égentoliunet beé tHydengas. $% equently

acts as a catglysdi etara@l beagl Whg Bojce the ammoni a present in the crude
gas frequently” exceeds the amount requi fed as a catal yst and can therefore -

| ead to high | osses of sul phuric acid used for stabilization, such a crude
gas is often Budp e&tm-ta@:lainsaehdbsdruhbciimggaim farethe thieo BHA| picdaaé@s anmoni a

therefrom Wgp gﬂapuggoﬁ%goé&éybggd Gleude aﬁsagrﬁn&a%d phdsd:t LI

necessary, however, to ad suita Pasi c cat yst to the reactor in a
catal ytic anobnt. CFHBr 9761 plRETIERERY 13T515yatt ¢ 2orcadrdaitc tRssi e onpounds
may function asattieorcatedyst . thydaogenisyanedent nigasgeuscordd ngas qui d

form or a gas:ghadding CoiUdsl nendydhogen cuanideq and aostonesgre fod

continually to op.reactor |n e contl nuo t he
| oop react or %‘bﬁ?‘r‘p?ﬁ‘%ésh%teﬁoé&stleéﬁetﬁe%%%h ofCFEEdiHg S&&@PBHE\C o*°t%o or nore
such neans, amséceafbronetmn'szaftdronf,eedﬁ@ﬂg ld qurdder @msedds dFekocyani c

id, t t f
acid, or two cat ;\f&' Qﬁa%%uda%%x%ﬁomlﬁglse gnr!%d%‘?ﬁ «?I Qi hegding a

catal yst. Sui ta sts are in princ ne conpounds, such
as anmoni a, s%}"&l?‘t’,ﬁﬁ% ﬁifaémsowlﬂ?ﬁlo%u%ﬁ Potasis ﬁrﬁrﬁi?éiaéxi:ﬁ‘éd%oﬂi%ﬁl on,
whi ch can cat ysaseﬁhe ieactd onheh asedianm8nNd hydeveyanice astd t® give

acetone Cyano@t}/q{a{ﬂe 'ﬁ%\vﬁverCaﬂatlﬁ%s t%l St%ebef&gtool"_’ndirg O catalytic
amount. In principle, known inorganic or organic basic

compounds may function as the catalyst.

Hydrogeh cyanide in gaseous or in liguid form, or a gas
mixture comprising hydrogen cyanide, and acetone are
fed continually to a loop reactor in the continuous
mode., In this case, the loop reactor comprises at least
one means of feeding acetone or two or more such means,
at least one means for feeding 1liquid or gaseous
hydrocyanic acid, or two or more such means, and at

least one means for feeding a catalyst.

Suitable catalysts are in principle any alkaline
compounds, such asg ammonia, sodium hydroxide golution
or potassium hydroxide golution, which can catalyse the
reaction of acetone and hydrocyanic acid to give

acetone cyanohydrin: However, it has also been found to



- 14 - be advantageous when the catal yst used is an organic catal yst,
especially an am ne. Suitable exanples are secondary or tertiary am nes
such as di ethyl am ne, dipropylamne, triethylamne, tri-n-propylam ne and
the like. A loop reactor useable in the process el ement described further
conprises at |east one punp, or two or nore punps, and at |east one m xing
apparatus, or two or nore such m xi ng apparatuses. Suitable punps are in
principle all punps which are suitable for ensuring the circulation of the
reaction mxture in the | oop reactor .- Huitable m xi ng apparatuses are both
m Xi ng apparatuses with nobile elenents and so-called static mxers in

whi ch i mmobi |lee f hdwanesjstanceserar eher outdegst | nseheicase ofrgmeof static

m xers, suitable,gxanpl £s,a1:6 115058, Waih¢he al lQw:an; opesatbenal diansfer of
at Ieast abouf 10 bar, for exanpl e at | east about 15 har or.  at, | east about

20 bar under THREHATg E’Bnd???‘iirf’s‘f}w EROBES si YT i @Ent SFRERFIAHNhs in the
functioni ng. dpraprlisatieem xet stirghanciorsi strich-plasgianiore netdaltheSui t abl e
plastics are,, fyor exanple, PVC, PP, HDPE, PVDF, PVA or PTFE. Metal mi xers
may consi st, ]for exarrpl e, of nickel alloys, zirconium titaniumand the

| i ke. Likew se suitable are, for exanple, rectangular m xers. The catal yst

i s added in theldmppeseactouspaelerablyhepmsesearnl ehethedpumpiland upstream

Of & MLXiNg NG, PLERENLJN 1e1L00P LRACHA, | Nd hewp cBel Ly glescr i bed.

catal ysts are for "exanple, in such t he overa
reaction i s CUHtRCt PGt 25 &IE}%“F B b hafPB2r 3 Spar PF chlar %t nor e

t han about 7.dowy @abuniXingtapmyrdrespeef erred when the pH in the reaction
- 15 - varies within a range of about 6.5 to about 7.5, for exanple about

6.8 to about 7.2. , S _
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 sgo-called static mixers in
which immobile flow resistances are provided. In the
case of use of static mixers, suitable examples are
those which allow an operational transfer of at least
about 10 bar, for example at least about 15 bar or at
least about 20 bar under operating conditions without
significant restrictions in the functioning.
Appropriate mixers may consist Aof plastic or metal.
Suitable plastics are, for example, PVC, PP; HDPE,
PVDF, PVA or PIFE. Metal mixers may consist, for
example, of nickel alloys, zirconium, titanium and the
like. Likewise suitable are, for example, rectangular

mixers.

The Catalyst ig added in the loop reactor preferably
downstream of the pump and upstream of a mixing element
present in the loop reactor. In the reaction described,
catalysts are used, for example, in such an amount that
the overall reaction 1is conducted at a pH of not wmore
than 8, in particular not more than about 7.5 or about
7. It may be preferred when the pH in the reaction



Alternatively to the addition of the catalyst into the | oop reactor
downstream of the punp and upstream of a m xing apparatus, it is also

possi ble in the process described to feed the catalyst into the | oop
reactor together with the acetone. In such a case, it may be advant ageous
when appropriate m xing of acetone and catalyst is ensured before feeding
into the | oop reactor. Appropriate m xing can be effected, for exanple, by
“the use of a mxer with noving parts or by use of a static mxer. Wen a
continuous process in a |loop reactor -i g5sel ected as the operating node in
the process described, it may be appropriate to exam ne the state of the
reacti on mi xtvaeiey wvhshantaneeuseorfcebbithugl. Sarnal yesit Thiss ofdrers the
advant age t habxaMhes @1 2RRr @PBI 8b€apdidr IS 28l So possible to react rapidly to
changes in state in the reaction. mxture. Furthernore, it is thus

possi ble, for exanple, to nmeter in the reactants very precisely in order to
m ni m ze yi el 3ltogsEsivelyr tes pdwrdiaddianahyst stbancheakfftectreshy dfhar exanpl e,

by sanpling if,the-£8ac30rad 2R oS to%blt%eafpd RIS AT & fOr
exanpl e, pH neasurenent, neasurenent of the exQthermicity or measur ement of

t he conp05|tl%hﬁtﬁgt?@P?Q%ﬁHﬁwwﬁﬁ1k?u@ésﬁy99&@955Fe1§pédﬁtd§ﬁﬁﬁ%§
processes. Espestmided wi¢ hEeedheheornbexrliysf donvertsieorlqupnitesd g, quality-
aspects and sgf %eﬂ tyhas beenfound t rpe Hél?f'a“ Cragede er i,

conver si on |n reaction mxture via,t eat renoved from the reactlon
mxture and t® Wé’%t Wreh eﬁ@rﬂ@%&ta%. AH*89r beadbftPRROrAE G cal ly. -
16 - In the caseElwft suist abheused echeiireof fideeihgopineactidis tlhwepactual
reaction can LoL Qi phe be-eLLeCt AL N Bak Nl Ube: fySIRME ard.anged

within the | oo react |nce t e react owever, Is exothermc, in
order to avoi s§ esUFEi OfeAt TABEEI HHEANROEIAY iRAER Ferval of the
heat of reactmamcﬂh@ubdabecemstEd It has frequently been found to be
advant ageous when the reaction proceeds within a heat exchanger, preferably
within a tube bundl e heat exchanger. Depending on the anount of product to
be produced, THE GFeOtLPUsHS aRTEPHTOPIT &t & Weat ceRERENYRr ST sel ect ed
differently. Forthendystratdhgs eabe ﬁnoeassgsecheatdewchﬂﬂgnraxhaw@ng a

vol ume of abguyt 1 fg%?g [, particu a n Hﬂ? 0 be
particularly SUItgg% The g %%: g he%t %ggfgnégrgsﬁseg tr1preference
~are heat excHaitars mCﬁnﬁ*a@etanﬁt%se BN A tEPBRe d A RrEEEH - by Hisqui d
within a jacksifdrdsoneitlt hsoagbhaby Iuhqw d widaRendbpgopri ddee t ube id aneter,

packi ng dens'stlysa ?oqﬁs’lb Qe t.%eﬂle crta ?fett\éee&llaltng%s L lslt%lél dS Can be

adj ust ed appropri (S OSSIb| rnci rocess
descri bed totdﬁhdd@Ftﬂﬁé Wéﬁ%@¥%n E%fﬁhﬂ?m@ﬁ?ecﬂtthatth%% QQﬁﬁﬂhlﬁw m xt ure

i s conduct ed fdw w@tmme heatmeveahangethd Nréder dithe dundl grddisplify and the

reaction tak S p‘tQiﬁkth%atUb bdndle t he heat being renoved from
the tube bunc e |n Re" 4Kt MiGaid "CEB®ver, it has |ikew se been found

to be practicable- and in many cases to be V|able to conduct the reaction

m xture thr Ottgﬁrte@@ohad@ta@atl sh.ﬁs tt%at RXchzagetq V\@dﬂ:eezgaht%llé Jawd used for
cooling is circul.ated,w

e bun ases been
found to be éﬁwgﬂﬁaaedﬂsEQﬁ ﬁe?$ﬁ9§ (ﬂﬁ o%hﬁF?#EFeaP§i¥ﬁ ?ﬁhQQf Wi t hin
t he jacket bwlweaHQNofet$mwl¢espEtaﬁeegrepeeterwbbyudemémmtDﬁgtnkates, to

achi eve a hi %th%@%ttg?.%;eo{”i RBagneehald &= Mpd "Somposition of the

reaction mixture by suitable spectroscopic processes.

' Especially within the context of conversion monitoring,

quality aspects and safety, it has been found to be
useful to determine the conversion in the reaction
mixture via the heat removed from the reaction mixture
and to compare it with the heat which 1s released
theoretically.



The ratio of jacket volune to the volune of the tube bundl e may, depending
on the design of the reactor, be about 10:1 to about 1:10; the vol une of
the jacket is preferably greater than the volunme of the tube bundl e (based
on the contents of the tubes). The heat renoval fromthe reactor is
adjusted with an appropriate coolant, for exanple with water, such that the
reaction tenperature is within a corridor of about 25 to about 45C; in
particul ar about 30 to about 38C, in particular about 33 to about 35C. A
product is renoved continuously fromtRhe Loop reactor. The product has a
tenperature within the abovenentioned reaction tenperatures, for exanple a
t enper at ure ofnabbet c85C. of heupraductsdleceaoheds byhaeansp ofefe:0r nore

heat exchangefg. £spegi a_tlela)é_tggnng%qsiﬁﬁgp%)ﬂpci%rler’r%réee@%g{:ﬁegeﬁﬁﬁxchangers.

For exanple, brine cooling is use enperature o e pro ict after
cool i ng shoul B2®e h6ut S RYA0BT TRRIPAr tHichEEr 1be o le9But TSEEEMNhe product
i s preferabl ystnansfler regcitiba, ahskorage Messelhehingd, has a-duif frey

function. |n 2ddidigne hhe drpdughckn. 1he. stonage, vesse! .gam be. gool ed
further, for exanpl.e, El)y const'an %%/ renpving a pa?t-s?tream Fom the st or age
vessel to a stftaftle NHeathexktrhgek  reaet mnphelid ke piraweseatItexchanger,

or kept at a Isastabbeueattivadeedrenpaiat WE. bd t ad-saediddRlsy Wwpessidde t hat
continued reagtian gca I j.n the,_stor vessel . The praduct can be
recycled into % %Es%%o%é%%\}%g%sg‘fﬁﬁﬂnﬁa% r\/1\/‘%‘J§;L/ti %gg???%%w e‘]?r?—%\"/\lg"’bb , 1t has
been found to¥betiddvant @ obidndte shert ceseandrat- tdrragmdddacten $heecycl ed by

neans of a syst@micomposesdwic one Be MRLEUREEZ| €hel RERatheySHEr age vessel
torage vessdtoriistd BeEL gl X B e AT T T the |
storage vesseloF myusteiabi IScPdei provesses. Ihet peodirngdns dwniad there
with a suitahd evelbing doraexanploe oy tdbdd2S@b. mThis geacidvialresidhe catal yst
oo, oo st e ARG 90 pcpute prtlon . hont sl o

heat exchangers used with preference are heat

exchangers which have a tube bundle flowed through by

liguid within a Jjacket flowed through by liguid.

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

the heat transfer between the two liguids can be

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

the heat exchanger in the tube bundle itself and the

reaction takes place within the tube bundle, the heat

being removed from the tube bundle into the jacket

ligquid.

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



exanpl e sul phuric to about 105% in H2 SO4. The stabilized product is

w thdrawn fromthe stabilization vessel and transferred into the
purification stage. A portion of the stabilized product w thdrawn can be
recycled, for exanple, into the stabilization vessel such that sufficient
m xi ng of the vessel is ensured by neans of a system conposed of one or
nore nozzles. ACMworkup In a further process el enent which can be used in
connection with the present invention, acetone cyanohydrin which has been
obtained in a preceding stage, for exanple fromthe reaction of acetone

wi th hydrocyanic acid, is subjected to a distillative workup. The
stabilized crude aeetonefcﬁan@bydwbﬂums feoeetheofvdlawebeifl ittg: coumsd i tuent s

by means of abﬁﬂaigsrﬁ%pd'df@p&ﬁfﬁ@fo B R0k &, dbet LhL AL QLA 0G6ES can be
conducted, for_exa means "o one col um wever, it 1s
|i kewi se possPBPBE Lf: %nt%pﬁP%%?lét%opugﬁ?lYQ&W%ﬁ1Qﬁ e der desdt obre

cyanohydrin, ppefiseakslcofddtatd athepf 4h80 WFlumey eofdid | 1hddd opuediaims, al so
combi ned mnth (Ba ;éﬁ|éﬂmkﬁl| ?¥39§r5§(yhe tgbgggltlon two or nore

falling- f|In1evaporators or e nmore distillation colums may be
conbi ned with one another. - 19 - The crude acetone cyanohydrin cones from
t he storage tvh&hiedt sktehdbadl ofrgeneral fyaaidh ﬁtﬁmﬁt&wr@m apout O to

about 15C a at yr rinciple,
t he crude acet%ﬁe cyéﬁb ‘§$ﬁ%%%én% g %%?agguceg %lred$$y %ﬁ E%égcolunn
However, it hE%ebé%%P?%ﬂﬂuF%WFQ§§tﬁ§éfBF Whtgb%eacﬁéé§l@9ﬁﬁpﬁrﬁbQ#mde co0
acet one cyanohydtds nebdiy: nEsans ah gahE£éuﬁ%£hﬁﬁg@r3oft6$&b&@$e§80@,SOHE of

t he heat of t{ﬁ;égég%gﬁ}dglggggg de%sc ngyB Létl||atlon Therefore, in a

further enbodi hé process eré, the crude acetone
cyanohydrin is heated by neans of a heat exchanger to a tenperature of
about 60 to 8AC. product is removed continuously from the loop

reactor. The product has a temperature within the
abovementioned reaction temperatures, for example a
temperature of about 35°C. The product is cooled by
means o©f one or more heat exchangers, especially by
means ©f 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
vessel can be cooled further, for example, by
constantly removing a part-stream from the storage
vessel to a suitable heat exchanger, for example to a
plate heat exchanger, or kept at a suitable storage
temperature. It 1is entirely possible that continued

reaction can take place in the storage vessgel.

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

vessgel.



The acetone cyanohydrin is purified by distillation by neans of a
distillation colum, preferably having nore than 10 trays, or by neans of a
battery of two or nore corresponding suitable distillation colums. The
colum bottomis heated preferably with steam It has been found to be
advant ageous when the bottom tenperature does not exceed a tenperature of
140C;, good yields and good purification have been achi eved when the bottom
tenperature is not greater than about 130C or not higher than about 110C.
The tenperature data are based on the wal I. tenperature of the col um
bottom The crude acetone cyanohydrin is fed to the colum body in the
upper third of the colum. The distillation is perfornmed preferably under
reduced press efer e u a 0 nbar,
in particular ngglﬁ& S,E)St %%éo%%m%%g&n%%%gﬁg‘gmﬂqﬁ fg%%g 1?13%“ ?§£% ‘%ween 50
to about 150 WB&EFSLAtiNIe fopsioridhéagdPimiesfdeou’ts npdrrtrEs, 1special |y
acetone and hydnogyantBefsi Githr & rammede t8 d,enmne degagaelswstpst ances
are cool ed byummans f; ong heal, sxchanger ot .8, bat Lery ofs [ug, opfor e heat
- 20 - exchang&rs. Preference Ts giveh here 6" uisi ng bri e cool i nNg with a

t enrper at ur e ofeapbiRn OMEBteBRUECLIGC. PHhr§ gitpes thetgasbsus consi®tuents of
the vapours tBeroppardtinkbyut 02condengeavibe ddiksti£ondepaationlst age may
take place, 1oL, eXQpl e, 2k Standard pressure., touevel ql blg gaual |y
possi bl e and has™been found’'to be advantageo I'n Sone” Cases en this
first condens&pibenit age dbeusf Xt b @REBE rédGced preaBurdilasr edfrabl y at
t he pressure whbeh of emidppuknotbendgtillati on. The condensate is passed
on into a cooled collecting vessel and coll ected there at a tenperature of
about 0 to about 15C, in particular at about 5 to about 10C. The gaseous
conpounds whi Ehedo #fotbiddagensertedudie filest ¢bwedrayat i oArskbep BEe renoved
fromthe redugeghpressiile chagbeeiby agans ©farsfeaedm puAPe | Ncpsi nci pl e,
any vacuum pugp, eanRe ised er e, Houever . o4 tonas. been foynd Lo.fe
advant ageous Fh nany cases t0 use BPvattun unp wWhi-ch, “6Wi nﬁ £3°7ts desi gn,
does not | eadwidhdda ntdegdudei offeeycledui dgqmp@ﬁm@li niBte hetlyRis stream
Preference isstiiel Bf &8 B WRRsBEr Buch Of heX N fB.citURE RInGr §f I tidi ng
vacuum punps._The pas_ strgearg %Ch escapes on %ngprcg%sgéee sige r?é t he punp
“i's conducted TRFOUGh 3 THFTHSr Hedt>o&XcManGer YWhreh SPEPBTEF e7ab?y® cool ed
with brine aton nerpermzles.of about 0 to about 15C. Constituents which
condense here are likew se collected in the collecting vessel which already
collects the g‘]den at es obt ai ned under vacuum conditions. The condensation
performed on é‘ge—”é‘?r—rg%‘&re side of the vacuum punp can be effected, for
exanpl e, by a heat exchanger, but also with a battery of two or nore heat
exchangers arfangede|P8&F I @3ckBsRar&ldRlnt GRSEOUS substangesar epgi ni ng
after this condensatjion step are renoved and sent to ,any further
utilization, FOF &P e glE]ﬁer nele ut PEEFSRFon, 1IVenfLon,  acetone

cyanohydrin which has been obtained in a  preceding
stage, for example from the reaction of acetone with
hydrocyanic acid, 1s subjected to a distillative -
workup. The stabilized c¢rude acetone cyanohydrin is
freed of 1low-boiling constituents by means of a
corresponding column. A suitable distillation process
can be conducted, for example, Dby means of only one
column. However, it 1is likewise possible, in an
appropriate purification of crude acetone cyanohydrin,
to use a combination of two or more distillation
columng, also combined with a falling-—film evaporator,
In addition, two or more falling-film evaporators ox
else two or more distillation columns may be combined

with one another.



The coll ected concentrates may |ikewi se be utilized further as desired.

" However, for econom c reasons, it has been found to be extrenely

advant ageous to recycle the condensates into the reaction for preparing
acetone cyanohydrin. This is effected preferably at one or nore points
whi ch enabl e access to the | oop reactor. The condensates nmay in principle
have any conposition provided that they do not disrupt the preparation of
t he acetone cyanohydrin. In nmany cases, a predom nant anount of the
condensate will, however, consist of acetane and hydrocyanic acid, for
exanple in a nolar ratio of about 2:1 to about 1:2, frequently in a ratio
of about 1:1. The acetone cyanohydrin obtained fromthe bottom of the

distillation u ! i C t re. aof 40_1 o about
80C by the coﬁggc?g%%§a%%é§§%§ g@%ﬁ%ﬁ%@f?ﬁ féﬁ?%f?ﬁ?? &ggnggggg%?f?ést heat
exchanger. Sub8&qdéftiylatinn Rutennd Loy Mishy dr iteTPsraberedof oahotenper at ur e

of about 30 to akoutbodbCilycnedns ekafbpléeastemperdtutdest h@atuexshanger
o ona  Eeo ABle ] ML EE ! Ak s MIVARL | OBl D BLLuL! NELCPEOgESS

el ement as frequent providéd in the prepafati on of "me acfyFre"acid or of
esters of net REBRGPYEr HEithn &cetionecdyandhddrsdt v isgpj ébeedot wna.

hydrol ysis. Atiodetéerent hesppeat UFeuhdvedsvaf heeral sefi ssmdf cagagti ons,

this forns me r ] S e uct . ction. is brought about in
a manner knom%ﬂgg gh%2%9§%$1?%éFi%géﬁégeafpgg§hggggét?? n" %ﬁ%wé%la
concentrated S8fpharerlerastt didcacdipbse epaAshgdpEnthahberteaefirei s

exot hernic, whbréelusbaabrddipt gieatiell by 2@2stiTRAGHnQN Theradyadf ageously
emoved from £he, syl em, Mg eacLEon Dere 100, canagaln pe performed in a
n he tter has

bat chwi se process” or I n” conti NnUous processes. a bee® found to
be advant ageofisU{f HegfoRsERRONERinhasr kaatednby smpend ovhed heek

conti nuous pregessngdhedise tehpkogpureast asulagobesnsdaund to be useful.
The reaction can be effected, for exanple, in only one | oop reactor.
However, it may be advant ageous when the reaction is perforned in a battery
of two or nor&Rfodpererrt@rapohydrin is purified by distillation by

means of a distillation column, preferably having more
than 10 trays, or by means of a battery of two or more
corresponding suitable distillation columns. The column
bottom is heated preferably with sgteam. 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 is not greater than about 130°C or not
higher than about 110°C. The temperature data are based
on the wall temperature of the column bottom. '

The crude acetone cyanohydrin is fed to the column body
in the upper third of the column. The distillation is
performed preferably under reduced pressure, preferably
gt a pressure of about 50 to about 900 mbar, in
particular about 50 to about 250 mbar and with good
results between 50 to about 150 mbar. '

At  the top of the c¢olumn, gaseous impurities,
especially acetone and hydrocyanic acid, are removed,
the removed gaseous substances are cooled by means of
one heat exchanger or a battery of two or more heat



In the process described, a suitable | oop reactor has one or nore feed
points for acetone cyanohydrin, one or nore feed points for concentrated
sul phuric acid, one or nore gas separators, one or nore heat exchangers and
one or nore mxers, and often a punp as a conveying neans. The hydrolysis
of acetone cyanohydrin with sul phuric acid to give nethacrylamde is, as

al ready described, exotherm c. The heat of reaction which arises in the
reaction nust, however, at least largely be withdrawn fromthe system
since the yield falls with increasing.tggmperature in the reaction. It is
possible in principle to achieve a rapid and conprehensive renoval of the
heat of reactiesehanhgbrapprepteatachedtz exthangrese Hewewveing | brimy al so be
di sadvant ageousoh 9,600 b MALNLE00 Qeealiye § NE8 Gpsilfhgtent heat
transfer is required for appropriate exchange at the heal exchangérs. Since
t he vi scosityTofst HéVAFxEheeIRPRRES gPeatiAFuRNER PAl theg VeBAPES athre, the
circul ation ippapdcthect| ow hhadgBet hehkodp reeatdcdtiehsat idst k¥age

conpl i cated, gad subfd clent.r empyal ofythe react Lon eneroy tromlihe system
can secondly no“l onger bé énSured. - 23S v addftion, e&xcessively |ow

t enper at ur es PAYEHRTr ekt P6n eAMRL LY ePeEAIP RIS hagrhsenl foundiba of
constitueﬂtshaé thﬁw@ﬂ?agb@ﬁsni&hurgxab ;hﬁﬁﬂﬁﬁt @m%hangﬁi§idfmggtfurther
wor sens t he ,.:8S_a resu ich a clear .yie reduction can
be det ect ed. ?%B%%%I |%§§ ?é&? oop ?%%%q3¥16%ﬁ%%&lﬁﬁﬁg gr GEFGIER t he

opti mal amunPscéeralebict &t s, thsucPrerarrehevleidh cinsevipids t ha prbeess
suffers overablstinsneenod meateabatbei PrOcass oh RALL ANcopLefer ably
about two thlegilégtabout thﬁge qyar%g&gt ngnhe vo%une flowrate froma

5¢afi st I"B6p>FeaCtor. A

stream of acetone cjﬁﬁ%ﬁﬁﬁﬁﬁli%?lrﬁﬁo Uce 0 a
first | oop reaét8pPopkePerablpos16A€. oinnppret hewtarxzhaneetts, 5 obe or nore
punps, one or aBBhe Mxdng el enents and one or nore gas separators. The
circulation streans which pass through the first | oop reactor are
preferably in the range of about 50 to 650 nB/h, preferably in a range of
100 to 500 nBFheamdsfore preferablsy vhichr degenef abodends0ito 748 nB/h. In

an at | east oaerwrbbﬁﬂehé)@@ié:eagt@% whieC h-diivleawss Adie £1hd steh@OP4r eact or,
the circulatign streanskgégmfreferag%%ﬁﬁn a.range_of- about 40 to_650 nB/h,

Prefgure Iy 530 San&*mofe JPEEBPabPY™ n a’Pange of

preferably in a Tange of
about 60 to 3B8DimBIMLe MApmOVERsuUun ppefer ¢ael benpeedt bevedi Hbweeace over the

heat exchangeis hssabesh ohRd206, befi%&ikrﬁk!{:%e&ﬂ@fﬁﬁeﬂ&&}éb%é@s gityen to
about 2 to 7C._The acet one cyan hXﬂ{'n can in prlnﬁkgke e.fed into the

| oop reactor AtTany poiHt.P i OHES B8ert“Fo £8- bE°3AVARt ageous
when t he feedléadim otlae mixirepuwitdmentof fldguexdanplerinfes aimixethad t h

moving parts ?ésas%:@t&t&(? B flerefbedli & WRLLa b XedROLAL nelhe splphuric
acid is advan qgggusly fed. in ypstream of the acetdne cyanohydrin addition.

O herwi se, itSFEPHowePer S PEKEW SBIHHSY HesWd PEERSt he sul phuric acid
into the | oop reactor at any point. - 24 - o

The gas stream which escapes on the pressure sgide of
the pump is conducted through a further heat exchanger
which is preferably cooled with brine at a temperature
of about 0 to about 15°C. Constituents which condense
here are likewise collected in the collecting vessel
which already collects the condensates obtained under
vacuum conditions. The condengation performed on the
pressure side of the vacuum pump can be'effected, for
example, by a heat exchanger, but also with a battery
of two or more heat exchangers arranged in sgerieg in
parallel. Gaseous sgsubstances remaining after this
condensation step are removed and sent to any further

utilization, for example a thermal utilization.



The ratio of the reactants in the loop reactor is controlled such that an
excess of sulphuric acid is present. The excess of sul phuric acid is, based
on the nmolar ratio of the constituents, about 1.8:1 to about 3:1 in the
first loop reactor and about 1.3:1 to about 21 in the |last |oop reactor.

In sone cases, it has been found to be advantageous to performthe reaction
in the |oop reactor with such an excess of sul phuric acid. The sul phuric
acid nmay serve here, for exanple, as a solvent and keep the viscosity of
the reaction m xture | ow, which can engure a hi gher renoval of heat of
reaction and a | ower tenperature of the reaction mxture. This can entai
significant yield advantages. The tenperature in the reaction mxture is

about 90 to apout 120G . Jhe cla%@ten%gpggl sy enskLets by nane,or e heat
exchangers in_the loop reactor, It has been found tq be advantageous when

the heat exchiEfgdtsd M eles BHR ati¥SETsort ¥y sSTERIBC SFHRECHEl i nd t he
cool i ng per f dtaerissen rEqangercc deprevarinedycessauehyeqreato conhiaig of the
reaction m xtige Jo%eﬁq@stggogggn%@ dERORS: BOLoSYA | &yeddndmy be

advant ageous to neasure the heat transter i1n _the hea anger or in the
heat exchanget @ BHELBy PBift Ldretotishersterahdy tdt fuT ¥ ool i ng
performance ogfoirtes heliclexehabper acthersettm e sloap beadone, fore exanple,
via the cool allddaglls | hals mg;ééyn&%i W8vkO 8ED! exemaRproRL at e

i b

heating of the reaction m xture corr s%on Ing vartation of the addition
of the react #EX T Hirathetshefat POk G SHyPE RIfERAEZEEPBN.CTA
conbi nati on ofhd h&cdtunepossdrdaityidrias iTh atsy coanged,vabl preddeidsoap react or
shoul d addi “da%ﬁlnlfty pave. 'ceﬁagnggﬁ gﬁﬁlﬁe,paﬁl}&%&er,m‘éoﬁswpd S to
wi t hdraw pr oduc or ned_ cont i nuously ?rpmthe oop reactor via the gas
separat or. Arftdéme -aph bY@ Bgics AR t EO% ERAPREE t AR §ad¥¥ For med i n
t he reaction £4wIB tdie dieact i2an ecbanden: The, gésedoemEd iin nmirdyiacar bon
nonoxi de. Theo rodyct ;wit hdrawn fromthe |oop reactor is preferably
transferred into a second |oop reactor. In this second | oop reactor, the
reaction m xture conprising sul phuric acid and nethacryl am de, as has been
obt ai ned by tfe: reatbhencianthedfid sdbt0e@pd €aehorhei Boteacted wiid h t he
remai ni ng parjt.-st.r . e cy. ydrin. . n_thi cess of
sul phuric aci%l%rl&%%t@ gkf ?%%%&Polog fn{e]%(}t %O,Oﬂgéi g? egtsatgé%}r%ﬁl{)%e ﬁe excess
sul phuric aciabouteadPs i t IRboRé ag%f%né?chéﬁéhyﬂ?]ich CEPEr M Feirter
‘et hacryl ﬁm' deranbigapenf @éﬁaﬁﬁebsﬁ meB@sr 8ChI @irkd hult ObxERERydO0D )
reactors has e advant age .t hat wing to t phur i cess in the
first |oop reéal%r:}fs()erq,uetnggypur%gbiaf?%qcyon(?? The' T é‘(szftlilhon@gm é?ugée&la%é ha:nce t he
heat transfertemenaturmatcd] g ikl o apkorpppbiedby| meparn ofatal east one
m xi ng el ementeaatl drfastuem@rheadttexcianggeranddabpt easd1 BRes@RsecGepar at or
are arranged | thedse o?d | oop reactor. The reaction tenperature in the
second | oop r’ég:cetrﬁ}e &“Fikewi se about 90 to about 120C. The probl em of the
punpability of the reaction m xture, of heat transfer and of a m ni num
reaction temgf:aiuenoccurs in every further |oop reactor just as it does
inthe first.—Therefore, the second | oop reactor too advantageously has a
heat exchanger whose cool ing performance can be controlled by an
appropri at e sensorisydteemprocEse adetene epafichydennly spagaided ethin in a
surtable mxifg ebedRiilae MUl Sf Bl bR Ao SLaliC S XBF Qsealca gl | - xed
poi nt. The product IS V\/lt:h,ravm_ romthé separator, especially

methacrylic acid, acetone cyanohydrin is subjected 'to a

hydrolysis. At different temperature levels after a

series of reactions, this forms methacrylamide as the

product.

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



gas separator, of the second | oop reactor and heated to a tenperature of
about 130 to about 180C to conplete the reaction and to formthe

met hacryl am de. The heating is preferably perforned such that the nmaxi num
tenperature is attained only for a mninum period, for exanple for a tine
of about one mnute to about 30 mnutes, in particular for a tine of about
two to about eight or about three to about five mnutes. This can in
principle be effected in any apparatus for achieving such a tenperature for
such a short period. For exanple, the energy can be supplied in a

conventi onal manner by electrical ener or by steam However, it is

equal ly possijlelia,sUBPLY LS RGLAY Y IPanSOf, ShecLigpBgnetic
radi ati on, for exanpl e by neans o crowaves. In various cases, it has
been found to be advant ageous when the heating step is effected in a heat

exchanger wi tthd Wee&t@adsh Ohetl tisd agenardaangenesat pefrfouhedcoid s awhi ch may
preferably be, prgssnl |0.80.a1 | east, doul g, 0pRosi L e, AldAngemeL. This
0O a r (6] a

heats the reaction mxture fFapidly enperatu ( out 1 to 180C.
The heat excHatfer &am beceohdinkdo ks aEVaRPRESOW t P JHEYOICaMSFe gas

separators. hofereXxagphkeactioh SiPassifraetio i60ady6ht iMoULAGIRZBaN Xt Ure

through a gag,separator plter Ll leaves the firsf Lube coil, - hhe heat
exchanger. Thi's” can renove,” f'or exanple, gaseous conponents formed duri ng
t he reacti on Teomeagéipgacenohenekiariesd] tfon ey pgossBleong treat the

reaction m xtilyep Webltargagohepar At Df @iy Ebe | ddtadRpduie wheaoRthecoi | . It
may additi onarlela\étb%nf ogndegf? Prgec?dj\_/ané ageous 1o treat trh%'orr%a toi on m xture
with a gas separaﬁor b6t REafTer~T t*1 caves the frst t dbe “€orl “ang after it
| eaves the seE@fdotd@be coil. - 27 -

In the process described, a guitable loop reactor has
one or more feed points for acetone cyanchydrin, cne or
more feed points for concentrated sulphuric acid, one
or more gas Separators, one or more heat exchangers and
one or more mixers,~and often a pump as a conveyiﬁg

means.

The hydrolysis of acetone cyanohydrin with sulphuric
acid to give methacrylamide is, as already described,
exothermic. The heat of reaction which arises in the
reaction must, however, at least largely be_withdrawn :
from the system, since the yield falls with increasing
temperature in the reaction. It is possible in
principle to achieve a rapid and comprehensive removal
of the heat of reaction With appropriate heat
exchangers. However, it may also be disadvantageous to
cool the mixture too greatly, since a sufficient heat
transfer 1is required for appropriate exchange at the
heat exchangers. Since the viscosity of the mixture
rises greatly with falling temperature, the circulation
in and the flow through the loop reactor is firstly
complicated, and sufficient removal of the reaction
energy from the system can gecondly no longer be

ensured,



of about 130 to 180C. The gaseous conpounds obtained in the am dation can
in principle be disposed of in any way or sent to further processing.
However, it may be advantageous in sone cases when the appropriate gases
are conbined in a transport line in such a way that they are optionally
pressurized either continuously or as required, for exanple with steam
pressure, and can thus be transported further. Esterification A further
step which constitutes a process el ement and can be used in the present
invention in connection with the process according to the invention is a
hydrol ysis of nethacrylam de to methac®ylirc acid and its subsequent
esterificatiogntoaHEEQacrylic esters Ls reaction can be perfqgrned in one

Th
or nore heate f or ekﬁﬁhle %ﬁ%ﬁﬁﬁ;W3&Yed?°Wan E?p?€ﬁ&ﬂﬁﬁ% it has'9 n many
cases been foupdctirbe rdauneagevus whén the ®stawistipdéatranions peiforned in

at |east two sygsessiamddt apks, chut, fokt AN Scuaksoain ik eenyr four or
nore successive tanks. | a sol ution of netha%%¥%9nlde is

t.hi s. case,
i ntroduced in?ﬁc??ﬁgﬁﬁﬁ1k%3PSiﬁyﬁ%gﬁﬁ FPFEEDT ahk® of=3" baf? Yof &%nks
conprising twe oresvwite paAnkehidit Bs flrequentkydprefdratdédnt ocager fioy m a

correspondi nggest@rdd.i cahi 0gad LA 0N tet My dopatlteRry oof tuR,oF My e tanks.
Ref erence w ||, therefore be nmade hereinafter ‘exclusively to this variant.

In the procesSHITt i Bad hdhe FREFWIH0REPHME PO BS&GHHPES t A¥ERd an
am de sol uti orhas Wit @iffdblenty ont tiie amodatsosuiftact iorrdédcri bed here
into a first tank. The tank is heated, for exanple, with steam The -

am de solutiopn supplied general Ly has an el evated tenperature, for exanple
a tenperatureﬂ%fmggdﬂﬁmf%@ePB agoﬁgelﬁﬁﬁfe%%séh§P§FF9 coPFeSPRRfithg to the
exit tenperatapeubftichéehamidet soblbioncreemauaetanretdad obhe eastimgn

presented aboygyy ARagkkanalni g abspeded Jr0 LBe: LANKSy WBLER- £AN e used for

the esterification
Ehtroduced inte 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 50 to 650 m’/h, preferably in a range of
100 to 500 m*/h and more preferably in a range of about
150 to 450 m*/h. In an at least one further loop
reactor which follows the first loop reactor, the
circulation streams are preferably in a range of about
40 to 650 m’/h, preferably in a range of 50 to 500 m®/h
and more preferably in a range of about 60 to 350 m®/h.
Moreover, a preferred temperature difference over the
heat exchangers i1s about 1 to 20°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 ig into a mixing
element, for example into a mixer with moving parts or
a static mixer, or at a well-mixed point. The sulphuric
acid is advantageously fed in upstream of the acetone
cyanohydrin addition. Otherwise, it is, however,
likewise possible to feed the sulphuric acid into the

loop reactor at any point.



Sui tabl e al kanols here are in principle any al kanols having 1 to about 4
carbo n atons, which may be |inear or branched, saturated or unsaturated,
particul ar preference being given to nmethanol. These al kanols nmay |ikew se
be used together with nethacrylic esters, which is the case especially in
transesterifications. The tank is also charged with water, so that there is
a total water concentration in the tank of about 13 to about 26% by wei ght,
in particular about 18 to about 20% by wei ght. The anmount of am de sol ution
and -of al kanol is controlled such that -4 total nolar ratio of amde to

al kanol of about 1:1.4 to about 1:1.6 8Xists. The al kanol can be
distributed over the tank battery such that the nolar ratio in the first
reactor is about 1:1.1 to_about 1:1.4 and, in the subsequent reaction:
stages, based ®h tREPotH ARFIFATERNS it aFbFatiUP of €aBbo¥ 150. 05 to
about 1:0.3 arentestlald sherh Thet akkarmicdsed ¢t eulbeuest encldcdts on may be
conposed of " f@é&h@l kafolexRRd akkanebnirpm Loty dd ngsidLaps 9f. the

wor kup st ages %ﬂg i f reqU|red ai so of recycling streans of the downstream
processes of T E?%t@ﬂ?sﬁ#ﬁyqqtﬁstaﬁ§ﬁﬁ darf :Be FohERPBE with
water in pringibpl HIS‘tLhZEh ﬁ:hestt viatcpr riescted tndt aeodtank. I riomambaEnur ce,

provi ded thatzfi"fh‘%%Eeﬁagés1éﬁb'%¥gé%$ ents which night adversely affect
the esterificat ion reaction or t 29 - downstream process stages. For

exanpl e, dem neralized water or spring water can be fed to the tank.
However, it isnl$¢maucasq@osskbMast@eéaedoanﬁixbube afvawitefecad wor gani c

conpounds to SheedAknS ARLALACD e APk, ha UL cAL] On o

met hacrylic acid or nethacrylic esters. ferre of the
process presemf@Fhéte Sutlﬂ?@uFéﬁkaFédchEF@eﬁu%\Eh‘F%tacﬁé} ey ASHYea i xt ur e
of water and lsuch digarixanpdepounds. sYheana b@itbé@poﬁhévwnéﬂosmmye tanks is

used 10 he ast anld |Galdan GASLLER, 160° AREAPUS.S USLANCSS s

especially the nethacrylic esters, can in %r|n0|
i ndi vi dual | y ¥¥6ticdacth &k 85d TREATESN a2 7 f | 8%EF OFETRRRAEVES, Gt has been
found in soneﬂ&asaactdobemaﬂvanéagﬂauscwme@ntanlasb@ﬁifﬁqaﬂﬁ il dor nor e

tanks, ‘the gasgaus Beaduchs LERPLENGS] T8l Lank A& {4 Shfedl nio the

second reaction ves e gaseous comnpoun S fromthe firtst tank
bei ng fed di riddty °Pota PoFHE i%ZRCon. This procedure offers the advantage
that the frequently high evolution of foamin the first tank need not be

count eracted C iC ef Qam r e assage of
t he gaseous su stgﬁggs ?%onfgh q%lrgg ?gﬁi qﬁy opﬁe égcd%%§ a%ﬁagthe f oam
whi ch has bedideraedsi it bee f19aRr gemskoand Tiahanakesheiainshitcaibsed al so

enters the reaslngagebasbenenf thie rseeondchankeks aagenpl esumnge Since
t he foan1for@&%_%n t here |s ener%h&ﬁ SI nificantly |lower,.there is no need

to use def oam ng aqp SAPETs . E e  SEESh nkthaerra%gledlgdo%\?ﬂfﬁ SRSt a first
tank then firigt|gr %me%ouprﬁﬁ%n©vextﬁﬁﬂﬁtﬁlxFm&éa?sp0©hnk3 cécamal y, it is

fed with thegaseess mb&h%ce&ﬁ Othgﬁ%ﬂo@ehgﬁti&ﬁ&i tx@agoﬁg wm'oq:h are
present in the first t, Sec nd tank and an anks are
| i kewi se charégﬂ‘&n Jﬁétﬁ% 13 %?ﬁﬁﬁ&?&?réﬁ”h%?%@%?%t g% tl"é"l‘?‘l‘firunt of

met hanol decﬂea@§§Eby an I@@st 8% exchanger in = the heat

exchangers point by point or continuousgly and to adjust

the cooling performance of the heat exchangers thereto.

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

It is equally possible to achileve 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

possibilities is also conceivable. The loop reactor

should additicnally have at least one gas separator.

‘One method is to withdraw product formed continuocusly

from the loop reactor via the gas separator. Another



- 30 - fromtank to tank, based in each case on the preceding tank. The

wat er concentration in the second tank and in the further tanks may differ
fromthat of the first tank; the concentration differences are, though,
often small. The vapours fornmed in the second tank are renoved fromthe
tank and introduced into the bottomof a distillation colum. Wen the
esterification is perforned with a battery of three or nore tanks, the
overflow of the second tank is transferred in each case into a third tank,
and the overflow of the third tank, if .appropriate, into a fourth tank. The
further tanks are |ikew se stean}heate The tenperature in tanks 3 and, if

appropriate, fdetBodreberably adj uaked 5o aatmut gasedh t?oﬁl?&i“ %140&9, The _
vapours escapin from%he tahks are pass [ nto a distill colum, this
FRG 3 St

preferably befRgCEFFRCIET" i W*T hESFOWET r of e H% Ciq o col urm.
The vapours coapnlgecarbar eoinmpide . mﬁbumodﬁctawitmrmma&mommcr ylic

esters and al kago! -aadrofleRending 0auhhe dlkansl dsednhage Gedaperature
of about 60 t out 120C, exanpl e” about 70 to about 90C en net hanol

is used. In theRi 5839t 5ﬁ1 §8Fﬁnﬁec?‘?l% IRAMFERFEPE - eERRr TF3C 5 Parat ed i n
gaseous form hintntdecoapoisimonstituentes adddhahdi h\eahahrglmnlde,

tenperatures. o Jhg, i ghebobid Nohdd 3GH 1LQRS r(e%\:?!a% {'Etbﬁ&rf’i#& acd s

hydr oxyi sobut%rlc esters and water) are recyc Into the first reaction
tank. The meth8&ryic Je%t@?a‘F‘b‘?%Yﬂl‘f% Hhamﬁewmagtw% oY 55 R col um
and cool ed byacstams: ofcyanobatirérchahgertiors a daakt er yhef éxmeanf rmfre heat

exchangers. 'éui"&%ﬁ%e%cﬂwﬁ olfnoti?@ P§f§¥'1%c{éﬁa§%€(€t8f‘se§r

met hacrylic ester I's cool ed means o two heat exc angers
whi ch case a T7PSt Oﬁea"theex@ﬁﬁﬁéﬁr SHERURAE e r2 P f oF HECtthe WabRderEat | on and
- 31 - a coohdergernon @yahehpdrahute Bérmbbuttied tetabouyld30{Fe wiHee a second

brine-cool ed heat,gxchangek ugﬁgrtggg&porpoql n ngW%o 8@0%0156 glg%)ut 15C. A

part - streamfromth wat er - coo condensat e can be I ntroduce reflux to
the col ums fB‘?a‘”ctdﬁ’cSeﬁtarsattPSnaéBﬁW%ﬂfe|tﬁ1‘3tthe WaPEnh© HeRevetPhY%i9 s equal Iy
possi bl e to caold tdecamt hiacrild cfigstterl dopr medcbyrpeahs phmpalhdlttery of nore

than two heat, @%%@@%&Qté@% tdnds (BOSBLELec Lorcaxampl e, first

to undertake a i ng nmeans, of two water-cool ed heat exc angers
connect ed i n ‘$Eriwadedng ttkr?eny%?}cacﬁF%vémBrPﬁ?@heimcc%‘lriﬂngat?y of an
appropri ate bsieericooledlkeantexehangest one heat exchanger and at

least one gas separator are arranged in the gecond loop
reactor., The reaction temperature in the second loop

reactoxr is likewise about 90 to about 120°C,.

The problem of the pumpability of the reaction mixture,
of heat trangfer 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

gsystem.

The acetone cyanchydrin is again fed in in a suitable
mixing element, preferably into a static mixer or at a

well-mixed point.

The product is withdrawn from the separator, especially
gas gseparator, of the second loop reactor and heated to
‘a temperature of about 130 to about 180°C to complete



For exanple, in the pro cess presented here, the nethacrylic ester fornmed
ca n be cooled in the gaseous state by neans of a first heat exchanger wth
wat er cooling. Both condensed and uncondensed substances are then passed on
into a second heat exchanger, where a further condensation by neans of

wat er cooling takes place. At this point, for exanple, gaseous substances
can then be transferred into a separate brine-cool ed heat exchanger. The
condensate in this brine-cooled heat exchanger is then introduced into the
distillate stream while the rennining gaseous substances can be utilized

further or sent to di sposal The net ha I'i c ester condensate fromthe
second wat er - 9 I g wat er - cool ed or
~brine-cool ed egt g(geia;((ﬂﬁlan er tggagér‘h%e%é;?%rtgxgg%ggaéﬁsgd han 15C, preferably

about 8 to about 12C. Th| s cooling step can lead to the nmethacrylic ester
formed havi ngraesiggddirgantby bosesfr=00Rt epbrobrhed Msuicaci gnabancwwul d be

the case wt hgg% %&e c:%r %?:QE’QQ& nqscogkkégwsé e%m'lg'hef(croolaedmcondensate IS
e or

then transferre se Seépar ator gani c phase n(‘mat hacrylic
ester) is sepafated f?@rn @W@J@eﬁﬁrs Pphatee Jheakrjifeodss priggEaich, as

wel | as water abaaty a0 &bﬂt@é@ alﬁopaemc@talormmac t@aep@ﬁngjﬁou@smsl ally
al kanol , fron;z d| st| I ut:| 3:% ste e, | nci le béa used

further as desi regout:-loﬂght, 4s altéa r(fescrl b%]%ou ovleVe
preferred to Fetycrantbpsprnqinle ok \ﬁétf@Ctaﬁdler gawi epeelﬁfp‘immd%olback into

the esterificathosvipcossn by feasimgdre |10 éLhﬂl fd rﬁof@aﬁétﬂﬂitank The
r enmoved organ_JE,c phase |fefed nto a scrubber her e, get hacryl Ic ester

is scrubbed with dentheral i zsd” waf&F: thecgepa tec?ugé)ueg ﬁlase whi ch
conprises a n?&tlmretﬂcﬁné\ﬂoat@n%ﬁdhorg@m@%m&%mﬁsgm%d%al%w%kawl can

in turn in priggspde tzte use@qtlatwelso@@mmItroe@upbwoemé,eﬁérgyﬁ by
advant ageous f or gcay g }easons ta recxéal e this ueous ‘ﬁ% se back into
y

the esterification step R AT 1%?(%1?7%’] e, nt S*PHRFi ¥ tank.
Si nce net hacry¢érs exfit arigrhyeEea. strong tendency to polynerize, it is in
many cases advant ageous when care is taken in the esterification of

met hacrylic a}_Elrd that such a p rrerriﬂatro | ants for

event e Ln
preparing nethacryiic acid o SEr YISTE ESPE%E g V?Q%??%%u%ften
takes pl ace vinesn rreltldnabﬁlhrtg afcwp ors nef fectrad i o e@t}waﬁ i exthandewe a | ow

flow rate, soyithattdncalagealdn measeeaef et%ngérné/ttu cde cadacdioimsting over
a long peri od bet ween mnet

i met hacryljc,ester

pol ymeri zat i ofi P (R & a?r‘fa%’ Yeg’?aBFFEﬁ%B l@\hi—’”chatcab %%‘bs%?]‘g}g]nef'l y lead to
pol ymeri zat i ovppditer dfeirratr@emeeVentThstscrhanté’re zetdonidehmistourg it may
be advant ageous, {0 ORY &l Z8mbheasURSIANGSLEOW § o d Ny @fd ect that, firstly,

the flowrate of the nethacrylic ester or of the nethacrylic acid is
sufficiently high at substantially all points in the systemthat the nunber
of cal m zonesThes Ineai nezethndeay tdwer nor econttinay, beomadweantEgeousitlo adm x
the stream one or more gas separators. For example, it is possible
to conduct the reaction mixture through a gas separator
after it leaves the first tube coil in the heat
exchanger. This c¢an remove, for example, gaseous
components formed during the reaction from the reaction
mixture. It is equally possible to treat the reaction
mixture with a gas separator after it leaves the second
coil. 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
temperature of more than 100°C, typically a temperature



- 33 - of nethacrylic acid or nethacrylic ester with suitable 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 that a mninmum | evel of polynerization takes place in the
systemitself. To this end, the part of. the plant in particular in which
the nmethacrylic acid or the nethacrylic ester is present in high
concentration during or after the distillation is supplied with appropriate
stahilizers. For exanple, it has been found to be viable to supply a
stabilizer at the top of the di stillati#dn"colum to the stream of

met hacrylic es er<9£aw¢ﬁpgg EQSES' Furthernore, it has been found to be
advant ageous P FiUsh ose parts’of the plant in which nethacrylic acid or
met hacrylic ester is circulated with a tenperature of nore than about 20C,
preferably w the agh esmes adatindst RBrhanee oh ahoutm2ddieraba #20C, with
a solution of_stabil. i i,c ester. Fo 0 of the

|zq{ I net h crﬁl r eéggplg,fért

condensat e obPAIREFiH Fhe B ThardePsY Fadethef W t h° a5t Hbl e
stabilizer, isreesyinad i Howevdre t op ofevt hee dissivhhtagéos cohungPraich t hat
the col um togas@f khen MRS | Qbprbsr SiHaY8dseoNShant by ddn stabid i zed

nmet hacrylic egter or stabilized thacrgllc acidh This is refefpbly done
in such a way"TAAPPHSG cHiYfi zoheZ Thr® f 87 FR*Y hEPTHphF PR T8t ubh, ~ at

whi ch there isressisicest pdtheericrationoeslnetraceyl iveaméirddor fast hacrylic
ester. The heat.gxchangers thensal ves-Jmy-e0r r egpondiagl y chkewse be
charged with a stabilize% sohution of nmethacrylic acid or nethacrylic ester
in such a way THAEPHS Cal#r28fEs can formhere either. - 34 - process
presented here when, for exanple, the offgases conprising carbon nonoxide
from precedi nggpPL0683S8I onespecially fromthe am dation step, are passed
through the esterification plant together with steam In this way, the gas
m xture is once again purified to renove conmpounds whi ch can be renoved in
solid or in |Aqbudtier nstSecdnidily carlséssubee eobkectet atemerderandl poi nt
and can be sepin 9. fyydhen whidl bzaklen ofydHSResak. <theeAeihAackydd c ester
obt ai ned or the MVA obtained in the es%grLflcatlon and_the ggﬁze uent
prepurificatioht BrOTHRE MAKEIVEI ECadt SBVERhERT 4F e®sUBLEqUéitiy sent to
a further treaf remethzbheyestids fi cati onetrfesudvidci n alitidit easdl phikd ¢ acid as
the remaini ngsfgsifdiale SUNSLANGR. WBhCh Lafedddanse basenl ttha further

utilization. Prepurification of the ester or of the acid
reaction can be performed in one or more heated, for

example steam-heated, tanks. However, it has in many
cages been found to be advantageous when  the
esterification is performed in at least two successive
tanks, but, for example, also in three or four or more
successive tanks. In this case, a - solution of
methacrylamide is introduced into the tank or into the
first tank of a battery of tanks comprising two or more

tanks.

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

exclusively to this variant.

In the process described here, it dis possible, for
example, to feed an amide solution as obtainable from
the amidation reaction described here into a £first

tank. The  tank is heated, for example,  with steam. The



In the process presented here, the subject matter of the present invention
can al so be used in connection with a process for prepurifying nethacrylic
acid or nethacrylic ester, as described in the process el enent which
follows. For instance, in principle, crude nethacrylic acid or a crude

met hacrylic ester can be subjected to a further purification in order to
arrive at a very pure product. Such a purification which constitutes a
further process el enent can, for exanple, be in one stage. However, it has
been found to.be advantageous .in many cases when_such a purification
conprises at |least two stages, in whiciase the | ow boil i ng constituents
of the produc r in hESk p [f-i.cati.qn d i here. To
this end, cru gi‘ﬁ%t hgéz?};"ﬁ%é{ ess?g%h%?&cr%%gégnée%%cﬁfl%i cggci %flggé[fb%gnsferred
first into a GFEPFT#EH N A FHFPReWR HFMPREAT8%E bot | #PRjc b’ i tuent s and
wat er can be mesowvediso°C,35essedt 5411y atdo@reepbiidiinng i Ronvhikab case:-t he
addition iIs p%é&ﬁ%@g;r 0bg! @ﬁ%ar&%ﬁ’dTel ”sélﬁleci%ﬁpefrcﬂ?" inOf Jhbg colum. The
colum bottom s heated wth Steam Tfor exanple, in stch a way that a wall
t enper at ure oFSaBBIRN B FERAEGUALETYOC A3 abrieleds ®hecopbedfieathon is
perfornmed undeankedugedpiassbeeusderdqy essukeetdki bidadig.colum in the
case of the ester is preferably about 100 to about GOO nbar. The pressure
within the colum in the case of the acid is preferably about 40 to about
300 nbar. At PHet#le oflkHeokol hane eke liowBoingimd ecorst | ellemialar e
rerrﬁv?ad].c I n pnat—izcgnlartothBSﬂtmycafsbénegaaf@é;a,zlbmetﬁw,?@Cﬂ@é& and )
met hy or mat T rs en, candense ns @ ne .or_nore heat
exchangers. ngf eggﬁ%‘?}%&’i t at-'gfl%aeeerqli f&%ndq’t%é%t‘)‘é*ﬁgg% PR*sohe Tases first
to perform a BERERTRES GItlByY wHaws & meshaacer - Ebepedakieanclscmnger s
conﬂect ed in Bekéesse H(b\éevﬁéecr'i]i ttde t@i@ual lﬂ)’ltﬁosrﬁétbia%fﬁy(liglseeé)@éﬁ’s,ong heat
exchanger at ¢thi o] nt... The _heat exchangers_are ef erabl.y operated in an
upri ght stat e’ %&? Pllcér %gléaecﬁﬁ% ??%eragtqéf g‘r?d%Fﬁn(s)? %‘?rjt olcparté\%l%t' t he

formati on of stationary phases, preference being given to obtaining maxi num
wet ting. lCognem etdaxd@\#msraa@arrbagrga@ Mﬁ&l@rww,??@ohﬁﬁ&te%ﬁ@ﬁ@gﬁé @rbt he
wat er - cool e t- exchangers e a brine-coople at_.ex ger ut it
is also possi%?%a 0 tonnect & batt elrof;1 ont‘g\l“/oe oga?r]grg%braibﬁélgcglgl e heat
exchangers do¥pRity eah? PW tBéIbht t dny Refrthculasx @bangerls, thealvapours are
condensed, proys dgd weithtstabilizer and, for exanple, fed to a phase
separator. Since the vapours may al so contain water, any aqueous phase

whi ch occurs is disposed of or sent to a further utilization. An exanple of
a possi bl e fuFltheranmint zatf omuiisier egpdbagni nend anokst ek kdnaat i ion
reaction, forcexamhed MRimaniest esi theati apiagacki9p a3 has deeen, descri bed

above. In thig case Lbe gqueouy phase [s preferab]y recycled ifio 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, wolar ratios
of about 1:0.05 to about 1:0.3 are established. The
alkanol fed into the esterification may be composed of
“fresh alkanol” and alkanol from recycling streams of
the workup stages and, 1f reéquired, also of recycling
streams of the downstream processes of the production

system.

The first tank can be charged with water in principle
such that water is fed to the tank from any source,
provided that this water has no ingredients which might

adversgely affect the westerification reachtion or the



- 36 - esterification tank. The renpoved organic phase is fed as refl ux
into the top of the colum. Sonme of the organic phase can in turn be used
to spray the tops of the heat exchangers and the top of the colum. Since

t he renoved organi c phase is a phase which has been adm xed with
stabilizer, it is thus possible firstly to effectively prevent the
formati on of calmzones. Secondly, the presence of the stabilizer brings
about further suppression of the polynerization tendency of the vapours
renoved. The condensate stream obtained fromthe heat exchangers is
additionally preferably adnm xed with dédfi neralized water in such a way that
sufficient seﬁarating%action can be achieved in the phase separator. The

gaseous conpolRYESHATER PEREFHS aff8PSF he FEONFEREREFon d51PRE2HEEET exchanger
battery may, prekerabl yobyngewarseofcat damkjde doorrheas ang&dutiodepeessur e

generat ors, besull geked; 00CEA0AIN 1O Fepndensatien By geans ghgone or
nore further heat exchangers._ It has been found to be_advantageous for
econoni ¢ reasBREAREN SERPPHFBostGondeifsatticek - cofdenS8E24BEonl §°F he

gaseous subst areeplér ormt hicher eputfitsaidronof Fotetéwanpliee idcids possible to
feed further S tQ. suc nast OQQ@ﬁQQ j.on, ai ned
fromthe nainagﬁgg ?%%#?0%§2§P%th§C% ﬁ%%aestégg. e g%@gnf%§e9g such a
procedur e IieQFOF%?Seﬁéﬁﬁ?%Fe¢nhFF%ns¥E?rFﬁﬁksu%% FIIPord ohedrt

met hacryl i c eptetlwhiwirihas notidoees cofdemses: i raddhe stmehn pugbhi€ati on
stage once nnggmg%@n&ge phase separator into the purification colum in the
prepurification.”It 1s thus ensured, for exanple, that a maxi m zation of
yield can take place and mni-num | osses of nethacrylic esters occur.

Mor eover, thewhdht abllestsedgctodHnted idie wess gpasid the wepdr atd ophef - 37 -

these further oBeat, exanangens aklows the compasl than.ahoLhe othgas |eaving
t hese heat exchangers, especi all y the content of 1Tow boilTers, to be
adj ust ed. especially the methdcrylic esters, can in principle be

drawn off individually from each tank and fed to a
purification. However, it has been found in some cases
to be advantageocus when, in a battery of two or more
tanks, the gaseousg prbducts from the first tank are
first fed into the second reaction wvessel without the
gaseous compounds from the first tank being fed
directly to a purification. This procedure-offers the
advantage that the fregquently high evolution of foam in
the first tank need not be counteracted by complicated
defoaming apparatus. In the case of passage of the
gaseous substanées from the first tank into the second
tank, the foam which has been formed in the first tank
and may have been entrained alsc enters the reaction
chamber of the second tank 1in a simple manner. Since
the foam formation there 1is generally significantly

lower, there is no need to use defoaming apparatus.

The second tank arranged downstream of. a first tank
then firstly takes up the overflow of the first tank;
secondly, it 1s fed with the gaseous substances formed
in the first tank or which are present in the first
tank. The second tank and any following tanks are
likewise charged with methanol. It is preferred here

that the amount of methanol decreases by at least 10%



On ng to the feeding of water in the prepurification of the nethacrylic
ester, the water content in the esterification and the concentration of

| ow- boiling constituents in the crude nethyl nethacrylate overall can rise
continuously. In order to prevent this, it may be advantageous to di scharge
sone of the water fed to the systemout of the system preferably
continuously. This discharge can in principle be effected, for exanple, in
an order of nmagnitude in which water is fed to the systemin the
prepurification. The aqueous phase sepqggted out in the phase separator
typically has a content of organic constituents. It may therefore be

advant ageous koheednkhls VBLE! 1o fof Ml UaaR0sal Wl chelkhkhzes this

content of organjc substances. For exanpl e, vant ageous when

wat er thus cohfafit nﬁ?%dw%ﬁ§41Qﬂ%ﬁ%%t63§ﬁﬁété%c%%?|%Fq99§ FéthénéoH%ustlon
chanber in a sukplfurritheacithnilseanagedpf deessronmthgtt @t hehoxicdi-zabl e
constituent s cuhf, c8ho! LhCeNAIUE SAN A1 B ULEL) 28ofln! CBRLar LY. 11
addition, a p055|b y expensive di sposa the watef Contan nate th
organi ¢ subst &#8&%-is thus often avoi ded. Fine purification of the

met hacrylic ester For the fine purification of the nethacrylic ester, the

crude pr epuri fgd, JBLAACT YL PSLETLIS SUbi-ected,d g anaLher di stifl ati on.

This frees the cru hacrylic ester o I'ng constituents
with the aid &Pea &rakil PaF on-rdd1dwEeto d@F&lﬂé%ﬁMﬂh?ﬁﬁ%%ac¥@I|@ ester.
To this end, thettllmel gretdrdomyl.i ¢ ester is introduced into a distillation
colum, sonetines into the lower half, in a manner known to those skilled
inthe art. The distillation colum can in principle corresEond to any

desi gn whi ch dppRaFiet esberhiicdtiorn tif megderarel véthi A PRECAFY. Of—lowever
it has been fehndetor mmduaniageats bhefByw cBSahd Gecbha pankt ysof the
resulting pro he di |1 u ed h_gne or nore
packi ngs mhlcgy%%?respéidggpsgéklﬁ%%%ﬁy %%é ﬁgt#%F?omn%%'ré%%%reﬁgnts
Firstly, justoVekElenh ffie Btthefh FLFﬁestafq]%V\eélft FEPEGR T byt fret H@é—royl fc ester,
a mni mum | evebusth sasedl. | ethé dead-tapacesanishould fDiawiIkd heteghums. The

dead spaces | 2049 anEOTRACALLYELY Long.es! denge Limoal Le pethacrylic

esters, which pronptes t merizatron. Thi's’
expensi ve proéué?|Rﬁ?§ﬁﬁﬂb&@%ﬁ§35ﬁ6eél%Quﬁhﬂ}toﬂ29héoaﬁ%@@%r%%ﬁ%@ -parts
bl ocked with polyner. One way of countering the formation of dead spaces

is, both by d g Yo 2 sufficLent er ti,ng npde_of the, colums, to
almays | oad t e%1gn§$§&§) ?Qﬁ%%nfﬁﬂ%u% ?aTkQ ui e %asﬁﬁgll%%%s?ant
fl ushi ng of tﬁés*ébﬂﬂ’m@nawl@gmmtéllllsy to’-feftembéw beng neéfaared sieh as

packings is aghéevesheFor-dgishanee, t;He Col $S) AWbrhave16RRAY dBYi ces
whi ch are de3|%$ed for_the.spraying of the colum internals. |n,addition,

the col um i nfEFPAHS MR SEonRBet 8450 0" I arlbriier Ssubh t R&E b&Fel y any
dead spaces, ®tedret treathacwelat abbersoprnd Jbkarnwls sewdd, dependohanmni nt er nal s

nmay be connectred LOkARSL au@teaer Hfvel Oatlﬂgm%QJ:é'tEﬁ‘ré’i @fi @ﬁo%wcumcﬁdt@dhesi on
seans. Such adhesi on seans_have at ] east about gre era I at . | east about

5 and nore pr@& %¥%b}@0é§'I%%%teﬁﬁmﬁﬁe]ip?qﬁe79ub?l Reu% o7 1<m BReBdhesi on
seam | engt h. méehdrerigt Hsof ubdése Imt erhreuptiiohsl batyidre selleciied sbeh t hat

they make up @étﬂaﬁﬂ%}ll%b%‘éﬁ;el-()?%, sgﬁgiﬂé‘c@'i’n ag}as,'e%%%t f@%“%rgﬁ%ﬂé‘d or €

preferably at | east "about ut generally nor e
vapour constltuents which boil at hlgher temperatures

The high-boiling fractions (mainly wmethacrylic acid,
hydroxyisobutyric esters and water) are recycled into
the first reaction tank. The methacrylic ester formed
“is drawn off at the top of the column and cooled by
means of a heat exchanger or a battery of two or more
heat exchangers. It has been found to be useful in some
cases when the methacrylic ester is cooled by means of
at least two heat exchangers, in which case a first

heat exchanger with water performs the condensation and



- 39 - the adhesion seam | ength. Another design neasure may be that, in
the internal regions of the columm, especially those which cone into
contact with the nmethacrylic esters, |less than about 50% preferably |ess

t han about 25% and nore preferably | ess than about 10% of all surfaces,
especially of colum internals, run horizontally. For exanple, the stubs
whi ch open into the interior of the colum may be configured conically or
wi th oblique surfaces. Another nmeasure nay consist in keeping the anmount of
liquid nethacrylic ester present in the colum bottom as | ow as possible
during the operation of the colum, andlsecondly in preventing overheating
of this anmount in igite of noderate tenperatures and | arge evaporation

surfaces durifigPRe* &Y ap0r at FERPCTR-4hE RNt HYetUsHr A it S cont ext
that the anbuwhibdé & ispbahd brilhe-coblexh ottt emaiekesrupndartdie=g ange of

-about 0.1 to 13% and P%GEB&?‘E"W% %_l%gtgbéuttolslwoi bggtlgé@éaﬁﬁ% of

nmet hacrylic ester I'n the co e neasures proposed Ln this ﬁggagraph
may al so findtB8evdrPi1recdiest FPRAETHHF DfCatetifadmHPE sed dos | Fet
purification od the eaeivvaer floc cestett ratiorhiqgintheill tngthensdéidtment s are

separated fro r hsLi i 0 IS d bott om
ispheated mﬁtﬁ$§€§2§1q$ﬁg%b%¥Fg%?%e $%§%§¥ﬁe§% §k%%efgga F§H§%§§%H£B to
about 80C, in®PaFti EBFRFd abBuimesost HfaduPayBery wPth "RERI tepef R ure of

| ess than abob¢ad2@&chdihgenmt errinal tlobt aicaed, i it heéscalasmibhet t ofdt S
preferably T eopyth £OMMOUN %, 410-Gol &1 D61 TN Olnedhhef gxghanger or

a exchangers to a tenperature battery of severa . In a range of about
40 to water-cooled heat exchangers connected in series "and
then to achieve a further cooling by means of an

appropriate brine-cocled heat exchanger.

For example, in the process presented here, the
methacrylic ester formed can be cooled in the gaseous
state by means of a first heat exchanger with water
cooling. Both condensed and uncondensed substances are
" then passed on into a second heat exchanger, where a
further condensation by means of water cooling takes
place. At this point, for example, gaseous substances
can then be transferred ihto a separate brine-cooled
heat exchanger. The condensate in this brine-cooled
heat exchanger 1is then introduced into the distillate
stream, while the remaining gaseous sgubstances can be
utilized further or sent to disposal. The methacrylic
ester condensate from the second water-cooled heat
exchanger is then cooled iﬁ a water-cooled or brine-
cooled heat exchanger to a temperature of less than
15°C, preferably about 8 to about 12¢C. This cooling
step can lead to the methacrylic ester formed having a
gignificantly lower content of formic acid than would
be the case without the corresponding cooling step. The
cooled condensate 1is then transferred to a phase
separator. Here, the organic¢ phase (methacrylic ester)
is separated from the acqueous phase. The agueous phase
which, as well as water, may also have a content of

organic compounds, especially alkanol, from the



about 80C, preferably about 40 to about 60C and nore preferably in a range
of about 50 to 60C. - 40 - acid and stabilizer conponents, is
subsequently, via a storage vessel, for exanple, disposed of or sent to
anot her use. It has been found to be advantageous in many cases when the
material obtained in the colum bottomis recycled into the esterification
reaction. For exanple, the material fromthe colum bottomis recycled into
the first esterification tank. This gives rise to the advantage that, wth
a viewto a very economcally viable nmethod and a very high yield,
relatively high-boiling conmpounds presei®t 7in the colum bottons are
recycled into the,esterification reaction. At tqg to f _the columm the

net hacrylic e§P§Elgz?F%?%dS%®PdT§¥iFPaPFb%C+%9%m %d?g EWEE ool 88 by rmeans
of a heat excli@sgeedorHewdain,erap eflrewndy odesmribdieatbosrchahgeas. bdhe heat

of the vapour s can,-bear esoved, by nBans Lfxwetebrcoaked Bgat o nggﬂ@@gers or
by nmeans of brlne-cog%eﬂﬁ%:at,exchan ers or by neans of a conbi nati on of

the two. It h&§"B8EHAF o o B uséfhl FRLS CdeS WRERCERAR vEBours from
the distill atiferdtotuin are tuhansfest ededattiont wendr nore heat exchangers
connected in parallel, which are operated by neans of water cooling. The
uncondensed fractions fromthe water-cool ed heat exchangers can, for
exanpl e, be i ACFodIREW 5t 87E2D+F ndhE56| etf hds exBR@nder #6FUBPBAt tery of
two or nore bfhreecooltéed heattlexahdnger sestwdn chimay derdrlregingedith series
or in parallebenfherSOMRNSALRS ObhAl a‘?raftléamaht]%oﬂgaﬁhgégh@HQ%S are

introduced into a collecting vessel _and'sent to a buffer vessel nmeans of
a punp via a FOFPREFehedt BXEHHTgePt oMagehatdt yObeatio GPMRBFBIFur t her
heat exchangeespedhel condensatke, staraimi sucoolied, pforcigianibe, ubgdmeans of

a battery of epe.nL,twe V@éseir%eo%aol%m, exchangeg s, and, Qne, or

Lo
bri ne-cool ed heat exchangers wn to a tenperature 1n a range o? about 0 EO

about 20C, pr EFERIBIY AFBEPRD t°&® abBTHCUBCTRAY AOMEHFefRas yPRA%a range
of about 2 toidb€& thedlestdrplirdatiioneamties Wbtrhdfawdifigomthe €ondensate

stream and isekgﬁ%fégquﬁg;Qh%hgigggt{%ﬂfqion colum via the top of the
e

colum. The condensate stream can ed into the top of the colum in
principle in any way, for exanple via distributors. However, it nay be ‘
advant ageous wheoe a npahbicenlot tdererendeasat @ stteamnyi dne@nicgt otdhe vapour

line above thgoweslo{zé,h%tcoi'#%.,&e{y '%d%%%xggow-wﬁén Saglso

i
preferred that eedi ng al so i ntroduces stabiliZer into the top of the
col um. A fur tRebaieR tintieapdrrifecebidfemhteitncerdéd reidreRyeling into
the col um casuchod ExXameirezaheohr agched <aftfedi.nt o t he vapour |ine before
i ntroduction and be introduced directly into the top of the colum. Here
too, it is preferred that this feeding introduces stabilizer into the top
of the col umiInTREaRE ricoudteRringoneheaeiplist adiel el ngrheanybécdone, for

exanpl e, in sygbeds Way ddigimetieat bRl i asrdn t he dep of ptheecol WABnI S

sprayed with the condensate. such th no. cal mzones can tormin the top of

The Lol um at ORPERERE T HBePb| I Cosrey RanBorendrirsl?] didy 8¢ 1P

addi tional Iy bewad¥avt ageeus sro thdd dosedbidalrerzdrss prasvefrimg in

pol ymeri zati ognién a &andeasatiespany- st¥&amhichd s geesyel edetptont he

colum. This canhbe one, for, exangle, by addi.ng an a%groprlaée anount of
methacrylic acid o) methacryly ester an a
polymerization initiator can be established, which can

subsequently lead to polymerization.

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

Furthermore, it may be advantageous to admix the stream



pol ynmeri zation inhibitor as stabilizer to the condensate part-stream

i ntended for spraying of the top of the colum. It has been found to be
advant ageous i n sone cases when the condensate part-stream after the
addition of the stabilizer but before entry into the top of the col um,
passes through a suitable m xing apparatus, preferably a static mxer, in
order to achieve very uniformdistribution of the stabilizer in the

condensate part-stream - 42 - The uncondensabl e gaseous substances which
“are obtained in the purification process are, for exanple, sent to
di sposal. The crude product present -i B3t he buffer vessel is kept with the

aid of a brine cooler at a tenperature of about ,0 to about 200C,
preferably ab8ht "ethecaboift 25 Hd WeStEcEyeier 8bF§ | Bl r ngeldfe about 2
to 10C. |n osdebilizgrenoveudny tueatherpdipetiibbesod r omst helgrgpdyct and to
arrive at U|t£€§5g§% | Kyl methacryl ates, the product can also be subjected
to an absorpti puritication stage. It has been found to be useful, for
exanpl e, when the pure product as a whole, or at |east a portion of the
pure product, rés prid fheebddy,t hele Wikdaatbe iai dhef prosBlec ertiave.

Particularly acldi ¢ ) MR LLLeS esReciabliy hopte aeld, {ofed Jn.the
preparation process, can us e Tenoved in a Srnple nanners?roﬁﬁ he
product streafpaftahBing@ent Lovel | £ beepyreuraptionbeakssf wilace siehe cases
when the produgé sy&eam ioddier, passinig tdHOUGhe heyvradsar piHevey i fication
stage, al so passes _through qne or.nore.filters in.order to re e any
sol i ds presen?ﬁi r?atrtﬁé?b#%lauétn. ‘%ﬁlg}gt E(kalgrrsmeo, aﬁrﬁégci na?%é; %p%\l}lpe conpri se
pr edoni nant | y"peraaisliifabpatebnpoundsesertorder high agonferitidescri bed
lr)mre ]Ehandonctgﬁifh%hio& t ekter pf@@ﬂﬁibh@li@%‘i@%i an ofsugpigéczon@zahdith has
een found to_be advantageous.in the case of the process described here too
when t he part%?%ﬁOQﬁﬁgtﬁlgﬁ By TEH Tome into contact with met hacrylic ester
are constantly flowed over with nethacrylic ester. In a further enbodi nent

of the processopreseniied hergasappal trsildeam ok WFREBBEI ¥ i ulsihera i s
therefore mﬁtsckgg é@@Ng%tgga of t el?“h?%&i%ﬁ% el bué upst r ealr of the
adsorptive purlﬁlca.lon stag%n}ﬂpo? eF% e a5 AgY %v%?]?he tg%zreglons
of - 43 - stream of methacrylic ester drawn off there.
Furthermore, it has been found to be advantageous to
flush those parts of the plant in which methacrylic
acid or methacrylic -ester is circulated with a
temperature of more than about 20°C, preferably with a
temperature in the range of about 20 to about 120°C,
with a solution of stabilizer in methacrylic ester. For
example, gome of the condensate obtained in the heat
exchangers, together with a sguitable stabilizer, is
recycled into the top of the distillation column such
that the column top, on its interior, is sprayed
congtantly with stabilized wmethacrylic ester or
stabilized methacrylic acid. This is preferably done in
such a way that no calm zones can form in the top of
the column, at which there is a risk of polymerization
of methacrylic acid or methacrylic ester. The heat
exchangers themselves may correspondingly likewise be
charged with a stabilized solution of methacrylic acid
or methacrylic ester in such a way that no calm zones

can. form here either.

It has also been found to be advantageous in the



t hose heat exchangers which take up the vapours stemm ng fromthe
distillation colum. The product obtained in the purification stage is
subsequently withdrawn fromthe purification stage with a tenperature in a
range of about -5 to about 20C, preferably about 0 to about 15C and nore
preferably in a range of about 2 to 10C. Stripping of the consuned acid 1In
the process presented here, it may be advi sable, for exanple, in a further
process elenent, to subject the consumed sul phuric acid obtained in the
process to a purification in order to subsequently recycle it back into the
process. In this case, for exanple, a si¥eam conprising consumed sul phuric
acid, as can be obtained fromthe esterification, can be contacted with
steamin a fl SFACFEA PESERRteRNIN] JVh . de, AiePégst tE8nefEpasn® sol i ds
present can hecteposited cagrbbhe wincddde ofrdrhepkkqedihg apdotbeses deposited
solids can be , pour.s._ar ub u Ly-C nsed in a
heat exchangeﬁégggéggggbﬁggﬁw%-éxéﬁgﬁgggé)i%%f,’c%%gegg%ﬁﬁdrggggViﬁ into the
esterificatiofCesetiesAlifRtiRr BESH f begRFhF bel ddvairaipeotis’ Fhisone cases
when corrozi ?mlaiy$ mhevg_laTSEGhigclﬂu_kBeiBea{hceX@@amfﬁe{oarﬂﬂﬂecﬁQEOCQQJn{bﬁQ action
is inprove r ng_a_m xt ure . t.er and. organi c
conpounds, asggﬁgg?ﬂg% kﬂiégrgg%iﬁa f%hpﬁgdc§%r§%ﬁﬁg'fﬁ£ E%te%g?%%ation in
the purificat f6&mof SEREIMEL hadtgAs @rsstasllgcEpdr edl, ai neptrad hedept
exchangers i naadchaA weysddtatot Bertoes wfilihatheat cexehangans are sprayed
wWith this mxture. In addition to the corrosion-reducing action and the
cooling of the acid in the heat exchanger, this procedure has a further
advant age. Maf'BFi AFtRAFEN. 5¢ et T oPh s tay | fhe dffdnokeatnsd ute of water
and . 44 - Etaﬁomsﬂamfymmmi%d Sﬁl@&y&hlﬁﬂqﬁeﬁﬁth%x%ﬁlQﬁ.EﬁEﬁ@i&@Pf process
together wt i.c acid.and nethacrylic_ester stenmin rom
exactly this 8%o§%§§$£?ﬁg%Q%%%§tPFﬁge?gt?h%agbéégz 5§§Fﬁﬁga£$Yo?% fon
af fords mi xt uF@s soffugdhgrandessineas: Aheeesthelfieaival redthdse fire sent to
any furtlhe_r uae;@tetosdlﬁpﬁ%jlﬁ. ddid sla@@sskhéehrfegaiﬁmggl egsmue%xlﬁi nerate
the resulting in_a.cleavage, pl ant_ an ence tp obtain_su uric
aci d again anggkfg%ﬁfeT ?%l?%céﬁg% %g%%W%ﬁatﬁg éﬁ%&bygﬂséh %HIE%%Pprocess.
utlilizaclion, :

Prepurification of the egter or of the acid

In the process presented here, the subject matter of
the present invention can also be used in connection
with a process for prepurifying methacrylic acid or
methacrylic ester, as described in the process element
which follows. For instance, in principle, crude
methacrylic acid or a crude methacrylic ester can be
subjected to a further purification in order to arrive
at & very pure product. Such a purification which
constitutes a further process element can, for example,
be in one sgtage. However, it has been found to be
advantageous in many cases when such a purification
comprises at least two stages, in which case the low-
boilir_lg constituents of the product are removed in a
first prepurification as described here. To this end,
crude methacrylic ester or crude methacrylic acid is
transferred first into a distillation column in which
the low-boiling constituents and water can be removed.

To -this end, the crude methacrylic ester is sent to a



The uncondensabl e gaseous conpounds obtained in the stripping are sent to
any further use or disposed of. The plant described here for renoving
solids fromthe consuned acid and for recycling material fromthe
esterification process into exactly this process can al so be perforned, for
exanmple, twice for reasons of operational reliability. For instance, the
two or nore flotation vessels can be used offset in tine. Since solids can
settle out in these vessels, it is advantageous to renove them when the
particular flotation vessel is not being used. The aforenentioned will now
be illustrated in detail with referenc&s e nonlimting draw ngs and

exanpl es. The schematic drawings show. Fig. 1; a plant systemfor

wi th met hacr yPtetatlarimny. colugnp| dit ¥hBtchr &§&e ngh i gdddtianwokkup pl ant
forface gi gl. ﬁérﬁbgm?cﬁ,: E:og. bnstRrte,7: ]_;'LEi O:he8: uppedd halff gofll &lﬂé)WSdt he
preferred ele o] p y 1 for pr in thacryli cid or
nmet hacrylic eggé@lanaﬁ?hel Irﬁtmﬁrt Ogtipof)nr ojésesgle%gg%ro ngssaecf'ﬁlé p %xﬁt system
1 has vari ousepfERt® cghristte@ MaYohbBahnat ekl tsmmerytihe aof | abeltonduct i ng
rranneL gs_ el egentts o_&bw{tz S 1&%09]@'9”19 Ttaigﬁi@lr@ﬂlt gyst egsnﬂhirmddqad@anaﬁﬁé 028
cyanohydrin p n_2 ol L. owe acet one.cyaag rin worku ,
Tl oned by AREARCRT OO | PO Toned oo an Do e b { PEATT Bt HYaror s o
50/ 50a, fol | ofied Bylenrwoirk dief epsespérthbe epttdradesylprefaeprbl 6abdW | oned in
turﬂ by ? fineopuebf E@@ht?aoaombﬁﬂemh'pgésélb@he@i@un gl %cymm{ hyl 4 th
met hacryl ate, . or _net hacry acid,i,s,present . e _pur ter/pure acid thus
obt ai ned can be ts%%tc o _zféf %r ethlgr 6§e%rs?gn%raﬁ-ﬁé’nta §BE @e’%%l Ut her
processi ng pl k@ sBTr i ncl ude in particul ar pol ymerizati on apparatus and
reactors for further organic reactions. In the polynerization reactors,

pol ynet hacryl at es, cap_be prepared. and, _.in the.reactors for.organic
reactions, thlgé pﬁlrl% n%%o?rgrgg%b?%}%“érﬂ’ Hete fcoa 'bf)bé&&(r)lﬁvgf)flgéﬂf% t her

or gani ¢ conpodhgsremieed uritherapirigedssi nghprannayr £oe exguiieay, processi ng
plants 80 is/atgef Oldcameehebyna hkbhshi nerte VEeR thBofivsthes processing
products are gglé/qlesres qu nmet hacrc%J ic acid or n?‘t hgcr%/(l [ C_ester Sa especially
met hyl net hacFFETE ct Fay "Kid o oc €8€e 8 TFEReFCPs GIva T tres,” Houl di ng
conposi ti ons, e¥apeld ality kpankdes, fdundsto shabsseful olbides pzadss and ot her

noul di ngs by siidable Rouipmer &HRnadatexhl yiensand! enefd | paextr uders,
inneret dies and the ik In addition, the

i nj ection-noul diﬂe%ngﬁch\__i nes sg &
pl ant system 9°F c&SEERERDT | STPE N phuFeE 1881 dTBYRIRT 160 For this
plant, all sulphewizllacirbgdidnits whiwde appearote beatsuexablmeforat hi s

purpose to thenpersomeskithkedebd LREhAde A G ASYldleek-AnPY i HSd P&y Ref erence
is made in this context o]

i _ . for exan’gle,,tothelgcgﬁgter 4, page 89 ff. in

Integrated POtI@ti BREEPRVeAtFbR 4Ad1EGRERBE F0Py 4fPW rate and in
order to prevent the formation of stationary phases,
preference being given to obtaining maximum wetting.
Connected downstream of the. water-ccoled heat exchanger
or the water-cooled heat exchangers may be a brine-
cooled heat exchanger, but it 1g also possible to
connect a battery of two or more brine-cooled heat
exchangers downstream. In the Dbattery of Theat
exchangers, the wvapours are condensed, provided with
stabilizer and, for example, fed to a phase separator.
‘8ince the vapours may also contain water, any agueous
phase which occurs is disposed of or sent to a further
utilization. An .example of a possible further
utilization is recycling into an esterification
reaction, for example into an esterification reaction
as has been described above. In this case, the agueous

phase ‘is preferably recycled  into the first



- 46 - Reference Docunent on Best Avalible Techniques for the Manufacture
-of Large Vol une Inorganic Chemcals - Anonia Acids and Fertelizers"
obt ai nabl e via the European Conm ssion. The sul phuric acid plant 100 is
connected to a series of other plants. For instance, the acetone
cyanohydrin preparation 20 is supplied with concentrated sul phuric acid via
A sul phuric acid line 2. Mdireover, a further sul phuric acid line 3 exists
“between the sul phuric acid plant 100 and the am dation 40. The dilute

sul phuric acid also referred to as "Spent Acid" fromthe esterification 50
(hydrolysis 50a) is transferred to the 3ulphuric acid plant 100 through the
lines for spent sulgpurLc a%id 4 and 5. In the sul phuric acid plant 100,

“the dilute SUFSESF%C %ﬁﬁ%fnbaﬁngé wor ked up. The workup of the dilute

sul phuric acid can be effected, for exanple, as described in wo 02/23088 Al

or WO 02/ 2308914l rethdv GENSInict BaaBL ant sead exgranishact yhed fxomdhe o b
ear (0] e

materi al s mhicE e fggilia% to t ogg skilled in the art and a
suitable for £ eg%%r??‘ﬁVﬁr SFPeS5e5Re RIS RRENEFEr H8I &} Qi nl ess
steel which nugedi hoparrizubthe hawe efcépeti brat errldargsistamtethdhe

regions of theopl antgndhifindr. e sonecated Middsulpbuhiie grigk and especially
wth concentra%ed su£ hgrlc agéd are.additionally Ihngd and protected with-
ceranic mat erParg®or” BF st PT5 aBAPLXTh, “Ehe FEPRALEGPTc &&i bt ai ned

in the nethackybsc aessipleantfBodlyan toe feddeviavalyet haevstic doid |ine 6
to the prepuribi-gati@n &9.cdim hameal s@ebegh1foupde t progpsefdl {1 add a
stabilizer ind catfd mmt? "S' in the acetoHe cyanohydri,n prePar tion 20,
the am dati on®48° 1 HEesPELPEF caliBH 56U FRET hyRHRALRSE980a0t t He®
prepurificatipalBedmhtdlosotehéerey gurtidfel vapbons 70emdved.he acet one
cyanohydrin preparation 20 shown in Figure 2, the acetone is provided in an

acetone vessel. 21 and the hydrocyanj c aci in a drocyani c. aci d
%he condensate %trea% obtaf%eéjérom t%% %ea% exchangers

is additionally preferably admixed with demineralized
water in such a way that sufficient sgeparating action

can be achieved in the phase separator.

The gaseous compoundg which remain after the
condensation in the heat exchanger battery may,
preferably by means of gsteam ejectors as reduced-
pressure generators, be subjected once again to a
condensation by means of one or more further heat
exchangers. It has been found to be advantageous for
economic reasong when such a postcondensation condenses
not only the gaseous substances from the
prepurification. For example, it is possible to feed
further gaseous substances to such a poétcondensation,
ag obtained from the main purification of methacrylic
esters. The advantage of such a procedure lies, for
example, in transferring such a proportion of
methacrylic ester which has not been condensed in the
main purification stage once more via the phase
separator  into the purification column in  the
prepurification. It is thus ensured, for example, that
a maximization of yield can take place and minimum
losses of methacrylic esters occur. Moreover, the

suitable selection of the design and the operation of



- 47 - vessel 22. The acetone vessel 21 has a scrubbing tower 23 which, in
its upper region, has one or nore cooling elenents 24. A series of offgas
lines 25 which stemfromvarious plants in the plant system 1l open into the
scrubbing tower 23. The acetone is fed into a | oop reactor 26 via the
acetone feed 27 and the hydrocyanic acid via the hydrocyanic acid feed 28
downstream of the hydrocyanic acid feed 28 is di sposed a punp 29, followed
in turn by a catalyst feed 210 which is followed by a static m xer 211.
This is followed by a heat exchanger 212 which has a series of flow
resistances 213 and at |east one cooliAdg Fine 214. In the | oop reactor 26,
the reaction m xtur nsi g_of_ acet one, ani c acid and catal yst
o conduct ed THEE CHPEHET BERa EonaTe b 4 4Gy 6% RRTRIFT S hdicat od by
bold lines. Felvn ptﬁégheatleewéhangéfxeszlzheacmeex@a@tsim m x$peeidlstyconduct ed
via the flow fgsi&langes o2l 089 tde £00! ikagpki aesudld;. and a portion of the
circulation streamis passed into a further heat exchanger 215 to which is
connected a collecting vessel 216 in which a nozzle 217 is present as part
of a cooling @¥irwitto 258 WieeHiag hefit vakehangahe? p@epwhi Ehedkisieps dfhe

reaction prodgct fdméﬁ%éd&y‘l’icmfe's%ra”dtﬁ@COQQEé’r Coégnte\ﬂta 31@1 ou:tﬂeet 220
which follows the caollecting vessel 216, a stabili zer \Y; 21 is

attached, i nt%St%ﬁﬁjcfﬁcﬁ‘téﬁPph%?‘?c the dCPRETF S 15FenSTan %h the
crude acetonecmmdmmn ins wonduchds mhtlmxllghmetmwllae:te mraﬂtlo t he

acetone CyanQQ%ﬂrffbé“@&%@@nﬁ@usi@ FOWRed t%ogkegeﬁéoa&$§e;ﬁyaﬂghydrln
preparation 20, the outlet 223 ns into a heat e chan%\? 51 in"which the
stream com ng’$ r O T HS BERHE e ;ﬁ%‘gﬁ’iaﬁﬁe%’of“? Réa dpddF f¥ed 32 is
connected to the $eaterexohangertldl syuatcopemsedatrabhyt hentpperuglegi on,

preferably thg,{0p {i8QihaRgeOf cézlcoiﬁ'mbﬁ%CL-gh@ cggun@ffecééh cQnf i gured as
trays. In the | ower region of .the col um wﬁgosed t he ‘col um1 bottom

35 from whi cHE* Bt o Bit PEES6~E er%f’tﬁsnﬁtﬁ’tdﬁ tlﬁe g B&Hargertest and
heats the streansheaandtetednt hheughetiel Ditaltébn23Bhe nkguedies heatseexchange
31 A pure produsladdine,d? 1 eongeked ts%pggsggﬁakysxegﬁﬂgehaél,a which is

fol | oned downstream by_the an dati on . region _of the colum 33
i s di sposed £YYFRE Lf%lﬁ ePr@»%an Eﬂnﬁbéﬁ%eritrﬁ o & h@ﬁ%’ SHGER 3% to which
a vacuum punmd3ihtageconnect geedndhdpensitien ttor m ifrtrmn aohedtsmpoectlanger 311
Bot h t he heat : t t @XEPanges onnected via
lines to a co%rﬁﬁg%\%gggg%g3%%o tlgﬁ agrggycl e Isﬁ%t%lill%elgs connected and
is connected to the |oop reactor 26 in the acetone cyanohydrin preparation
20. The am d&tdmnezd&nptm),i cted maky Fhieg advéhtsgechaas ahemcebope atarohydrin
feed 41 and ach % cqaghd egg QReN.LNto, ad.qop.Leagtor 43. The
acet one cyanohy Fi'n 41 connec e acetone cyanoh drin morkup 30
opens into tWé’“&fMScaPF of:h@ﬁ‘é’elfooﬂnr ea?ct o?U@‘HGWnst%%n ot RED 44 and
upstream-of @adeRss . 450wiipst reameak t bkSdPiaRl A4 cohbeisubphe) i ciaci d feed

42 opens out. a‘li ‘?:1'%'1’:36[\7a§151e' %afollcoxvgd do #{Zeéa l:%/ e% %ﬁxt_‘clhanger 46
ir

which in turnm opéns Into a gas separat or r'om wh a gas

outl et 48 andma afdé’é(ﬁmg te EW@W%EreHWlW@aé@éPOﬁE&b @i the 'IWT:EtefHth her

| oop reactor &AHia@finatt8i rehdas Aqeenpar abbs Honst rugt i epugo dhefirst | oop
‘reactor 43. Fromdt e further |oop reactor 410, a feed 411 enters a heat
exchanger 412 Hi“ER i s fol | owed by a gas separator 413, fromwhich to a gas
outlet 414 and an am de line 415 exit, the latter leading to the

esterificatianihydnuek¥sts: DO MWA AR rB98ry1ic 4 rer

For the fine purification of the methacrylic ester, the
crude prepurified methacrylic ester is subjected to
another distillation. This frees the crude methacrylic
ester of its high-boiling constituents with the aid of
a distillation column to obtain a pure wmethacrylic
ester. To this end, the c¢rude methacrylic ester ig

introduced into a distillation celumn, sometimes into



solvent, and an am de line 52 connected to the am dation 40 open into a
tank 53 which is heatable by a tank heater 54. In addition, an al cohol |ine
55 shown with a broken |ine opens into the tank 53. The al cohol |ine 55
opens out both in the upper and in the |lower region of the tank 53. The
first tank 53 is connected to a further tank 53', which has a further tank
heater 54', via an ester vapour line 56 indicated by a |ine of dashes and
dots. This further tank 53" too is connected to the alcohol |ine 55 both
fromthe bottomand fromthe top. The ester vapour line 56 is connected to
t he upper region of the tank 53 and'b&§n§ into a bottom57 of a colum 58.
I n addition, i r..dilute sul phurig i.d 59 i sent-4.n, the upper
regi on of thegP%nESg%P,hgé%anknu%iRagﬁareﬁgég%lg% ?%gégdgg%%i elﬁ?pse is
formed from athea®®bl e tank 53 and 54 with al cohol |ine 55 and ester vapour
line 56. It is possible for one, two or nore of such tank units to foll ow
in battery-li%gesgggQSfian” eacl %& Epes%l}angnugi%g g%orgghggiconnected
via the ester vapour e 56 tOTHE 56Tt om 57 6 FPhe €8T ' Fomthe
bottom 57 of &he cdtiem 58highhigprdssid ertol i he 5auitalde | eadstik®se he tank
53, in order gpifeed vatencapdtor gRALGes0l Yenhabadecho ddwagesdersdi cation.
In the upper gggiqgiegrefeggbl¥ the top, of the_colum.58, affi{st heat
exchanger 512°FOFT oW By a'f uPeher GHase $8par&ltor B5F3Er eCRontidtted via a
suitable |ineredetting treduep ofhehe tld undi B8 ldrdirn theldny stiheat

exchanger 512qp@rdtdcst wetRbidezesr f @R eSldhdisifyl | nzedn | BdbsasgshaM th "S")
and a further_stabilizer fgedt%w rﬁﬁl bj{aﬂ%rovi ed in order to feed an

i nhi bitor or SFPBRBTFIYES hiteh BF et et Hita&§AFEG° S Yirer i zati on. Connect ed
to the further phase separator 513 is a scrubber 516 in whose | ower region

a solvent |ing;pdef1eXitistandkepPeAsStREt ot et NEIrsQ] eBLkI eﬁré&gwid@ya heat
e,ester

exchanger 521. From the upper region of the scrubper 51 ac

e ovit s aniP T i R edf b oarlip 8L ThE ERertiled SHHER8C ol ne
59 exiting frepredr upherld egoon oin theet apkubls. offhef ddwal tamkced t he | ast
tank unit 5101 0pensd N 0 cAnbhobation, vaessgl =D dolcer ermyal o¢f the solids
and constituent s%al\ nscil.ubl e I n_the spent ggi .- Fromt hs flotatjon, vessel

519, a spent SerETULIEt 520°8HtEF's t he "SafBhuri FEECE Sl ant 199" and a | ow
boi | er vapourp¢lyee5zatibinch dbrductis: t heudrow beidd ngteonskpemeivs, for
further workup-sngddieey ChhMbiowid efsat heg8t8si fdrcatiONgpFhepesieL wor kup
shown in Figure 6 i.s cqnnected to the esterificacion 50 via a crude ester
line 61, the &#ide ]%Jscfcg?eqﬁe PY& T T4 owﬁ“ﬁeoﬁi QOFe- gD % a vacuum
distillation toimaticd?. ofThisad ospareH2ihasbobhuivy idesepgnalsd6dyardd a bottom

heater 64 arrangediidhet hSod.anend egb@l e thge CoLimn82. <ff om fhe, | ower
regi on of the colum 62 which constitutes the bottom of, this colum,

an
ester outlet ¥FEXFIE Bhehs? i Attt HeeHst IO PHut 1Tt ih Fortand hence
feeds the crugemssirer fluekdngf ofowhkoick@usntoahlieckpaei pliry fotathon. I n the
upper region D 62, al i op; - a fhl: eat changer
66 is connect%%h%ﬁg gﬁtggﬁTg%,Eggyhrégoﬁgﬂ%gggﬁerl%e§¥m3%&ﬁghge€§%r a
plurality of HeHtenStehdh§ec®lBrnghiel &pFef 6PFavederyces piasd! s&har at or 69.
I'n the phase &efiamaidore9, tidesSi4eaiy 68F atife t BE1 Wit e &= Npn from t he
heat exchanger., 67 .i s divided.into. nLc_and ague ituents, a
recycle line %%%?ﬁﬁ? ‘hgﬁﬁpﬁggupegﬁgﬁg 5?%6 @oﬁnggtgﬁg?%ggﬁé1%%&%%eseparator
69 and openi MGUEY nsYdHe tpper beagilon &ty t BeadolspAre62. din Phkteower
region of theyxsepasatari, arsaher @Utdigls 601, stipk eseMim@ngnepensisnto the
esterificatian 5Qbin or der Rg feed the mg%er renqye back to the,
esterificati oY AF edUaA i esr 8°GeAEPAISF 613 1% CHNnERtEH t6'3 he heat
exchangers 66t GPtetaadheeton esepressina: lddes8dR. seam§lhavesser wor kup
GO opens into a4 sfpddat bon LolcwmmpTd. i . LAMPELSES 8 RidH ahbty Of
colum internals. 71 _and, in the |ower region of the distillation colum 71,
a col um bot tRﬁﬁft‘?éfé’lbg.V 75 1556 tar@l’ttop“?ebﬁ"%?ﬁﬂfptﬂ?é‘sdifﬁri 14 &i%n col um.
71, a pure estdresiaposeahi hengdhentles sleandtlr sif hdmtseeXchangept Y7anshi ch i s

fol |l owed by ( r gﬁ?g:19§%hqgg§g 6 i r nected to-
a reduced-pres uﬁ%gdgﬁgggﬁ%ygégg{ The outlet o fﬁ% ?%T%%%?Qh%%§9€xchanger

76 has a |inetFr-omuRficcRPIYi Rt Lgashn 280kEr 2PEc F8Pe™PrRePYZEBPRASY i nto t he
upper regi on,atorldaito ddaett gps, obuthgetieshilll, ahbdnment ubla 1959 hef est er
recycle line 77 has a stabilizer netering point 79 which is disposed in the
ester recycle line 77 upstreamof a mxer 78. Secondly, fromthe |ine of
the further heat exchanger 76, a pure ester outlet 710 exits. An additional
heat exchanger 711 and anot her heat exchanger 712 are connected to this in
series connection. These are followed by a nol ecul ar sieve vessel 713 which
has nol ecul ar sieve packings 714. Purified further by the nol ecul ar sieve,



- 52 - constituents can be recycled via a high-boiler
| oner region of the cyclone 81 and the upper region of

| i ne connected to the
the reactor 53 into

the reactor. The gaseous constituents of the vapours are sent to an
azeotropic distillation in a distillation columm connected downstream of
the cyclone 81. The azeotropic distillation is perfornmed by nmeans of the

steaminitially fed into the reactor 53 via a vapour i

nl et 87 or the porous

body 84, which is fed to the cyclone 81 or to the colum 58 via the vapour

line- 82. - 53 - Reference nuneral I[§%91Qlant system

2Sul phuric acid |line

3Further sul phuric acid line

the adhesion seam length. Another design measure may be
that, in the internal regions of the column, especially
those which come into contact with the wethacrylic
esters, less than about 50%, preferably less than about
25% and more preferably less than about 10% of all
surfaces, especially of column internals, run
horizontally. For example, the stubs which open into
the interior of the column may be configured conically
or with obligque surfaces. Another measure may consist
in keeping the amount of liguid mwmethacrylic ester
present in the column bottom as low as possible during
the operation of the column, and secondly in preventing
overheating of this amount in spite of moderate
temperatures and large evaporation surfaces during the
evaporation. It may be advantageous in this context
that the amount of ligquid in the column bottom makes up
in the range of about 0.1 to 15% and preferably about 1
to 10% of the total amount of methacrylic ester in the
column. The measures proposed in this paragraph may
also find use'in the distillation of methacrylic acid.

"In the purification of the methacrylic ester, its high-

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

with wall temperature of less than about 120°C.

The material obtained in the column bottom is
preferably removed continuously and cooled by means of
a heat ‘exchanger or a battery of several heat
exchangers to a temperature in a range of about 40 to
about 80°C, preferably about 40 to about 60°C and more
preferably in a range of about 50 to 60°C.

This material, which comprises predominantly

methacrylic ester, hydroxyisobutyric ester, methacrylic
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aclid and stabilizer components, ié subsequently, wvia a
storage vessel, for example, disposed of or sgent to

- another use. It has been found to be advantageous in
many cases when the material obtained in the column
bottom is recycled into the esterification reaction.
For example, the material from the column bottom is
recycled into the first esterification tank. This gives
rise to the advantage that, with a view to a very
economically viable method and a wvery high vield,
relatively high-boiling compounds present in. the column

bottoms are recycled into the esterification reaction.

At the top of the c¢olumn, the methacrylic ester
purified by distillation is withdrawn and cooled by
means of a heat exchanger or a battery of two or more
heat exchangers. The heat of the vapours can be removed
by means of water-cooled heat ekchangers or by means of
brine-cocled heat exchangers or by means of a
combination of the two. It hag been found to be useful
in some cases when the vapours from the distillation
column are transferred into twovor more heat exchangers
connected in parallel, which are operated by means of
water cooling. The uncondensed fractions from - the
water-cooled heat exchangers c¢an, for example, be
introduced into a brine-cooled heat exchanger or a
battéry of two or more brine-cooled heat exchangers,
which may be arranged in series or in parallel. The
condensates obtainable from the heat exchangers are
introduced into a collecting wvessel and sent to a
buffer vessel by means of a pump via a further heat
exchanger or a battery' of two or more further heat
exchangers.  The condensate gstream 1is cooled, for
example, by means of a battery of one or two water-
cooled heat exchangers and one or two brine-cooled heat
exchangers down to a temperature in a range of about 0
to about 20°C, preferably about 0 to about 15°C and

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



80Furt her processing plant 90Fi ni shing 100 Sul phuric acid plant 21 Acetone
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A part-stream is withdrawn from the condensate stream
and is recycled into the distillation column via the
top of the éolumn. The condensate stream ban be fed
into the top of the column in principle in any way, for
example via distributors. However, it may be
advantageous when a portion of the condensate stream is
fed into the wvapour line above the top of the column,
for example sprayed in. It 1is also preferred that this
feeding also introduces stabilizer into the top of the

column.

A further part-stream of the condensate intended for
recyceling inﬁo the column can, for example; be branched
off into the vapour 1line before introduction and be
introduced directly inte the top of the column. Here
too, it 1is preferred that this -feeding introduces
stabilizer into the top of the c¢olumn. The introduction
into the tép of the column can be done, for example, in
gsuch 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
methaérylic egster can polymerize. It may additionslly
be advantageous to add a stabilizer for preventing

polymerization to a condensate part-stream which is

recycled into the column. This can be done, for
example, by adding an appropriate amount of
polymerization inhibitor as stabilizer to the

condensate part-stream intended for spraying of the top
of the column. It has been found to be advantageous in
gome c¢ases when the condensate part-stream, after the
addition of the stabilizer but before entry into the
top of the column, passes through a suitable mixing
apparatus, preferably a static mixer, in order to
achieve very uniform distribution of the stabilizer in

the condensate part-stream.
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The uncondensable gaseous substances which are obtained
in the purification process are, for example, sent to

disposal.

The crude product presgent in the buffer vessel is kept
with the aid of a brine cooler at a temperature of
about -0 to about 20°C, preferably about 0 to about 15°C
and more preferably in a range of about 2 to 10°C."

In order to remove any further impurities £from the
product and to arrive at ultrapure alkyl methacrylates,
the product can also be sgsubjected to an absorptive
purification stage. It has been found to be useful, for
example, when the pure producﬁ as a whole, or at least
a portion of the pure product, is purified further with
the aid of a molecular sieve. Particulaxly 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 caseg 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 gtreams obtained in the workup comprige
predominantly polymerizable compounds. In order to, as
already described more than once in this text, prevent
the formation of calm zones, it has been found to be
advantageous in the case of the process described here
too when the parts of the plant which come into contact
with methacrylic ester are constantlyvflowed over with
methacrylic ester. In a further embodiment of the
process presented here, a part-stream of methacrylic
ester is therefore withdrawn downstream of the buffer
vessel but upstream of the adsorptive purification

stage in order to be flushed over the top regions of
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those heat exchangers which take wup the wvapours
stemming from the distillation column.

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

Stripping of the consumed acid

In the process presented here, it may be advisable, for
example, in a further process element, to subject the
consumed sulphuric acid obtained in the process to a
purification in order to subsegquently recycle it back
into the process. In this case, for example, a stream
comprising congumed sulphuric acid, as can be obtained
from the esterification, can be contacted with steam in
a flotation wvesgel. 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 vapoﬁrs are subseguently condensed in a heat
exchanger, preferably with water cooling, cooled and

recycled into the esterification reaction.

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

from the esterification (a  mixture of water and



223 Qutlet 31 Heat exchanger 32 Vapour feed 33Col um 34Packi ngs 35 Col um
bottomw th heat exchanger 36Bottons outlet 37Pure product |ine 38Tops
out | et

- 44 -

predominantly methanol) is recycled into the
esterification process together with the methacrylic
acid and methacrylic ester stemming from exactly this
process. In the stripper, the above-described flotation
affords mixtures of acid and solids. After their
removal, these are sent to any £further use or to
disposal. It is possible, for example, to incinerate
the regulting mixture in a cleavage plant and hence to
obtain sulphuric acid again. and in order to recover

some of the energy used in the process.

The uncondensable gaseous compounds obtained in the
stripping are sent to any further use or disposed of.

- The plant described here for removing solids from the
consumed acid and for vrecycling material from the
esterification process into exactly this process can
alsc be performed, for example, twice for reasong of
operational reliability. For. instance, the two or more
flotation wvessels can be used offset in time. Since
solids «can settle out in these vessels, 1t 1is
advantageous to remove them when the particular

flotation vessel is not being used.

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

The schematic drawings show:

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

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

Fig. 5: an esterification plant,

Fig. 6: a plant for prepurifying the ester,

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

: a section from Fig. 5.
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Fig. 1 shows the preferred elements of a plant system 1
for preparing methacrylic acid or methacrylic esters
and their further processing products. The plant system
1 has various plants connected to one another usually
in a fluid-conducting manner as elements of this
gystem. This plant system includes acetone cyanohydrin
preparation 20, followed by acetone cyanohydrin workup
3¢, followed by an amidation 40, followed by an
esterification/hydrolysis 50/50a, followed by a workup
for ester or methacrylic acid 60, followed in turn by a
fine purification 70, after which the ester, usually
methyl methacrylate, or methacrylic acid is present.
The pure ester/pure acld thus obtained can be sent to a
further processing plant 80. Useful further processing
plants 80 include in particular - polymerizatioﬂ
apparatus and reactors for further organic reactions.
In the polymerization reactors, polymethacrylates can
be prepared, and, in the reactors - for organic
reactions, the pure wmonomers 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
procesgsing products are polymers of methacrylic acid or
methacrylic esters, especially methyl methacrylate,
they are processed further to give fibres, moulding
compoesitions, especlally granules, films, slabs,
automobile parts and other wmouldings by suitable
equipment such as extruders, blown-film extruders,
injection-moulding machines, spinneret dies and the
like. In additibn, the plant system 1 invnmny cases
comprigses 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 Contrel - Draft
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Reference Document on Best Avalible Techniques for the
Manufacture of Large Volume Inorganic Chemicals -
Amonia Acids and Fertelizers” obtainable via the
FEuropean Commission. The sulphuric acid plant 100 is
connected to a series of other plants. For instance,
the acetone cyanohydrin preparation 20 is supplied with
concentrated sulphuric acid via a sulphuric acid line
2. Moreover, a further sulphuric acid line 3 exists
between the sulphuric acid plant 100 and the amidation
40. The dilute sulphuric acid also referred to as
“Spent Acid” from the esterification 50 (hydrolysis
50a) 1g transferred to the sulphuric acid plant 100
through the lines for spent sulphuric acid 4 and 5. In
the sulphuric acid plant 100, the dilute sulphuric acid
can be worked up. The workup of the dilute sulphuric
acid can be effected,A 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 gkilled -in the art and appear to be
suitable for the particular stresges. Usually, the
material 1s 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 plastiés. 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  “8~” in the acetone cyanohydriﬁ
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
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vessel 22. The acetone vessel 21 has a scrubbing tower
23 which, in its upper region, has one or more cooling
elements 24. A sgeries of offgag lines 25 which stem
from various plants in the plant system 1 open into the
scrubbing tower 23. The acetone is fed into a loop
reactor 26 via the acetone feed 27 and the hydrocyanic
acid via the hydrocyanic acid feed 28 downstream of the
‘hydrocyanic acid feed 28 ig disposed a pump 29,
followed in turn by a catalyst feed 210 which is
followed by a static mixer 211. This ig followed by a
heat exchanger 212 which has a series of flow
resistances 213 and at least one cooling line 214. In
the loop reactor 26, the reaction mixture consisting of
aéetone, hydrocyanic acid and catalyst i1s conducted in
a circuit to a considerable degree, which is indicated
by bold 1lines. From the heat exchanger 212, the
reaction mixture is éonducted via the flow resistances
along the cooling lines 214, and a portion of the
circulation stream 1is passed into a further heat
exchanger 215 to which is connected a collecting vessel
216 in which a nozzle 217 is present as part of a
cooling circuit 218 with a heat exchanger 219, which
keeps the reaction product firstly in motion and
secondly cool. Via an outlet 220 whichk follows the
collecting vesgsel 216, & stabilizer wvesgel 221 isg

~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 wvapour feed 32 1is connected to the heat
exchanger 31 and opens out in the 'upper region,
preferably the top region, of a column 33. The column
33 has a multitude of packings 34 which are usually-
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configured as trays. In the lower region of the cclumn
33 is digposed the column bottom 35 from which a
bottoms outlet 36 leads into the heat exchanger 31 and
heats the streams conducted through the outlet 233 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 wvia lineg to a cooling vessel 312 to
which a recycle line 313 1s connected and is connected
to the loop reactor 26 in the acetone cyanohydrin

preparation 20.

The amidation 40 depicted in Fig. 4 first has an
acetone cyvanohydrin 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 i1s followed
downstream by a heat exchanger 46 which in turn opens
~into a gas separator 47 from which, tirstly, 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 gas_outlet 414 and an amide line
415 exit, the latter leading to the
esterification/hydroleis 50/MAA plant 50a.

Figure 5 shows the esterification 50, din which a

‘solvent 1line 51 which conducts water and organic
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golvent, and an amide 1line 52 connected to the
amidation 40 open into a tank 53 which is heatable by a
tank heater 54. In addition, an alcohol line 55 shown
with a broken line opens into the tank 53. The alcohol
line 55 opens out both in the upper and in the lower
region of the tank 53. The first tank 53 is connected
to a further tank 53’, which has a further tank heater
547, 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 presentvin the upper region of the
tank 53‘. A tank unit 510 encircled in a dotted ellipse
ig 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 wvia the ester vapour 1line 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 wvia a sguitable line. Both at the top of
the column 58 and in the first heat exchanger 512, a
first stabilizer feed 514 (stabilizer indicated with
“37) 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 sgolvent line 517 exits and opens out in
the solvent line 51 wvia 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
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acid line 59 exiting from the upper region of the tank
53’ or of the tank of the last tank unit 510 opens into
a flotation vessel 519 for removal of the solids and
constituents insoluble in the gpent acid. From the
flotation wvessel 519, a spent acid outlet 520 enters
the sulphuric acid plant 100, and a low boiler wvapour
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 célumn 62 Thas
column internals 63 and a bottom heater 64 arranged in
the lower region of the column 62. From the lower
region of the column 62 which constitutes the bottom of
this column, an ester outlet 65 exits, 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,
ag are one further heat exchanger or a plurality of
heat exchangers 67 which are followed by a phasé
geparator 69. In the phase separatcr 69, the stream €8
and the mixture stemming from the heat exchanger 67 is
divided into organic and agueous counstituents, a
recycle line 611 in the upper region being connected to
the phase separator 69 and opening out in the upper
region of the column 62. In the lower region of the
geparator, a water outlet 610 is present and opens into
the esterification 50 'in order to feed the water
removed back to the esterification. A reduced-pressure
generator 613 is connected to the heat exchangers 66

and 67 via a reduced-pressure line 612.

In Figure 7, the ester outlet 65 stemming £from the
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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, & pure ester wvapour line 74
enters a first heat exchanger 75 which is followed by
one (or more) further heat exchangers 76 which are
connected to a reduced-pressure -generator*_717. The
outlet of the further heat exchanger 76 has a line from
which, firstly, an ester recycle line 77 opens into the
upper region, or into the top, of the distillation
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
series connection. These are followed by a molecular
gieve vessel 713 which has wmolecular sieve packings
714. Purified further by the wmolecular sieve, the
ultrapure ester is transferred through the ultrapure
ester outlet comnected to the molecular sieve vessel

into the further processing plant 80.

In connection,with'the gection, shown in Fig. 8, £from
an esterification shown in Fig. 5, reference is first
made to the remarks in Fig. 5 to which the following is
added: alcohol, preferably methanol, is fed through a
porous body 84 configured as a glass £frit dinto the
reactor 53 which is heatable with a heater 54. The
porous body 84 may also serve as the wvapour inlet.
Alcohol is also fed in via a spraying device 85, which
is preferably érranged as a spray ring in the region of
the 1id of the reactor. The reactor 53 ig connected via
a vapour line 82 to a cyclone 81, in which the gas-
liguid mixture which forms the wvapours is separated

into gageous and liquid congtituents, and the liguid
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constituents can be recycled via a high-boiler line
connected to the lower region of the cyclone 81 and the
upper region of the reactor 53 into the reactor. The
gaseous constituents of the wvapours are sent to an
ageotroplie distillation in a distillation column
connected downstream of the cyclone 81. The azeotropic
distillation is performed by means of the steam
initially fed into the reactor 53 via a vapour inlet 87
or the porous body 84, which is fed to the cyclone 81
or to the column 58 via the vapour line 82.
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Reference numeral list

1 Plant system

2 Sulphuric acid line

3 Further sulphuric acid line

4 Spent.sulphuric acid line - ester
5 Spent sulphuric acid line - acid

6 Methacrylic acid line

20 Acetone cyanohydrin preparation
30 Acetone cyanohydrin workup

40 Amidation

50 Egterification

50a Hydrolysis

60 Prepurification

70 Fine purification

80 Further processing plant

90 Finishing

100 Sulphuric acid plant

21 Acetone vesgsel
22 Hydrocyanic acid vessel ' %
23 Scrubbing tower :
24 Cooling elements

25 Cffgas lines

26 Loop reactor

27  Acetone feed

28 Hydrocyanic acid feed

29 Pump
210 Catalyst feed
211 Mixer

212 Heat exchanger
213 Flow resistance
214 Cooling lines

" 215 Heat exchangér
216 Collecting vessei
217 DNozzle
218 Cooling circult,

219 Heat exchanger



86 Heating region 87 Vapour inlet _ 57 0 Cains 1.Process for preparing
~al kyl methacrylates, conprising as steps: i. providing aft acetone
‘cyanohydrin; ii. contacting the acetone cyanohydrin with an inorganic acid
to obtain a nmethacryl am de;

220 OQutlet

221 Stabilizing vessel
222 Sulphuric acid feed
223 Outlet

31 Heat exchanger

32 Vapour feed

33 Column

34 Packings

35 Column bottom with heat exchanger
36 Bottoms ocutlet 7
37 Pure product line
38 Tops ocutlet

39 Heat exchanger

310 Vacuum punmp

311 Heat exchanger

312 Cooling vessel

313 Recycle line

41 Acetone cyanohydrin feed.
42 Sulphuric acid feed
43 Loop reactor

44 Pump

45 Mixer

46 Heat exchanger

47 Gas separator

48 Gas outlet

49 Feed
410 Further loop reactor
411 Feed

412 Heat exchanger
413 Gas separator

414 Gas outlet

415 Amide line

51 Solvent line

52 Amide line

53 First tank

54 First tank heater
53’ Fudrther tank



iii. contacting the netbacrylam de with an alcohol in the presence of an
inorganic acid in a reactor to obtain an al kyl nethacrylate; iv.
continuously discharging at |least a portion of the alkyl methacryl atefrom
thereactorinto a distillatiOn colum as a vapour stream conprising an
azeotrope of at least the al kyl nethacrylate and water; and

separ at i ngt heazeot r opef rom hi gher boiling conponents of the vapour stream
in the distillation colum; wherein in the battery of reaction tanks,
overflow of each tank is successively passed to the next tank, each tank is
steam heated, a tenperature of the firsis and second tank is 100 to about
180C and a tenperature of the third tank and an optional fourth tank is
about 120 to %40C Ferfracessikateerding to Claim 1, wherein the inorganic
acid is sul phygi ¢ gEbdhoB-1RRCess according to Caim1l or 2, wherein the

al cohol . .
56 Ester wvapour line

57 Column bottom

58 Column

59 Spent acid line

510 Tank unit

511 High boiler line

512 Heat exchanger

513 Phase separator

514 Stabilizer feed

515 Further gtabilizer feed
516 Extraction column

517 Solvent line

518 Crude ester line

519 Flotation vessel

520 Spent acid outlet

521 Heat exchanger

522 Low beoiler 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 Digtillation column

72 Column internals

73 Column bottom heater
74 Pure ester wvapour line
75 First heat exchanger



is fed into a lower region of the reactor. 4.Process according to Claim 3,
wherein the alcohol is fed in through a porous body. 5.Process according to
one of the preceding clains, - 58 - wherein the alcohol is fed in in an
upper region of the reactor. 6.Process according to one of the preceding
clainms, wherein a distillation is effected at a tenperature in a range of
50 to 120C in the distillation colum.

- 56 -

76 Further heat exchanger

77 Ester recycle line

78 Mixer

79 Stabilizer metering point
710 Pure ester outlet

711 Additional heat exchanger
712 Other heat exchanger
713 Molecular gieve vegsgel
714 Molecular sieve packings
715 TUltrapure ester outlet
716 High boiler line

717 Reduced-pressure generator
.81 Cyclone

82 Vapour line

83 High boiler line

84 Porous body

85 Spraying device

86 Heating region

87 Vapour inlet



7: Process according to one of the preceding clains, wherein an azeotropic
distillation is effected in the distillation colum. 8. Process according
to one of the preceding clains, wherein a high boiler streamis recycled
into the reactor fromthe distillation colum. 9. Process according to one
- of the preceding clainms, wherein the vapour streamis fed into the
~distillation colum in a circular notion. 10, Process according to one of
the preceding cl ains, wherein the wagour-°stream passes through a separator
upstreamof or in the distillation colum. 11-. Apparatusforpreparing,

al kyl met hacryl ates, conprising, connected to one another in.

fl ui d- condleimsng form

1. Process for preparing alkyl methacrylates, comprising
as steps:
i, providing an acetone cyanohydrin;

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

- 1ii. contacting the methacrylamide with an alcohol in the
presence of an inorganic acid in a reactor to obtain
‘an ‘alkyl methacrylate; _

iv. continuously discharging at least a portion of the
alkyl methacrylate from the reactor into a
distillatiOn column as a vapour stream comprising an
azeotrope of at least the alkyl methacrylate and
water; and ‘ '
separating the azeotrope from higher boiling

components of the vapour stream in the distillation
column;

wherein in the battery of reaction tanks, overflow of
each tank is successively passed to the next tank, each
tank is steam heated, a temperature of the first and
second tank is 100 to about 180°C and a temperature of
the third tank and an optional fourth tank is about 120
to 140°C.

2. Process according to Claim 1, wherein the inorganic
acid is sulphuric acid.

3. Process according to Claim 1 or 2, wherein the alcohol

is fed into a lower region of the reactor.

4. Process according to Claim 3, wherein the alcohol 1is
fed in through a porous body.

5. Process according to one of the preceding claims,



a plant elenent for preparing acetone cyanohydrin, followed
el enrent for preparing nethacrylam de, followed by; a plant
preparing al kyl nethacrylate, optionally followed: by;

for purifying the alkyl nethacrylate, the plant element for

by; a pl ant
el ement for
a plant el ement
preparing al kyl

met hacryl ate conprising - 59 - at.-|least one reactor, followed by at |east
one distillation colum. 12. Apparatus accordpng to Caim1l1ll, wherein a

separator is disposed between the rea&d or® and the distillati

on col um.

wherein the alcohol is fed in in an upper region of the

reactor.

6. Process according to one of the preceding

claims,

wherein a distillation is effected at a temperature in a

range of 50 to 120°C in the distillation column.

7 Process according to one of the preceding
wherein an azeotropic distillation is effected

distillation column.
8. Process according to one of the preceding
wherein a high boiler stream is recycled into the

from the distillation column.

9. Process according to one of the preceding

claims,

in the

claims,

reactor

claims,

wherein the wvapour stream is fed into the distillation

column in a circular motion.

10. Process according to one of the preceding

claims,

wherein  the vapour stream passes through a separator

upstream of or in the distillation column.

11. Apparatus for preparing - alkyl methacrylates,

comprising, connected to one another in fluid-~conducting

form:

= a plant element for preparing acetone cyanohydrin,'

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

followed

- a plant element for preparing alkyl methacrylate,

optionally followed by;

= a plant element for purifying the alkyl methacrylate,

the plant element for preparing alkyl methacrylate

comprising



'13. Apparatus according to Caim11 or 12, wherein an alcohol feed line is
di sposed in a |lower region of the reactor. 14. Apparatus according to
Claim 13, wherein the alcohol feed line in the reactor has a porous body.
15. Apparatus according to one of Clains 11 to 14, wherein a sprinkling
device is provided in an upper region of the reactor. 16. Process for
preparing polyners based at |east partly on adkyl nethacrylates, conprising
the steps of: a. preparing an al kyl- et hacryl ate by a process according to
one of Clainms 1 to 10; b. polynerizing the al kyl nethacrylate and
optionally a conononer; c. working up the alkyl nethacrylate. 17.

Pr ocessac<or diangtogad sti mrikd, sderteimt followed by

- at least one distillation column.

12. Apparatus according to Claim 11, wherein a separator
is disposed between the reactor and the distillation
" column.

13. Apparatus according to Claim 11. or 12, wherein an
~alcohol feed line is disposed in a lower region of the
reactor.

~14. Apparatus according to Claim 13, wherein the alcohol
feed line in the reactor has a porous body.

15. Apparatus according to one of Claims 11 to 14, wherein
a sprinkling device is provided in an upper region of the
reactor.

16. 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 one of Claims 1 to 10;

b. polymerizing the alkyl methacrylate and optionally a
comonomer;

C. working up the alkyl methadrylate.

17. Process according to Claim 16, wherein the

polymerization is effected by free-radical polymerization.

18. Use of an alkyl methacrylate obtainable by a process
according to one of Claims 1 to 10 in fibres, £films,
coatings, moulding compositions, mouldings, papermaking
auxiliaries, leather auxiliaries, flocculants and drilling

additives.



pol ynmerization is effected by free-radical polynerization. 18. Use of an
al kyl nethacryl at e obtai nable by a process according to one of Clains 1to
10 in fibres, filns, coatings, noul ding conpositions, noul dings,

papermaking - 60 - 19. Fibres,filns, coatings, noul di ngconpositions,
moul di ngs, papernmaking auxiliaries, |eather auxiliaries, flocculants and
drilling additives which are based on an al kyl, methacryl ate obtai nable by a

process according to one of Cains _1dp k0.

19. 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 one
of Claims 1 to 10.



