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Met hod for producing nethacrylic acid The present
invention relates to a process for preparing .
methacrylic acid and to a systemfor performng this
~process. 5 Processes for preparing nethacrylic acid
known for some ting. A customary pr
wo é@?ﬁ&@?@'gl n the controlled gii dati on of hydroggﬁglglégooglong‘l
gases, for exanple propyl ene or butyl ene. _
D sadvant ages of this process are the yields obtained
t hereby, which are rather | ow when viewed overall. 10
In addition, nethacrylic acid can be obtained by the
reaction of nmcblasd YoRHSudhgmBBiAIrylid Aickd process is
descri bed especially in US 7,253, 307. According to
this publication, the reaction of the (rjret haﬁryl am de
| . f t [ tilrre ank .r eact or
The pitseht fiiiofl 12t 612 BRicER a8 FePhlhg Riuhapyic 836 dha o a
systemdof penfiorngng ieis peaeddson at a 15 pressure in the range
of 3.65 to 7.70 bar and a tenperature in the range of
50 to 210C. There is no reference to pressure or

L cT el ot in thi
ocek SRR B ALSEAPES N AR 0B 6158 vsorm
procegurepEnisisis imﬂwbamnyﬂﬁilled ﬁ:&idﬁti@hrcﬁ?%!rd;%@lﬁbri@aéé&@@ﬁé‘xample

[ | i ' . wever .
ey e LB TR, St BB PO inn vy
whichf‘éP@FEtﬁé‘rl loWWHER LIewdt 6VbrSfr ves as a starting material

or many inportant products. Therefore, a maxi mum
yield, a particularly high purity coupled with | ow

In adoBieft Belhadt Ve Sk Fiamsie SRS Bk e tsacdie o7 arethssylarmide with
water. el pRfcesE Ve Bed @ibrll epatiaiiyan lus TRsavelE 'N%PW%I@]@ to this

regard to the 25yields, thé service lifes
publicafipsy, #ims reactien of the metbeeykniidamithegatesadntbe effected in a stirred

igni fic vance wth regard to.the waste vyol unes
tank reZarc]; t({{ & @@g@?g%; Sk %\Fggqrgpcg IS given to performing t%e reaction at a
pressure in the range of 3.65 to 7.70 bar and a temperature in the range of 50 to

210°C. There is no reference to pressure or temperature differences within the reactor

in this document.

The processes described in US 7,253,307 for preparing methacrylic acid already lead
to good yields coupled with a high purity. However, methacrylic acid is an important
product in the chemical industry which serves as a starting material for many important
products. Therefore, a maximum yield, a particularly high purity coupled with low
preparation costs, is essential for the economic success of a preparation process for
such an important product. Even relatively small improvements with regard to the
yields, the service lifes of the systems or similar process features lead to a significant

advance with regard to the waste volumes and the preparation costs.

In view of the prior art, it is thus an object of the present invention to provide a process
for preparing methacrylic acid which can be performed in a particularly simple and
inexpensive manner. In this process, especially the yield, the purity and the service life

of the system for preparing methacrylic acid are to be increased. In addition, formation
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In view of the prior art, it is thus an object of the
present invention to provide a process for preparing
nmet hacrylic acid which can be perfornmed in a

particularly sinple and 30i nexpensive manner. In this

especially the yield, the purity and
Wo zg)rg%@ﬁgl fg of the system fGr preparing net hggﬁFPgOOQIOSOZM
acid are to be increased. In addition, formation of
undesired by-products is to be mnimzed. It was
therefore a further object of the present invention to
provide a system for preparing nethacrylic acid which

of unduEiieldesy-prydyictsiend Prshitempiedd HaydPihepéfor® b faghet disject of the
acid. 5 These objects, and further objects which are

preseRbinventerép Brgyidea systeputorwrieraring eet licead yhich enables very
. i: ol . t he connections di scussed
meXp%‘ééf'gfgEP%@C&gb%gﬁél{ﬁ?#’&%%?ﬁOn, are achieved by a

process having all features of Claim1l. Appropriate
ificatigons to the praqocess according to

th
Thesq RbIEAtS, 7O dvahes ieei o i o5 Do et SXRICHSg athich are
immed Bl ¥FIER oFbisREe Bl O B GoRn AE: oo Bl a8l ) Wy of

introduchicen teire achieved diyrepprocesohadieg il featres of Diinrpt efuasroptiate
nmet hacryl am de with wate

modif@ﬁ@gﬂé{%@egqrg%g%éﬁgﬁtg#ﬁg eRe INVGRLIPR @ Pretepiedan sui)’claims. With

J . ChEr L7 it _
egerd UPH e N RS R ot Bl i
probleinm of Indevest.r ecti on of the reaction mixture. As a result
of these nmeasures, it is surprisingly possible to
provi de a process for preparing nethacrylic acid which

The pRaengirahtibs HtesiihgPHpriviied 4 9rdticRbitbeplpaPhg Peéthh88sic acid
I't is surprisingly possible through the process

reactingcethagigamide withi wiatentthe wonvelsiarpbeing Efiestdthcontinuously in a

i d.i part | Ly _sinpl f d i ive .. .
s BT B R 8L R S i e
tubulal redceasiA flddediyédtion, oftthe réadtidnymaderet he service life of

the system for preparing nethacrylic acid.
Furthernore, the formation of undesired by-products

As a rédtllt of these measures, it is surprisingly possible to provide a process for
preparing methacrylic acid which has a particularly outstanding profile of properties. It is
surprisingly possible through the process according to the invention to prepare
methacrylic acid in a particularly simple, safe and inexpensive manner. In the process, it
is possible, inter alia, to increase thé yield, the purity and the service life of the system
for preparing methacrylic acid. Furthermore, the formation of undesired by-products can
be minimized by the process of the present invention. Preferred systems for performing
the process of the present invention can make a contribution to the advantages

mentioned in a not immediately foreseeable manner.

According to the present process, methacrylic acid is obtained by reaction of

methacrylamide with water. This reaction can be referred to as hydrolysis or

_saponification.
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be m nim zed by the process of the present invention.
Preferred systens for perform ng the process of the
present invention can nake a contribution to the
advant ages 25 nmentioned in a not inmediately

| e manner. According to the present

wo Z@ng?’? ic acid is obtai nedgby reacti on of ﬁb‘n‘ﬁ?ﬁfoog/osozg4

nmet hacryl am de with water. This reaction can be
referred to as hydrolysis or saponification.
According to the invention, the conversion is effected
continuously in a tubular reactor. The terns
“continuous” and "tubul ar reactor” are known in the

technical field. Continuqus reactions are understood
Accordigigeleithe invangoretiie qawersiomss eieaiad cantiiRyshhine Biuiar reactor.
i . ,
The e SRR AIS G Sy IRt KR I REhi L et

Contiramusrreaetiaris dreasidersioodudspleaially ¢ ntwan reastioedirt Weich reactants
ctipon can roceed. These reactors typically have a
are aqagd-ANq BIofuStsed eEmYSATRIitha reagtiondsixire Qugprriplonged
period® %bﬁla@rré?&eﬁg’@drﬁ@ﬁé’tg Ly Ie'agﬂbn& %ﬁuléﬁe@ﬁ:ﬁﬁﬂt\hﬁbh 4 Fdifetion can
success of the inVention that there IS a pressure

proceedd f Flegserreactairs hipicallyehavetatedativetyasinmple icon$trastion, and so the
action mxture. This pressure

it gi r%cti on of tfle [%el
CapiayceFe AERERMPAFRUVEN IOW-al i a, be achi eved t hr ough
di fferent subregions within the tubular reactor which
are delimted fromone another, for exanple by val ves.
It is egsgntialppdhe suecessndfdbieimvantion thakthere isempréssuemdifienence within

the tuflaeeaErE o AlratfiotER e Fsoudth MHLE T b B iR HlfSiance
can, iréi gIi, bai dAdhes\esacrouyH biﬁé’réﬂtfs@wéqz@ns WRRBINPtheEbGI8r reactor which
difference between the inlet of the reactants and the

are defipitedfrash oppengihriutarexampte biyealvasuima prefesiesrembodioent of

itical ¢Der.se f e . .
te préde B Rk 40 PR B0 Bhregouyeyin whic
case thpe esesoiion rdixtirerpeiseess thmough er heighdiifbicticeh Ed@ldifection.

difference is in many cases associated with high

capi tal costs. Unexpected advantages can be achi eved

Tho SRRt 0Bk VT8 A1 089y 88 o

produgts &ber thiel tubalar reactor ib. fiotleditical oer g, GaRighethgraaiViadtiges of the
assume any form for exanple a stepped form

invenﬁgg%g% g%ibﬁﬁ?‘ Ceaily4P the epee ehadighs prassire difeppnsnce stawever, a
high prelsifd) GiftefdhReRs FS HENG dadelds8b68ted with high capital costs.
Unexpected advantages can be achieved especially if the pressure difference is at least
0.5 bar, more preferably at least 1 bar and most preferably at least 1.5 bar. The
pressure gradient here may assume any form, for example a stepped form. However,
particular preference is given to processes in which the pressure is altered
continuously. This can be brought about especially by means of tubular reactors whose
axis, which is defined by the flow direction of the reaction mixture, is inclined with
respect to the earth’s surface. The angle of inclination is preferably about 90°, i.e. the
tubular reactor is aligned essentially vertically in relation to the earth's surface, though

relatively small deviations, for example of less than 10°, preferably less than 5°, can in
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25 continuously. This can be brought about especially
by neans of tubul ar reactors whose axis, which is
defined by the flow direction of the reaction m xture,
is inclined with respect to the earth's surface. The
f1ql NClination is prefgrably about 900,

wo 2?9% z?%‘lgeact or is aligned eSsentially verti Cgh‘l‘{:}ili"%gﬁg/050294
relation to the earth's surface, though relatively
smal | deviations, for exanple of |ess than 100,
preferably |l ess than 50, can in many cases be
tolerated. In a particularly appropriate

manycasés pertelerated. t he reactants can be converted at a
hi gh pressure at the start of the reaction and at a
| ower pressure at the end of the reaction. 5 This

o . : oLy . . -

In & pEEL I Ao 8 B R Bl R0 Ao Be BonVifibd &t Bihian

pressuresatethé start ﬁhmmatgbm ?Fd reft g_dewef pmmﬁl‘eeabmg_t@rm of the reaction.

. u rd, such that e ow direction has a direction

This %%Q)%m Samprefreshabe gRRipued Bygfituenatiiey thisughe tbular

reactd®@khizhss Hiihag @vith]%sggﬁ tf)efﬁ&%bgﬂ’scﬁﬂfa%% ﬁgfcfﬁ'lteeéjott’?)tm upward,
el evated or reduce ressure. Surprising advantages

such that therfeyaditection has gidirledtiam dotipenpot whichd$ alipeed at right angles

to th pr%guct and also the service lifes of the system can

othega érﬁ‘g(?&& especially by effecting the reaction at a
pressure in the range of 1 bar to 8 bar, preferably

1.5 bar to 6 bar and nore preferably in the range of 2

The reagtign isan beisffegied ap elexatad/or redeced presssirenSurpnising advantages

. . start, of . the reaction at_ a pressure

with reBaFg REIFE Bk PP Ay 8 e roldGRE ndl 150 1% BERE s o the

systen®shrbes achieeée apbyiafly by effedtify I readfiéh at atld?éssﬁﬂé’ i®the range
the reaction at aéressure inthe range of 1 to 5 bar,

of 1 bardp 8 rrepeafarmbly 1.5bardof bavamssiorgpeeferatly jn the range of 2 to 5

bar bar. 20 The reaction tenperature may |ikew se be

" within a wde range. Advantages which are not

foreseeabl e per se can, however, for exanple in

relation to the yield, the reaction rate and the
Appropyigtelye the ¢anvession gan heaperfomredchahihestart 19§ the raactionmt a pressure

; reac [ [

in the fePRerR TS KO LR, ShRRINCLIER oiley A GEBR, BlcfbohSe S 5 bar.

and atitip end @fitin seabtivaidtadbrebovre inahe sarigy 661 Ry bbar, more preferably

dditionally be enhanced by converting the reactants

1.510 %lanfiﬁgogttp,;@{er@blyta}f@ $B8Btion at a |ower tenperature
than at the end of the reaction. Appropriately, the
tenperature at the end of the reaction nay be at | east

The read@idn gheperajure neaalitewiat beewritin 20ddbirghge. Advamnagés wWhith are
start of the reaction. The tenperature at the end

f
not forg3REARUE PET B CPY, NPT XaMAlB 4t rekserhiagheryield, the reaction
r al 0 i
et BRI o 551070 B RSB HErSEiEh 8l
perfornéd ahe terapetatore imethe bange of90Wnped 801C epreferbbly T03Ge0 140°C.
of 100C.,to 13

The imprayerients fgtilegakive gy sunirisngly oy beozonascedduy
converting the reactants at the start of the reaction at a lower temperature than at the
end of the reaction. Appropriately, the temperature at the end of the reaction may be at
least 5°C higher, preferably at least 10°C higher, than at the start of the reaction. The

temperature at the end of the reaction is preferably at most 25°C higher, preferably at
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Towards the end of the reaction, tenperatures in the
range of 110C to 150C are 5particularly preferred. In
a particular configuration, the maxi numtenperature

achi eved may be at nost 160C, nore preferably at nost

wo 2B EHaTEr L € Can be neasubed and cont rol | CRCAIERA009/050204

| east two regions of the reactor. 10 As well as the
reactants, the reaction mxture may conprise additives
whi ch are known in the technical field. These include
especially catal ysts, for exanple acids, and

most 30°@bhighze rthambit e SIEeNVEthe POAMTIRY, lf—-éabmmp@‘ théBonversion at the
unsat ur at ed conpounds. The reaction can preferably be
start of éh%r%él@nvm@h badt @ tempefaiuce inchieeragge sh 1POC de |160c<anpreferably

in the PEnd ol S i d 152 {ah& MG PLELANS e Lo B RBME S 120°C.

Towamisxm ledd dfnh@d@hdtionnterhb@rawephm tHeSrargjetbfne) el toei®dy C are
present in one of the reactants, for exanple in the

pamC%ﬂhaE@fﬂraﬁq Wea RAicylangenigurating, i wexiphen ieRparaiure achieved
may b%sa??nﬁﬁ 6o ;ﬁ{cﬁg 'pYe@?aBlg ]ai E%tsg qg@%%ﬁwp #n{))%{ Ffe{i@f)l? at most

er abl e’'range
135°Cp A@pmprlaheiyeﬁiertemqmdamr@ taa del measirethdusisatolledtzg éit least two
ounds, it is possible to use polynerization _
reglonﬁpg?ibq:f% n the reaction. These conpounds, for
exanpl e hydroqui nones, hydroqui none ethers, such as
hydr oqui none nononet hyl ether or
As wellias ¢he rénatghisy thecreaetion mixiphe metyhiampriss additives which are known

i e BB el MRS A et gyl i, and

stabiliZer® eioH Grfé@@hﬁPE;IS)ﬁ‘)enﬁﬁﬁm befe @ﬁé&ur‘é‘ie&&@h?%@hbé’ 25

hi nder ed pheno are wdely known in the technical
field. These conpounds can be used individually or in

The reégfic?ri g%ﬂbpeffﬁ@ﬁ ﬁrgs?ségqa}y deﬁgwgp %P hal zchﬁgq?g?r@bﬁ&rw acid can be
used \Aﬁmlﬁb@ar PréfegMcac The Guishuriceid éé’rh ﬁablt@ﬁémﬁﬁg RdeH 36 the
the free radicals which occur in the course ‘of

reacthﬁdﬂp(#ﬂel bagddtion,Abe sulphunisracidmay alreadyfhe piesent i onmlef the

cacial, KR GHTEI HECHRIERRuAFISE BMHSP Pl K micure e

may pr’éfertabgﬁid in tN@WaP(Qé of 1107 nieshetgrefer&BI) 99 he rMRIOf 1 to 2.

“anti oxi dants", and the references C|ted there. In
principle, the tubul ar reactor can be charged wth

In ordef® BreViht SHABLYA P Bol)RictizatiOn bPfhe unsaturated compounds, it is
possible to use polymerization inhibitors in the reaction. These compounds, for example
hydroquinones, hydroquinone ethers, such as hydroquinone monomethy! ether or di-
tert-butylpyrocatechol, phencthiazine, N,N’-(diphenyl)-p-phenylenediamine, 4-hydroxy-
2,2,6,6-tetramethylpiperidine 1-oxyl, p-phenylenediamine, methylene blue or sterically
hindered phenols, are widely known in the technical field. These compounds can be
used individually or in the form of mixtures and are generally commercially available.
Reaction of the stabilizers usually consists in them acting as free-radical scavengers for
the free radicals which occur in the course of polymerization. For further details,

reference is made to the common technical literature, especially to Rémpp-Lexikon
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5 reactor fromany desired source provided that this
wat er has no ingredients that m ght adversely affect
the hydrolysis reaction or the subsequent process
stages. For exanple, denmineralized water or spring

be supplied to the,reactor. However _ Jft _j
WO %l@{?zm%g&pos& ble to supply Q m xt ure of \A/atepdiﬁﬁbiooglosozg“

organi ¢ conpounds to the reactor, as obtained, for

exanple, in the purification of msthacrylic aci d. In a

preferred 10 enbodi nent of the process presented here,

the reactor is charged at least partly with a m xture
Chermé sditors: AFRAlise|qN. Régwszuﬁgamuéwsvorwhﬁotﬁtﬁcﬁfoﬁ etd9®); under
. water to nmethacrylam de in the reaction mxture
a”’“%@@d‘tﬁm?”dmﬁ erS%Eﬁﬁﬂeé citgd theret he range of 7:1 to 1:1,

nore preferably 5.5:1 to 4:1. 15 Preferably, a mxture

can be used which conprises 10 to 40% by wei ght, nore
In pringipibethabiubpuRP réactdPtampe\vbiagddd with WERENIBE BY /d)ﬁ?hgewaté@to the

to 50%by wei ght, nore preferably 26 to 32% by wei
reactefirqua ey desifed $ogEse BRpvidadthet tm@W@tgrf@Sem@mgyedlgntsdhat might

adveré@l?’%ﬁé’c’t"ﬁieg@dro@%gﬁ%é?%bptrﬁe l%;%%geﬂt E)r%ﬁggg g?éges For

exampled demimerhlizettivateres spafAg Suatpr can bg s&ﬂpﬂéd &gt readbtopeHowever,
i eved specially in the cgse of a residence tine in

tis EHUSS aﬂﬁ%g'sfmfe'pﬁfmﬂw%o Whtsir20d GrERBICHABRRRUNIS o 2be
reactdf 88'bB&in&Y, Foh@HmpiEN & he egﬁ]ﬁfﬁatﬂh ¥ H&?Qﬁ’&/@d 254 W% preferred

t he conversion can for be coo
embogdimnant o 4y procesd pmmntedz ;hrarea,ttbel readtor Bmlmqgecd) aisleyalsapartly with a
phase. Unex nta es _.can

mixtu Bt 283 Sith BT pampelBas i mdan ate e ke rlo
methawxamm RAHE PSR IMmBAuRNGdd8R Pﬁ‘)’?%‘XE%dIé anCthé range of 7:1 to

hase separator. It is thus surpr| singly possib

1:1, more peefeeabine.5sbtadcle 1ife of the system while further
advant ages are al so achieved. Mre particularly, this
configuration allows the yield of nethacrylic acid to

Preferbbly, aifikRAs AndtdusdewhRINBEmeisey by- product s,
peci al I% solid constituents, in the reaction m xture

10to0 4Q>/oth:y weighhinere eierabiyetilto % QMTWﬁyghWﬂf(methaerylamde
20 to 56% By WEGht, RS SHardFhkl Yebtd $2435) Flight Hrfi a8ty has 2

30 to 65% by weight, more preferably 40 to 52% by weight, of sulphuric acid and
0 to 5% by weight, more preferably 0.1 to 4% by weight, of additional additives.

Surprising advantages can be achieved specially in the case of a residence time in the

range of 10 minutes to 2 hours, more preferably 20 minutes to 1 hour.

The reaction mixture obtained by the conversion can, for example, be cooled by a heat

- exchanger and then separated into an aqueous phase and an organic phase.

Unexpected advantages can be achieved by cooling the reaction mixture by mixing with

an aqueous medium and then passing it into a phase separator. It is thus surprisingly

‘possible to increase the service life of the system, while further advantages are also

achieved. More particularly, this configuration allows the yield of methacrylic acid to be
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5 tenperature in the range of 20C to 80C, nore
preferably 40 to 75C. The volune ratio of the reaction
m xture obtained by the reaction relatively to aqueous
medium may be in the range of 2:1 to 1:5, nore

1:1 to 1: 3. The agueous nediumto
wo @:)r coﬁal ng can be supplied fresh to the prod gﬂ%ﬁgqgglosozg‘t
process. The aqueous mnedi um may, for exanple, consi st
of water or conprise further constituents which,
however, should not exert an adverse effect on the

reaction mxture. It is particularly appropriate to
mcreamei amd tepufeomstion df byaprddwdis,| sspeleilyveild ynsetnans! irtthe reaction
t he reag n m xture obtained by the reaction. This
mmufﬁa“é’s?ﬁ @"a'm%%g the costs to be | owered considerably.
In a technically particularly favourable nmanner, the
15 aqueous nedi um can be di scharged fromthe phase
The aqepauanm'diuﬁﬁrbyswblchfth@ vesliirmnreagtipn suixtire ISiS%(ﬁeﬁ @sefetably has a
r| SI i.ndi that the aqueous phas
tempeSise i Hiefaneci 2 e e MrorReaigfecaln d0de e Fe ke volume ratio

of thelr8héfidry ﬁ\'l)&Ullé)(WJt@ n%gioc@f! eflorﬁ’l‘élémdeq¥ E&’Séﬁéédéeﬁ’lteﬁrum may be in

especi al l'y of pro ucts proportion
the rapge ah@: hioni 19 zrmﬁefpmefembly Byl uti3ti cati on or by neans

of a suitable volune of a first phase separator and

the 20associated reflux ratio. For the perfornmance of

The aghéSuPrRlfiTh ¢ benfed fBPBé@llr@ c~?é’r§b§ @Uth’ed"ﬁé% X e érbductlon

one phase separator in which the resulti ng reacti on
process. xthe aquepusdpadisgne haynfar examplgaconsigiod veatanar m‘mpnse further

h f bly h
constATOURIEE ASfiey B UBLETRAY S AP VD38 el S0 B et
mlxturenttr@ﬂaﬁ@dla‘rlycdp T;ﬁmététto REBTM QYR EdIURt WhithSi8@MRsined by
phase separator. This configuration of the process

separ%nqrb‘;\fsth@ﬁ@a@m m'?gua ekiginediky the reastiepl s measure allows the

costs @%é lo%tgr@g:cég fggpéetﬁ ?anﬁgﬂﬁﬁghgﬁ"ﬁ AR ﬁ@”@% nr%%rr\ner the
aqueoas meediuracambe didmhaﬁgetbh@m%eqfhatsb%dp@mt@anﬂms @bﬁlﬁgixratxon is

resent in the second phase separator can be
POSS'bE%ﬁﬁ 2Jeseld of hesyerising fﬁ@mgav@t the awoummaﬁﬁe@!@tatr@hle}m a

e
especiuﬂymﬁ solfd by-pracisis, eardi thbee @mdbp)@itlorr@aau rb@rmrmmmd/ farther by
punﬁcatlcp nor by meeans of a suitable volume of a first phase separator and the

associated reflux ratio.

For the performance of this preferred embodiment, a system may have exactly one
phase separator in which the resulting reaction mixture is separated into an organic
phase and an aqueous phase. A system preferably has two or more phase separators,

such that the reaction mixture is introduced from a first phase separator into a second

phase separator.

This configuration of the process allows the cooling circuit to be decoupled in a

particularly simple and hence low-maintenance manner from the discharge of the
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5 measurenent. The di scharge stream can be passed
t hrough a screen, such that relatively coarse
particles are retained. The initially retained
relatively coarse particles can preferably be

I'l'y commi nuted. Thig conm nution can
wo 2(@?gect 6339 for exanple, by megns 100f tur bul enFEﬁ'{%ﬂgQOQIOSOZM

This configuration contributes to a further

i nprovenent in trouble- free operation of the system
this enbodi ment bei ng enabl ed especially by the
specific cooling of the reaction m xture, since this

inorgaali¢ phese.fembyg ptfwhrgascbm rthd; idwa:htacgebef ﬂhi}elrihmigaﬁtt [bhasfe present in
ficant ree t only smal | amgunts o

the Sea%ﬁﬁatn:?\?é#ebaét%cm e cornirellag Lot e Bebiad fulear mpsovements

in the @éﬂﬁc% fire<HTRE ggt%n’f‘hl* e t?olg)"f?r%mschgrgeg?f tA8 S Enic phase can

phase renoved be i1solated in a s
be effectédfbycrmeans oba ptrbssmecoirfésrenaalanedsmgntenttdmel/or a capacitive
i nvention. For this purpose, the aqueous phase renoved
measWweM&nty st be introduced into a tank charged with steam
in order to drive out the organic constituents still
present in the aqueous phase. The organic 20
The dl@changetsjm canibeewasaw thuhighha heneenasuchythas rrehativeely @parse
acr r.ified and r
particit o0 Fetaiet, TBaFtgy GRS Bty Foaree prACESE preferably be

mechérﬁwryadcﬁﬁmirﬁﬂé@ i PHis '@EerHInﬁtléﬁ'&ahQ)eoélﬁfécfté@‘*ob)éxé‘mple by means
two-stage distillation. Preference is given to firs

of turbrugrs\Vioms - wawﬂfngun@thmycorzabweedq@tfgrthebmpmaemegam fgouble-

o ofUi 7 Wi}, S SEyTRARRE) HihE FEbRE 20 el pyingspocrc

cooling e thedregictibh miXiurs esivetHi®veides theBy-peodidt Foremdtondb be
the organi c phase, the crude nethacrylic acid is

minimiged e sHEN @ Sighficantslagies tpganinamell gmeurds of relatialyroarse
parioEEhA Lo Boehhpiedior on L= breferanly hested so o

120C. The
Organic compounds which are present in the aqueous phase removed can be isolated
in a special modification of the process according to the invention. For this purpose, the
aqueous phase removed can first be introduced into a tank charged with steam in order
to drive out the organic constituents still present in the aqueous phase. The organic
constituents driven out, which have a high proportion of methacrylic acid, can be

purified and recovered.

In a particular configuration, the organic phase of the separated reaction mixture can be
purified by a two-stage distillation. Preference is given to first removing low-boiling by-
products from the organic phase, such that crude methacrylic acid can be transferred

from the bottom of the first still into a second still.

To remove low-boiling constituents of the organic phase, the crude methacrylic acid is

preferably fed into the upper half of a distillation column. The column bottom is
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purification is typically effected under reduced
pressure. The pressure within the colum is preferably
about 40 to about 300 nmbar. 5 At the top of the
colum, the |low boiling constituents are renoved. In

| , these may, for exanple, be ethers
Wo 2?3’?’1@41@{ formate. The vapoérs are subsequenFIciﬁEI:'%SQIOE’0294
condensed by means of one or nore heat exchangers. It
has been found to be useful in sone cases, for
exanple, first to performa condensation by neans of
two series-connected, water-cool ed heat exchangers.
prefeddCWVEN@aitedls‘o asstoeaerably/a pedsteperafirébs abbgt 35 aBdbit 120°C. The

ne heat exchanger at this point. The heat exchangers
purlflceai'@np$ &rrically|sffesird Hbeer reduged presseise. Bhapeessyre within the

r I hi eve full surface
COIUMFP%' p?@%‘?a%g%rt])fgté t@%&ﬁ&??%%ﬂ?bgaﬁz t he wat er - cool ed heat
exchanger or the water-cool ed heat exchangers may be a
bri ne-cool ed heat exchanger, but it is also possible
At they tgp i b 60IUiE e | @prAingaanstitiests aworemmowﬁsf én particular, these
I
may, R PERfRG, FEoPER. JRLRIRDAR Meth sl 1k ybbours are
subseqoaatly toedérseciany alenoshd w\e&n’hﬂbwldea/ﬂ @c&ahgﬂsbﬁiHa%fbeen found
In the ¢ scade o(ﬁ ?eat exchangers, the vapours

{
to be G5efufisanutie SASes oL PP A5l 4o FBIPIDG Calidensalion by means of
two s&@%%ecﬁ%ét@r—@o&@@%a@ BRAM M JYrs. ﬁbﬂ&@ert k8 %Iaﬁgw Bossible

may al So conprise water, any aqueous phase obt &
also tq| usg@ﬂédom heat exaanger at this pdmet Tlhe heata&xcbangéls;eare preferably

e e T T
ConneRﬂé‘@ SoWRERESE dfthe %téﬁ@o&@ﬂtrléét @§cﬁﬁfdé1”br'ﬂ'?é Watté’kecdd?@d heat

of the colum. A portion of the organic phase can
exchapgers pay becaibrine-sppled haat exehangsre hethiyér alsoposaids tdmonnect

down<ffEet (aieq S LF o bF Fufe $eafiléd Real Siengets.fo B HiRfer
configafdtioatafiaé bppé@t@@tlowwcﬁﬁng bendtRiems ican #Mo Bé"d’@dl‘ﬁrged via a low
zones. Secondly, gr esence of the stabilizer brings

boiler gyitet: !rathqﬁawdegﬁﬂsy@a ex¢hangsrrstthe viepbyreearezcaridensed, provided

it SSRFENE R SRS St yappors may s

comprisgpRatel) a1y agidcus ;ﬂmet@btam@dqy eisposetitg dPRaAeto a further

separator. The gaseous congounds which remain after
utlhzattcme Qnnexaranle ofra passible fyeher elilizating és trat ohseyelingrino a

hydrolg§|§ gé&}g)ly by means of steam ejectors as reduced

ressure generators, once again be subjected to a
condensatl on by neans of one or nore further heat
exchangers. It has been found to be advantageous for

The orgapicamaserreqiyrs MAKRedad agiyes refbdatestieiton of the column. A

I
portlorFSf;l‘ﬂgrl Elérglgfﬂha% A |H€Eu Bgéd ?&Qé}agf} ﬁﬁaég%ﬁé}ﬁgeed tops and
the cotbum tog. Sg;a&skbne&argab&ﬂﬂf%%&en&ﬁ/edns @eptgseradrhiked®ith stabilizer, it
is thus possible to effectively prevent first the formation of calming zones. Secondly, the
presence of the stabilizer brings about a further suppression of the polymerization

tendency of the vapours removed.

The condensate stream obtained from the heat exchangers is additionally preferably
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10 purification of nethacrylic acid, to such a
post condensati on. The advant age of such a procedure
lies, for exanple, in thus being able to transfer a
proportion of nethacrylic acid which has not been
in the main purifigation stage once |
WO ?'m separator into theﬁguri fication col Bmﬁﬁgﬁbﬁ‘g/osozm
t he purposes of prepurification. It is thus ensured,
for exanple, that a maxim zation of yield can take
pl ace, and m ni mum 15 | osses of nethacrylic acid
occur. Moreover, the suitable selection of the design
admi@tiwith dehréneptized waterdh stblseway tHater suficieniese)@8Uey Sction can
all ows the conposition of the offgas |eaving these
be achieyeddn tuRbase serRaBIi al |y the content of |ow
boilers, to be adjusted. For fine purification of the
nmet hacrylic acid, the crude, prepurified nmethacrylic

The gasedus so2psuhiieethich temnain ciffee thelcsthdénsationnn thihhseat exchanger

frees the_crude nmethacrylic acid fromthe high-
cascagli PRKgPTEGHEPRITRESNHIOL Alaane elaciPrsrasedleed pregsugngenerators,
once %géiH_'Eﬁ élfbj@é%é't? a% HdeRsaliBh B??ﬁé@ Lotidor Hde fyrther heat
stillati'on colum can 1'n principle correspond to any
exchamhgersyrit hds béerafpewt © seiadedniteg@ud forttlconemikiddseds iwhen such a

postopTafiieyion SOBGeREHS DHOTNNG gaerotaiteGaios 1) g ddgiuriication.
For eXdiplet s Ebﬁibl&Hétf%Q@ f&ﬁé%@és?%u@ BEbSthREeY éshet:\r‘gg?ﬁrlgh the main

nore packi ngs I ch correspond approxi mately
purificagph ofimefhaenylic aeidetn such a postendehsatibr. dbeddyeatags of such a
hould form.in the columms. Th ead. spaces l.ead to .
proced R iek, K ARy D tHES PRERL2DIE i 3gr1eF Ao R iR g e hacrylc
acid wiicttha¥RbEPedti eoRI&sddt if tﬁ@'rﬂé?ﬁrﬁuliﬂgatﬂfh stBEMEBmotd via the

has been found that, surprisingly, dead spaces are in
phasengaparales #dodoe pyeficatioadscalema feutie purpasesiefppusification. It is

thus LI AT, By SR gt B i
losses of esfiraTsyliceadid odewt MuresVar desitadisseleesion BOtHef dédign and of
appropriate parts blocked wth polyner. One way of

the opeseiiareef thgse ferthesrhaat exahamngers aliows dbe somposiientof the offgas

ol 536 AGTLEE 30 PHIhigH B BB 1 bBcuscn

sufficient anount of |iquid, such that constant
_flushing of the colums and especially of the colum
For f'nerﬁté’ffwag@n siithe methagrior@d; hegrudevrgpurifipd methagiykc acid is
. o .
sublecilf 1 BhAARE olHatiR TRERELs B bR OB RAERDH i hion-
boiling ¢enstituants withtthe @éd of awljstillaticwooleairetd distainglasigbtretihacrylic
., such that no dead spaces arise. This is achieved by
acid. npans of outlet orifices or interrupted adhesion
seans, as described hereinafter. Such adhesi on seans
have at |east 2, preferably at |east 5 and nore
The diptiltienadolymatcahdagringidle correspond to any design which appears suitable

to those skilled in the art. However, it has been found to be advantageous in many
cases for the purity of the resulting product when the distillation column is operated with

one or more packings which correspond approximately to the following requirements:

Firstly, just like in the other lines through which methacrylic acid flows, a minimum level
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15 interruptions per 1 mof adhesion seam|ength. The
| ength of these interruptions nmay be sel ected such
that they nmake up at | east about 10% preferably at
| east about 20% and nore preferably at | east about

0 t,ogenerally not nore than 95% of the i
wo @@g‘m ﬁlath. Anot her desi gn1 asure may be thggﬁ%88091050294
the internal regions of the columm, especially those
whi ch cone into contact with the nethacrylic acid,

| ess 20 than about 50% preferably |ess than about 25%
and more preferably |ess than about 10% of all

of so-sullddtirnd grieest shdbddbrrt M thEcdlBi@ENThS debtBpaces lead to a
horjzontal l'y. For exanple, the stubs which open into

comparaiivelytleng sesidenaatimedif e mathaervlic apith whichprommtesits y

polym%rnzé{lém I\ﬁgﬂeto%g? étrsrlif)gus{] f?&&f fqﬁgﬂ}lg? M@sﬁ&@ﬁi %@%dcgpgﬁcséssére in many

casespigtseNicéd td Seuffiientieicgpdd byﬂopﬁohéll @sedostabilibie shatatigzer
t he_operation 25 of the col um, anot her in
mixturese | B PohNezZatinaafimethaervia |a§'da|ﬁ§dﬁﬂn fusn §pexpensgive production

shutdBWHE ﬂﬁt%hééﬂ"ff\ﬁ/’ibgfrﬁaé{ %ﬂ@ﬁﬁ?tle?gé}&b@%ggé’% @/ﬁthgib o\ﬂé&?ﬁ)f{%way of

countemg Ehafohhatlom bédamd) sgphced is| bqth ‘ahrcburgrt ()7 @@dlgnmnbmfhrbagh a
nount s out 0.1 to 15%

suitabls epera BQ)V“‘I%({]F‘OB{] t%,e[q?)rl] rgagggtpaqugw gﬁag thgﬁtbwﬁh aoqufﬁment amount of
liquid, %ﬂ%ﬁétyédr&g%?gﬁslgﬁwgéﬁrné ‘h%!ogﬁ'\‘ns ab& etsBEmB J bf fh‘éa&dlﬁ’rﬂn internals

he net borl i ng cons I'tuent
such ashpagangsisachepmdatedinstanme; tiee polodust mby have spray devnces which

U T Y e S e —
may bé%nnébte@ t%rie AROREF &lcH fha%o'o%%%i éd!a%’és%r%@o‘l’hlsl@gghleved by

he material obtained in the colum bottomi
mean@@é@@ﬂ%mrmce% ebirderrgpiedi ad!r@smrysamm camde@brwdmﬁmaﬁer Such

ool mE NS89’ BT BRBY S Lo Bl B etlat Bt 10

interrupbions p8P €.m BF atiresibh )éeahpl’éhgﬂp THe I@hgtgﬁ ct)fgﬂéééﬂ\téﬁdptlons may

nore preferably maran&aﬁ about C.
be seleeigd suehtthat tineémaket e ab ba’eouifM%ep@éer@bw atlpast akout 20%

and @R Btk e YRR E5E%. sl SRR itin e hiR B e

adhesvaginalangtnandthbr QéﬂgﬁﬁnéMehh@y §§Wd|rﬁﬂwb|lhterﬂ'éllréglons of
configuration is preferred over 15 thin-film

the colsnmip sispesially HrosecwBish some mzconia@mta ithe énetbacrth: agid, less
than a%@%%‘%h@{e@e%{ B/ l%?é ?eﬁéﬁélﬁr?fg% )9{“1 Pye?ﬁ?fblflgsjs than about
10% otuihporfates] especially of column internals, run horizontally. For example, the
stubs which open into the interior of the column may be configured conically or with
oblique surfaces. Another measure may consist in keeping the amount of liquid
methacrylic acid present in the column bottom as low as possible during the operation
of the column, and another in preventing overheating of this amount in spite of
moderate temperatures and large evaporation areas during the evaporation. It may be
advantageous in this context that the amount of liquid in the column bottom amounts to
in the range of about 0.1 to 15% and preferably about 1 to 10% of the total amount of

methacrylic acid in the column.
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Surprisingly, however, surprisingly effectively
cooling of the reaction m xture, which leads to
unexpectedly | ow by-product formation and effective
m nim zation of the solid constituents, nakes it

j to use circul ation evaporators. ﬁﬂfP

wo 2§p§ﬁ4§3%8| um, the nethacryl r?c acid puri f| ed 9 58&9/050294
distillation is withdrawn and cool ed by neans of a
heat exchanger or a cascade of two or nore heat
exchangers. In this case, the heat of the vapours can
be renoved by water-cool ed heat exchangers or by
brine cool ed heat exchangers or by a conbi nati on of
two. It has been found to 25 be useful in sone

In them@gamﬁf theemetiasivlis adidhighrdodingtgonstituests therephare
It r
separg’{)eﬁinﬁé%rfﬂﬁé %rr&g.gcrta | eﬁ}%ﬁ.&ﬁ%ﬁ@ﬁ%@?&gﬁé@@?@% Ereferaply about
50 to abowtr83° QY leispgcially aboutcdthtiealsart 75°8¢ bt amzlftempdrbiare of less than
er-cool ed heat exchangers can, for exanple, be

abOUtw@peruced into a brine-cool ed heat exchanger or a

cascade of two or nore brine-cool ed heat exchangers

whi ch may be arranged in series or in parallel. In a
The nfatetidi exbtaioad iirg threatdlomndbottdme isap;ﬂerabl;sremmcbmntmugusly and

cooled BY Fiansiels hEALRALENEST BER APNREISOr BITal Stbgat exchangers t

a temﬁéf‘éﬂ?rﬁgﬁrasraﬁpé of '&bbgﬁﬂﬁ?&ab%%@’(}:?ré@?& n_g@bbﬁﬁf@@ko aBdut 60°C

sent to a fer vessel by neans of a punp via
and mpoie praferabdain axangmgkabaut 59 tlor&de of two or nore

further heat exchangers. The 5 condensate streamis

cool ed, for exanple, by nmeans of a cascade of one or

To impréRe Waé §leld, aRE SdtBAR! ofaiE ReBERd StiRBaNn O@REe @galrie evaporated.
bri ne-cool ed heat exchangers to a tenperature in a

Theserhgitpme of Hisosacond st capquefesaldy her efanosaled witba cireglation

ovapof 8Ll AL B BEAR iAo FOBMers over

thin-filoaprsaloe foit reassh€bflcost. HOGR0EE &irctiatioh RRaporators are more
distillation colum via the top of the colum. The

mainten@ngerigignsivet it selid RyaRrQducl piecplissenbia thednixire te the eb@porated.

: h
surprgfhah " FfBUTSu ity ORBLA L SRR o e e RRP i
leads foauriéx@ectedly lvev bppeedist fernsdtiopaand efféstivel mindmization of the solid
vapour |ine above the top of the columm, for exanple
consﬂ@ﬁ%ﬁy@mﬂs it P@Sﬁ”%'eéPé‘ée;ﬂ*@!ﬁ'@“P@&V@QPf?A@r& his feeding
i ntroduces stabilizer into the top of the colum.

At the top of the column, the methacrylic acid purified by distillation is withdrawn and
cooled by means of a heat exchanger or a cascade of two or more heat exchangers. In
this case, the heat of the vapours can be removed by water-cooled heat exchangers or
by brine-cooled heat exchangers or by a combination of the two. It has been found to
be useful in some cases when the vapours from the distillation column are transferred
into two or more heat exchangers connected in parallel, which are operated by means
of water cooling. The uncondensed fractions from the water-cooled heat exchangers
can, for example, be introduced into a brine-cooled heat exchanger or a cascade of two

or more brine-cooled heat exchangers which may be arranged in series or in parallel. In
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A further substream of the condensate intended for
recycling into the colum can, for exanple, be
branched off before introduction into the vapour |ine
and be introduced directly into the top of the colum.
it is preferred t this introduct
wo zyglbmﬁﬁggces st agl lizer int gl%t he top of the CBF}EFE?2°°9’°5°294
The introduction into the top of the colum can be
done, for exanple, in such a way that the interior of
the top of the colum is sprayed with a condensate
such that no calmng zones can formin the top of the
a furtteayl comfiguegtiontofthe tpparattifidowyaiingacd rtbtm%htﬁ @laM g0 B€ removed
addltlgpally be advant ageous to ad

via a 'é@a%wgirﬁrfé*ﬂe? dneprsirensaies pirwble fremitha he@t gxchangers are
mrodESRIRASSLEIEE Y DRI EMI e AOuTEFYELET sl pump v

furtheappabexdhangenapacascédaof swren'r matré Gurtherthdait erthargyers. The
lizer to th %}onden ubstre m i nt ended for

condegﬁ‘a%y A1 paed ofpr sxa meaANs pf asascade AT PR| [ two water-
cooled Hegﬁeﬁc‘?’w‘é‘?\@é%@méﬂé Br %rﬁ@%l%ﬁ@aﬁ @ghﬁﬁggfsn%sét fomperature

substream “after t |t|on of e sta
ina ramgfemf@b@ut §to labout 5@°Ct ,qpetsrablyaboot dé1to apass48°C and more

a suit L X| apparatus, preferably a
preferg?lgtlp rﬁPQ%Pf ag g?%néq ngCachi eve very substantially
uniformdistribution of the stabilizer in the
condensat e substream The uncondensabl e gaseous
A subsigarmaswbdrgre floay félemruhensata straamne apdris recystadointo the

distilafb 8 SRy Oee 15b AR BV ity oheRpRBRedieartoapd peincivle be

fed intbahé fhep pf #rResBlumAve @hg%shaa rAdnR&rafdr eXBfpRs SRIdibRbulors.
vertically aligned tubular reactor. Such a system

Howevgryié iiayebe aﬁﬁ%ntpae@uwhenea @grﬁqoaafimtcowﬂaﬁate stream is fed into

e BB AU o T 04 8 RS 81 160 e

that thMebdm@ensodlhI}ewebmz@rf lnwtrfeﬁto‘phﬂ theaolunem tenperature
can be adjusted to a desired profile. 15 The reactants

can be introduced into the tubular reactor via a punp.

Afu rth.-gP sé?‘@ﬂr@arﬁ%f ‘ﬁliff e&q&@ﬁsra% %JSH?&? %ﬁ%&:}gainﬁn%qﬂ%wrhﬁ can, for

0SSi
exampdmrbdobrauohe@oﬁdﬂafom .mroanmn intG malapcmrﬂnhe\md be lntroduced
e react ts can_appropriately be mx

d'recﬂsow f%%%oqf tpﬁ éobu% lofer{ophit é Petared H@atgwﬂemwt@n
mtrodd%@.fs?é@@)éf nh@sthQ‘P e;.f) uf fHEe{:olbmne rAalistrd QictiBhih&O%thktob &8 the

regi on between nps and the
column can be done, for example in such a way that the interior of the top of the

column is sprayed with a condensate such that no calming zones can form in the top of

the column, at which the methacrylic acid can polymerize. It may additionally be

advantageous to add a stabilizer for preventing polymerization to a condensate
substream which is recycled into the column. This can be done, for example, by adding
an appropriate amount of polymerization inhibitor as a stabilizer to the condensate

substream intended for spraying of the top of the column. it has been found to be

~ advantageous in some cases when the condensate substream, after the addition of the

stabilizer but before entry into the top of the column, passes through a suitable mixing
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| distribﬁa@ of the

20 tubul ar reactor. These neasures all ow surprising
advantages to be achieved with regard to operational
reliability and the service lifes of the system and
inrelation to the yield and the purity of the
A preferred sysiemfor perform
wo zgpgﬁgg’ézlgccor ding to the prz%ent i nvention h;@Ct{ﬁ’%OOQIOSOZM
| east one phase separator, said phase separator being
connected by a recycle line to the feed |ine through
whi ch the reaction mxture is passed into the phase
separator. separator may preferably be equi pped wth
apparatulse pteferabhaagtatic nilxes, ialdreastotduhidvenagy dLbseinaaily hgiform
ase_recycled to be controlled. The system may have
%?b%?ré”ﬁhﬁé?@ng@ﬁ%ﬁtﬁtsé'lb§t,re§ff“ef erence bei ng
given to 5 systens with at | east two phase separators.
Appropriately, the first phase separator nay be
The usconusrisatlieyaseous Gybktances eviich tifeeobtatribd inrtke plarification process
whi cMhe r ﬁgtj on mixture is passed into the phase
are, fof gxample,sentiRdiseesdld phase separator preferably
conpri ses an apparatus for controlling the inorganic
di scharge. The second phase separator preferably has a

A prefgrreaisystenvfarnperfonming the grocess atasdingepdhapossentivevention has at
ast_one

east R ELEA el A e o B B SR S B EEBRse forms
part of tRE dubfect-Phattdr\R e pRAPEIMBHILE] €S is provided. In
this case, the withdrawal point is preferably nodified

such that the relatively coarse particles retai ned by

The o P R A R B B B TR P8 e
exchartigarbUbe Reank @fwHith MY &Iaclies terhPeratiiieCédrPBe aRjush& to a desired
particles achieved as a result 15 at the screen | eads

profilet o commi nution. For exanpl e, the screen can be
configured in the formof an inserted tube provided
wi th bores. The conponents of the system which cone

The reactadtscat Be tintraduteddhtd thexnBgiatteéactéda aushp! To avoid
reactor, the punps and the phase separator, are

mainteppaeealBiad eraTation shulfomnsaitds alsei Ressiie & Bravidastvwg or more
pumpsPAGfPTEHRER el Ol HABPLYE A, LG cr
appropeiatete belmixed upstreari oftthai pumps e whidicaeiditel terhtmoe
preferaﬁbﬁﬁaggézélﬁflé% i%t%ﬁ%%gég}t %‘TQ.J@? Epﬂi{e? r%ﬁ%afzn%{#g@ﬁéh@ pugps and the
bulaTRLELE e ARASR-ChY DL o SRRREIRS ALaHERE wi

regard tmoppratiberbisligbitity arid thiensstviog B8 dhihessystarh) st iGidlation to the
ess., Proceedi from hydrogen cyani de and acet one,

yield argcigfq)ﬂ;énty of ?he proJEx%t.

A preferred system for performing the process according to the present invention has at
least one phase separator, said phase separator being connected by a recycle line to

the feed line through which the reaction mixture is passed into the phase separator.

The recycle line through which the phase separator may preferably be connected to the

feed line through which the reaction mixture may preferably be passed into the phase
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cyanohydrin is prepared in a first step and is then
converted to nethacryl am de. These steps are
described, inter alia, in US 7,253,307, EP-A-1 666 451

and DE 102006058251.9. The above will now be

' Piged by way of exanplg with reference
wo 2r?gn [ rrfftl ng draw ngs. The system descri bed i n?’?ﬂ'éEPZOOQIOSOZM

figures relates in the present context to a systemfor
preparing nethacrylic acid. The figures show. 5 Fig.
1: a schematic of a systemfor reacting nethacryl am de
wWth water, Fig. 2: a schematic of a systemfor
sepamtapuay pyefamhiebbaguijped with d,heait g@xciiangersThigribive thé
a fine Quri i cation system for nmethacrylic acid and 10
temp%f?g‘!fezﬂf e PRREFHRGYCIesk tobasGanterfledsr stri ppi ng t he
aqueous phase which is obtained fromthe system for
hydrol ysi ng nmet hacryl am de. Figure 1 shows a preferred
The spsiieotimayrhavefore, swetaemd@ phasshseparatoes, peefeaenod beindejiven to
is 15 reacted with water. Through I_inFs 10&, t he
SYS*G'Hﬁi"Hgt a@Sﬂ% QP IRPERERFEALOES. ARRIoRTBtelY, the)Hist phase sgparator
may be'Gorirdetd by é%é}?&é lih830 tH'eatlry ‘ﬁhF&gﬁ WRREN{RE r%éﬁion mixture
reaction can be Ted via an external source into 'l ne
is pasged intatihe phase separstor d hecsdcond phaBe\sepatatoepreddrably comprises

an sofbiii€ chosblolf b Frodhis FRarde e HSRrtlpl e b
prefer{aﬁ{ygiacsgﬁgré?ﬁg Vkilglg%tl?éﬁ tNé &irdtiph@sé k3 phdtor. MheesekBfd gHase
separator may comprise at least one withdrawal point at which at least one screen
which retains relatively coarse particles is provided. In this case, the withdrawal point is
preferably modified such that the relatively coarse particles retained by the screen are
mechanically comminuted. The mechanical comminution can in particular be brought
about by a turbulent flow, in which case the friction on the particles achieved as a result
at the screen leads to comminution. For example, the screen can be configured in the
form of an inserted tube provided with bores.

The components of the system which come into contact with acid, especially the tubular
reactor, the pumps and the phase separator, are preferably constructed from an acid-
resistant metal, for example zirconium, tantalum, titanium or stainless steel, or a coated
metal which has, for example, an enamel layer or a zirconium layer. In addition, it is
also possible to use plastics, for example PTFE-sheathed components, graphitized

components or materials composed of graphite, especially in pumps.

The methacrylamide used to prepare methacrylic acid can preferably be obtained by
the so-called ACH process. Proceeding from hydrogen cyanide and acetone, acetone
cyanohydrin is prepared in a first step and is then converted to methacrylamide. These
steps are described, inter alia, in US 7,253,307, EP-A-1 666 451 and

DE 102006058251.9.
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20 viewed in flow direction, can be effected upstream
of punps 101 and 102. Punps 101 and 102 are connected
in parallel. A parallel connection of punps 101 and
102 allows the operational reliability to be
. To stabilize the geeaction m xture,
wo 230{62[) |zgrs can be added thr%ﬁgh line 105. 25Pﬁ]’éEP2009/050294
tenperature of the tubular reactor 103 can preferably
be controlled by two, nore preferably three, heat
exchangers 106, 107 and 108 which, in the present
case, are configured as an integral constituent of the

The albobel veili nowebet itlustrated byhivay pliexaaple with refeareeitblrnlimiting
ui ds which are passed through jackets

ool i n f
drawigs. drhesyst Aﬁsgaee%ﬂn e igues selgirsindhepresant captaxito a system
%W [ m xture i s discharged
for pré |@gthla§g)ﬂlc cem&ﬂ %r%?%?]ggg first phase separator
110 In the first phase separator, a portion of the

aqueous is renpved. This ortlon f the aqueous

Fig. 1 1ASEeTBaNE L 2 1SH8eR 1T eaetngImeliAGYIRMIRe W9 Walel s
CIFCUIt is 5 maintained by the punps 112, 113
connected in parallel. To inprove the cooling

Fig. 2per schematizobd systematprevepurffingemethago/liedcid,a | i ne
111, the enbodi nent shown in the present case has a
heat exchanger 114. The cool ed reaction mxture is

Fig. 3Pass@brvatic bf 86nd barificior HRstéimr ok n@iﬁé@@@@éﬂ ey 110
10 into the second phase separator 116 he second
phase separator 116 may especially have a device for

Fig. 40 e et vtk LR s B S atde i Wshis @Btained from
| ithe sjdtém fonthyardipsing emetRbciyReniagueous phase can be
i ntroduced into the am de-conducting |ine 100
especially through line 118. 15 The portion of the
Flgureaﬂé’ﬁ@{dé %ﬁgﬁ?ﬁgﬁéﬁpob%%ﬂtd Zé@ ﬁ‘gﬁﬁ&ﬂ\f% ket 8yiamide is

reacteelclh’emwatemaﬂhmulgh linieg W08, the Eﬁmwrc@meyed)b?%ﬁm;ﬁ 101 and 102, is
glschar ed fromthis part of the plant via line 119.
passeego 4e, %arm%ger|1§3pFEeévetsr sﬁqw.edffpéaweoseaﬁagm@aafoeafed via
S
on exbfl S48 IREAESTon, TR IeLEetian i ook il Fiowo 1
In addmonnaglegéﬂa/ ant‘tmﬁ?fuhlgwater frem a@Paeﬁfseba%@ogHbﬁhWhich will be
vi ded es eC| y .downstream of the second phase
descn@%ﬁ'@#%&f@rﬂ P& Wagnl &% intadingi 140, |hn His gase,the swpply,

viewedH 'nqu@d%eitﬁ)‘hw%aﬁ o2} ﬁ@mr{t%&glﬂpgfrééﬂnle gzidrﬁ uen ?%ﬁp?ﬁ% P¥nps 101

neans o h the I'ng con
and 10&r:yemomnpbwen\/ﬁaraltelcmpdnallebbbaneetcbrf ofoparhpe 10¢&eid 102 allows

noved.
the operatlonal re?ablhty to be mcreased To stabilize the reaction mixture, stabilizers

can be added through line 105.

The temperature of the tubular reactor 103 can preferably be controlled by two, more
preferably three, heat exchangers 106, 107 and 108 which, in the present case, are
configured as an integral constituent of the tubular reactor. For this purpose, it is
possible to use cooling fluids which are passed through jackets which are provided at

various segments of the tubular reactor.
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An organi c phase which can be obtained, for exanple,
by a discharge fromthe system 10 shown in Figure 1 is
introduced via line 200 into the distillation colum
201. The introduction can be effected, for exanple, in

j of the top of th ol um. The | ow,haQi
wo é(gg%é‘[‘lp%ﬁts can be transf eﬁéd fromthe top Pg:g:/ighﬂﬂpglosozg4
the distillation colum 201 via line 202 into a heat
exchanger 203. In the heat exchanger 203, the vapours
are cool ed and discharged via |ine 204, and a portion
of the condensed substances can be recycled into
colum 201 through line 205. For stabilization, a

stabilizer conposition 5 can be introduced into the

The cepyeried reagtiondaintuse indiseharasd \éa &inp! 189, whichtlnads éa a first phase
sopadB A AAASEb sty 456t ol gpoeis rmoves

This pootioroobthesaqUuenus\Eieseds eccycedvindineons! iBtapn 409! TR &ircuit is
.. via Lﬁyﬁﬁ 207 ang?)fe assed back into the colum. The
maintgiged fyghgPumps Li2.uh? eenmnasted i parsdiakl gdmprevsiheneooling
SR JinEl QUr :
P o o BB Brre S e eheliink, P, g il EpEnt ghapn n the
presenint¢ase hamwea inethaxchdrigerddidd obtai ned in the bottons of
t he above-described distillation system can be
purified further. 15 A nmethacrylic acid-containing
The c66IBROSAGIH M ' \ B rohD e 399t |
) distillati ongg%ﬁeﬁﬁnda%%%@qﬁﬁgﬁ x%?ﬁohg&cons% P%%n%é;%)ria tor 110
into thergesond mhese separatoe 1 16 stmseenhd plasea separatarri 6 may especially
to ia line 302.. A portion of this  _
nave & 16 0K8 for A MAle B ahar Swbich s ol e i st fioure.
The aqibuswihabe is HlistherGsAPMingoT 7, Gindesl pdiod ¢fithe BqBkbas phase can
.. evaporator, through |line 303 and be introduced into
be introgucesbinte theamids-GandBuing Ire Tikespedialyr through line 118.
aci d-contai ning vapours are withdrawn fromthe col umm
via |line 305 and condensed in the heat exchanger 306.
The pdrtien of e agesbuep gy which 8@t rdcycidd & BENOrkedTup D& system
., Jdistillation system 30 through |ine 307. A portion of
suitablefgr fimpUrROsAde fBewnisehematinaliit indxighemficT haomanimpbase is

iscnal i AOHERL 8 0 HUBEE3fel 050 THSERRE 2B Bpgterely

purifiegh bypmeEdrts oﬁdilaNcszm prioeess. The system shown in Figure 1 may have gas
separators, which are not shown, at various points. Advantageously, a gas separator
may be provided especially downstream of the second phase separator 116 and

upstream of the distillation system.

Figure 2 shows a preferred distillation system 20, by means of which the low-boiling
constituents of the organic phase which can be obtained from the reaction mixture are

removed.

An organic phase which can be obtained, for example, by a discharge from the system
10 shown in Figure 1 is introduced via line 200 into the distillation column 201. The

introduction can be effected, for example, in the region of the top of the column. The
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cool ed can be introduced into the top of the
distillation colum 301. To stabilize the conposition
present in the distillation colum 301, stabilizers
can be used. Stabilizers can be fed in, for exanple,

i ne 311, through j£h stabilizers c
wo ildr??tbro ugé()d into the heat emgz;nger 309. Fi gu?g‘liEPZOOQIOSOZM

shows a schematic of a preferred system for stripping
t he agueous phase which is obtained fromthe system 10
for hydrolysing the nmethacryl am de. The aqueous phase
can be introduced via line 400 into an acid vessel 401

low-bailing ltonstitabaisgeth bé transfestegiaidmithe tee e dtOR of Heedistillation column

seo subst ances released as a result are discharged
201 vialipe ¢ 02 io g heat éxahaesricdie in Huaheatrxcignesud0pHasaapours are

. e . : | .
ool Bt GESIFLSENI MR AER P B8RSR slos can o
recyclad uetousolaina GtHr theougmlinee 205 sEdrastgbitization wgdtabilizer cEM¥position
can b GHERAERH iaBalo AalTaBn HBRSED indae. o1 aiamaleshia hedaed 206,
throud\&h&%sd §tﬁgﬂfgér HiktGrelCart b iﬁﬂ?&d&%’&’ in’cd‘l?1 gsia be

sent tot ydrol ysi s process shown rgure 1,
since this phase has a high proportion of water and

A portihy 8 e R BoiofRicar bR SVRDPIR AL 2 DOHbA YapOEaIEHR08 via
line 20M4RAbePhsskl bR intol tHe ldofirBA. 1188 BHAGMERST thiS bBQllnﬂ'?can be

. exanple, without the 15intention that this shou
dischargg@ enatheesystersthopumpdfpvie linedShacryl i ¢ acid (M)

Fourd BB EY e AL M B i vl e

methatyliD agidoFBinad WEtke HREOMs OF heBbdve-dedefbed Mtilafksh BYstem can
erature: 200C), virtually trouble-free operation

te

be Purgferglpwgh%stem over nore than 6 nonths is ensured. In
the course of this, the system | oading can be varied
within wi de ranges. Loads up to 20 000 tonnes of MA

A metipaaryliccacidviontainingoniyosifioritah eashitréfudi (ikifh&)308rito the

._._achi eved. , . : : " :
distillation column 301. High-boiling constituents of this composition are discharged
from the column through the bottoms via line 302. A portion of this discharge can be
evaporated in a bottoms evaporator 304, which is preferably configured as a circulation

evaporator, through line 303 and be introduced into the bottom of column 301.

The methacrylic acid-containing vapours are withdrawn from the column via line 305
and condensed in the heat exchanger 306. The condensed methacrylic acid is
withdrawn from the distillation system 30 through line 307. A portion of the phase
condensed in the heat exchanger 306 can be introduced through line 308 into a second
heat exchanger 309 and be cooled there. By means of the pump 310, the phase thus
cooled can be introduced into the top of the distillation column 301. To stabilize the
composition present in the distillation column 301, stabilizers can be used. Stabilizers
can be fed in, for example, through line 311, through which stabilizers can be

introduced into the heat exchanger 309.
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Claims 1. Process for preparing nmethacrylic acid by
reacti ng nethacrylam de with water, the

conversion being effected continuously in a tubular
reactor (103), characterized in 5that there is a

difference within e tubul ar react
WO zlepslfslﬁg%igl rection of the reggti on m xture. %Cﬁ%%%%%gl050294
according to Claim1l, characterized in that the
pressure difference between the inlet of the reactants
and the outlet of the products fromthe tubul ar
10reactor (103) is at least 1 bar. 3. Process
according to Claim1l1 or 2, characterized in that the

. reactants are converted at a high pressure at the
Figures¢ showsfa sehematiccef a prefpded systemiwstiinriag the agwequsephase

which %‘Gbginédqﬁo@%%tsiygfém ]1§ r hgﬁr%%ﬁ"?g %%Eg{ag%{lé@&oaef. The aqueous

'east” one 0 e’precedi ng al’ms,” chara
phasetdzat bé hdrddecpd vid linee408 inte asluicd vaesskirdgguiaichds thajed with

steamyS i " P G0Sirs etS ERa beTirarod vi
in 4GRS EAGEHSD 0t PRGBS TIRIIUNS Wt o

column Hd6awthésh isditewiset dratrged avithesteamoria iasfeet 467t e aquaous

. tenperature in the range of 90_to 130C at the start of .
dischal s CaR bt dioratHA] FHOLH P& igB. dhe vEpotis PhaeRsstirpucsd via lin
409 inf)'d Bhdehger £RC tThebondensed phase is withdrawn from the system via line
410 and can, inter alia, be sent to the hydrolysis process shown in Figure 1, since this

phase has a high proportion of water and volatile organic constituents, especially of

methacrylic acid and methacrylamide.

The present invention will be illustrated hereinafter using an example, without the

intention that this should impose a restriction.

Example 1

Methacrylic acid (MA) is prepared in a system shown in Figure 1. In this system, with
tubular reactor 103 (reactor; H = 19.7 m, D = 0.78 m, max. perm. pressure: 6 bar, max.
perm. temperature: 200°C), virtually trouble-free operation of the system over more
than 6 months is ensured. In the course of this, the system loading can be varied within
wide ranges. Loads up to 20 000 tonnes of MA per year with a purity of at least 99.5%
(HPLC) are achieved. | |
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25 Process according to at | east one of the preceding
clains, characterized in that the reactants are
converted at a |lower pressure at the start of the
reaction than at the end of the reaction. 8. Process
to daim?7, chara rized in that t
wo g%gfeﬁg?%re at the end of t?]zteoer eaction is at FggéltEP%(gpQIOSOZM
hi gher than at the start of the reaction. 9. Process
according to Claim7 or 8, characterized in that the
tenperature at the 5end of the reaction is at nost 25C
hi gher than at the start of the reaction. 10. Process
Claimgccording to at |east one of the preceding clains,
characterized in that the reaction is effected at a
pressure in the range of 1.5 bar to 6 bar. io0ll.
1. Edg%g%;f‘i% ers éﬂh %étﬁ?ggﬁée gb:&%y "é%?gﬁ‘@hfégh%ﬁ‘??hn‘“dé% water, the
adnvarsion (betng eﬁﬁ&*cteﬁl eostnmdusrbj lrtmmbwarcneaomrzém)abharactenzed in

ressure in ther e r at the
Prbtitads paressure MGenes vitdinsPedubilar fepater ubY inalow direction
ing clainms, characterized in that
(%*ﬁtﬁegé?%ﬂb!ﬁ\ @iﬁgr%gctor (103) is flowed through fromthe

bottom upward. 13. Process according to at |east one
ed,in that

2 Plogers shev R R hef iR by lnodtraite ference

t%?cﬁ/@éﬁltﬁél et &tthbeaéétaﬁ&eam tHeSutRit ©F &5 PEbdlc® fidm the tubular
characterized in hat the reaction m xture conprlses

reacios 4503 )da @t ash |1 |barer .

3. Process according to Claim 1 or 2, characterized in that the reactants are
converted at a high pressure at the start of the reaction and at a lower pressure at

the end of the reaction.

4. Process according to at least one of the preceding claims, characterized in that

the temperature is measured and regulated in at least two regions.

5. Process according to at least one of the preceding claims, characterized in that

the reaction is effected at a temperature within the range of 90°C to 150°C.

6. Process according to Claim 5, characterized in that the reaction is effected at a
temperature in the range of 90 to 130°C at the start of the reaction and in the

range of 110 to 150°C at the end of the reaction.

7. Process according to at least one of the preceding claims, characterized in that

the reactants are converted at a lower pressure at the start of the reaction than at

the end of the reaction.
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15. Process according to at |east one of the preceding
clainms, characterized in that the nolar ratio of water
to methacrylam de in the reaction mxture used is in

the 25range of 1:1 to 7:1. 16. Process according to at

of the precedin i s, characteri i
wo 208891159 P g a ﬁgii/%@oog/osozm

10.

11.

12.

13.

14.

15.

16.

a mxture is used which conprises 10 to 4
wei ght of nethacrylam de, 22 20 to 50% by wei ght of
water, 30 to 65% by wei ght of sul phuric acid and 0 to
5% by wei ght of additional additives. 5 17. Process
according to at | east one of the preceding clains,

Broess taecoriiay tonCldat 7, tidharadtedted imethat felteenpesatire ait the end of
Q&5]he range, of Process according to at | east

1to 2. 18. _
Reeartiomis afrleadd’ fghishar than atihe startel hedepgtiehat t he
residence tine is in the range of 10 mnutes to 2

hours.
Process according to Claim 7 or 8, characterized in that the temperature at the

end of the reaction is at most 25°C higher than at the start of the reaction.

Process according to at least one of the preceding claims, characterized in that

the reaction is effected at a pressure in the range of 1.5 bar to 6 bar.

Process according to Claim 10, characterized in that the conversion is effected at
a pressure in the range of 2 to 6 bar at the start of the reaction and at a pressure

in the range of 1.5 to 5 bar at the end of the reaction.

Process according to at least one of the preceding claims, characterized in that

the tubular reactor (103) is flowed through from the bottom upward.

Process according to at least one of the preceding claims, characterized in that

the reaction is catalysed with acid.

Process according to at least one of the preceding claims, characterized in that

the reaction mixture comprises at least one stabilizer.

Process according to at least one of the preceding claims, characterized in that

the molar ratio of water to methacrylamide in the reaction mixture used is in the

range of 1:1 to 7:1.

Process according to at least one of the preceding claims, characterized in that a
mixture is used which comprises
10 to 40% by weight of methacrylamide,



- 17.

18.

22

20 to 50% by weight of water,
30 to 65% by weight of sulphuric acid and
0 to 5% by weight of additional additives.

Process according to at least one of the preceding claims, characterized in that
the pH of the mixture used is in the range of 1 to 2.

Process according to at least one of the preceding claims, characterized in that
the residence time is in the range of 10 minutes to 2 hours.






