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1 Method for purifying nmethacrylic acid The present
invention relates to a process for purifying

nmet hacrylic acid and to a systemfor performng this
process. 5 Processes for preparing nethacrylic acid
have been known for sone tine. A customary procedure
consists in the controll ed oxidation of hydrocarbon
gases, for exanple propylene or butylene.

D sadvant ages of this process are the yields obtained
t hereby, which are rather |bw when viewed overall. 10
In addition, nethacrylic acid can be obtained by the

reaction of neNEEIY FEmpaiefying Mnethiceylic ABids process
is described especi alcmﬂ)i n USg7, 253, g%?. According to

this publication, the reaction of the nethacryl am de

e pfdeh Fslioh BiatSs ] 4 5Ehis By Bubird Fmd e Sa8 o -

reac eren (5]

systempefof peﬁbngmghhlsrmacéss)n at a 15 pressure in the range
of 3.65 to 7.70 bar and a tenperature in the range of
50 to 210C. The resulting reaction mxture is cool ed

Procs B ke 15 SRS BESAE AUP R oS s A ptoman

procedugacorsigibas the ddvetroldbelsoxicatiqur oﬂwdrocaxrbbhgasies pfomtea(dmple
rocesse

propyieae printySod PiseoliRanaes 4 s PRoGsSH 41E e VFIGS PBRked thereby,

wh:ch'a?é%th@1&@%Mﬁé\ﬁéd%%§éued with a high purity.
However, nethacrylic acid is an inportant product in

the chem cal industry which serves as a starting

f { Th
in aodf g8 TeRY st BB ciaineg BhGH oSty g it
water.| This p%ﬁ%}%ﬂ@td'e@&rlﬁé@b§pe¢x§ll3ﬁ§ﬁ§8t7 253 f39'7 Ab@o@ﬁ@\@ﬁﬂwi‘s
success of a prepar ati on process such

publicatigiyrthameagiicsveicthe reethacrdamide, with V@t@r ¢an hpraﬁﬁe@t%msa stirred
tank rg\ééétpr 5?329&3!%%qa%?0r wggggéngeegqu eg‘g%q ;g%acgrl{vﬁﬁg tr?é ré&%on ata

press@‘egnltfﬁda earge oﬁ:sivsartc@ Y0 bar bagar @nigerbhige W tierargeUsfeso to
he preparatl on_costs. In view of the prior art,
210° C| tT hﬁsfeﬁwugg dpRgigremixtyge 'ﬁrﬁ@otﬁde@éﬁthqqii@éﬁh@féﬁﬁrt@d passed into a

phasefePar&0r HE'CSRSRiueous phase is separated from an organic phase. The
desired product is then isolated from the organic phase.

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 vobject of the present invention to provide a process
for preparing or for purifying methacrylic acid which can be performed in a particularly

simple and inexpensive manner. In this process, especially the yield, the purity and the
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30 for preparing or for purifying nethacrylic acid

whi ch can be perfornmed in a particularly sinple and

i nexpensive manner. In this process, especially the

yield, the purity and the 2 service life of the

system for preparing nethacrylic acid are to be

increased. In addition, forfration 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 enables

very inexpensive production of nethacrylic acid. 5
servicEigs of ey &Estem fapBrépHrimdenetiiceicsacid e tdh€ intbased. In addition,

stated explicitly but which are inmediately evident )
formagien @f sbdesisasd By-oreguatads tobe srningaed di wagdhersforerafuither object

of . . .
of bt s ST L0 sy S0, B P ei R 8 whicn
enable®defy inakpansivd prddietiph @f essthacefic acitlg to t he

i nvention are protected in subclains. Wth 10 regard
to the systemfor performng the process, Caim?21

Thesé%@%&% ﬁna%HﬁéroébjE&st\ﬁ@ch pdlrré’ l?l'o‘?@?a?%d LRbIRGRSbut v;/rll?iﬁh are
present ‘I nvention-accordingly provi des a process tor
immedghiataly gvidgntret diszcesrlabte frondthe edringetions disguasda herda by way of

. that the reaction m xture obtai y a regctign, of 15
introdyeltin s PRREYES ;P aaes hav b eatiiey GhedRHy TwABRIaate
modifidgtisi o %%M%@@Qcécf]ﬁﬁgft%%éqméﬁfoﬂ &e%@&?t?dsin subclaims. With

separator. ‘As a result t hese measures,
regardsiar itwei syisteyh yoppadinhingttbe pracdsse Claipr 2t offersf asolution to the
bbpregaqig% or for purifying nmethacrylic acid which has
problem SLeSSFar Iy out standing profile of 20 properties.
It is surprisingly possible through the process
according to the invention to prepare nethacrylic acid
The piaseat pwentien kgeprdinglyprevidesa draerss o ppaféng methasrglic acid,

ok i i j ' ia, .
which 1 ch Bt RE T ot the rRa BRI inBy e Oty Brebion o o
methakchgasidd with waiten i€ pesled bynmibxias withiah agiebus medium and then
"~ Furthermore, the formation of undesired by- products

passed dMoPhpsk AERA@IYy the process of the present
invention. Preferred systens 25 for performng the

s a BEAE B o8 shOSRERSE L s BNERL PRI B e & mess o
prepafimgredfatpiryyihg hestaasnlie agkRiBIch 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 the 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
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According to the present process, nethacrylic acid is
obt ai ned by reaction of nethacrylamde with water.
This reaction can be referred to as hydrolysis or 3
saponi fication. The reaction can be effected batchw se
or continuously, for exanple,in a tubular reactor or
a stirred tank reactor. In a3particular aspect of the
present invention, the reaction can 5 be effected
continuously in a tubular reactor. The terns
"continuous" and "tubul ar reactor” are known in the
technical field. Continuous reactions are understood
saponffila@ighal |y to nmean reactions in which reactants are
added and products are renoved fromthe reaction
m xture over a prolonged period. Tubular reactors

The rRTBhic3R I ERRH oelRuRE Y PhUATEE G XU PR R tngier reactor
or a stirfed &drik fiewetor. B Aphaictirdspect bPihe PradesOIntBSticIARhé ddaction can
costs are conparatively low Wthin the tubul ar

be effeead continuoys!e §xatebulpf raacker: d hedgrps es@itiopshand "tubular
reacto%gr%qmov{/ﬁ‘inf ﬂh%‘(’]i’e?ﬁhiEEPﬁéléf.”CBEtirﬁu'rkﬁjsr n%%{ibﬁ’é‘g@ Zihgér%tooéi

I's pressure difference can, inter alra, be achieve
especidily togeah fdaetions irswhichgicantants tre adtide ahdpubduicts are removed

o Sl e S 2, b S Shomie st
one tuﬁ[l%'?er@ ioh ™ SWHi&Pthe fddcBion &Eﬁﬁ&@e&&nﬁ%%eg%%fo% i&Mly have a
yar [ e

ostatic pressure, 1In case t reactio
relatively>dimpte coetrretonhandigh the kapijhitcasisd aer evropaiativelydow.
direction. The pressure difference which is preferably
present between the inlet of the reactants 20 and the

WithinGHEt8bulaf rddt®oR aqstaes grel diffEidned rhip preferdii ek YPresentNAflow
critical per se, though surprising advantages are

directien lof Hia eaactipaanixiurenT hisepresswedlifferenicgicapy sderalia, be achieved

ovousflEEHRSEo el T B OB ol IR one

anothe/NfxRe@hesle Y URINRI @5 arBfhrRPsMbeYRteRsHTane présertinvention, this
the pressure difference is at least 0.5 bar, nore

featurgyean degnnerated uaBydresiadic RIASSUEs I whish&ags the seactionsmixture
passe%tfﬁoeap a ﬁggh@éﬁgfﬁﬁ%?low alfé&[btn. here may assume any
orm~for exXanpl é a stepped form "However, particular
preference is given to processes in which the pressure
red continuousl Thi s can be br

The pré?ﬁ@rlat Cﬁﬁ??’]@? Waishds Brefetably afe%easbﬁwv%enaﬁ%g]it@'e?%? the reactants
and the outlet of the products from the tubular reactor is not critical per se, though
surprising advantages are exhibited clearly in the case of a high pressure difference.
However, a high pressure difference is in many cases associated 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
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axis, which is defined by the flow direction of the
reaction mxture, is inclined wwth respect to the
earth's surface. The angle of inclination is
preferably about 900, i.e. the 4 tubular reactor is
aligned essentially vertically in relation to the
earth's surface, though relétively smal | devi ati ons,
for exanple of |less than 10, preferably |ess than 5,
can in many cases be tolerated. 5 In a particularly
appropriate configuration, the reactants can be
converted at a high pressure at the start of the

tubuldreagétioP s a@e@te@énﬁw vertieam inerefdtionn® B8 &apth's idrface, though
reaction. his nodification can preferably be

relatw@@hqsmguld@ulayyne,. fior exagle pblgssrpandh’ aorptq;gbkyrless than 5°, canin
is inclined wwth respect to the earth's
many ng%’% eto}@?%t%lat he bottom upward, such that the flow
dlrectlon has a direction conponent which is allgned

right angles 10 to the earth's surface.
Ina Pﬁ@t&é‘ﬁﬂﬁﬁ%ﬁpﬁ@e&%‘@#@i'% the Eﬁiﬁéﬁ%@sdﬁa”rt&j%@@ﬁed at a high

pressf?tre e?tztﬂ ‘r:saarfﬁgﬂkl & % ; thetaa%% réQer%%‘i‘We Eﬁﬂtéﬁ?ne reaction.

ur| al so
This medlﬂca:ta)d carepreféralih;ebes:mﬂgmedctamvuttaeaﬁlﬁowthdough a tubular

especially by effecting the reaction at
reactar WGl ANISEGMI fRsPetbloaNgaT s SHEACR Tyom 165 Baftoppupward,
such t@lapﬁ{e oW o d’?@Eﬁor’Phﬁg %rﬁFédflohrbcHi'ﬁoﬁ %ni% lszaﬁg(?\e% attﬁijht angles
Appropri ately, e conversion can be perforned at
tothesa:aaiM"fssxﬂrfadee reaction at a pressure in the range of
1.5to 6 bar, especially 2 to 4.5 bar and nore
preferably 2.5 to 3.5 bar, 20 and at the end of the

The réRAiohi in 17 eﬁe@téﬁsa?tlél@vat@d R Ped@i@epksire. @Lﬁplb@lﬁg advantages
nore preferably .5 to 4 and nost preferably

with regard tqike yiekt and rhhe éhﬁ’%’r@fttbﬁ Pregyct| an@mlaf,bth@esamlpmhfesﬂof the

oyt 4, R A RERI L  oePe TFAGR fr ranse

of 1 bah® 8 eactpreferabigties dadtd Bdaseind merd pidferibly inethplrange of 2 to 5
be achi eved by virtue of the reaction being 25
bar. performed at a tenperature in the range of 90C to
150C, preferably 100C to 140C. The inprovenents
detai |l ed above can surprisingly additionally be
Appropnbmly; dhle Icsbnvm'rmecaﬁ bg penfermedddtdne staat of the rehation at a pressure
e on at a er at th t th
in the range ofa$t5I to 6 bar, espema Iy% g‘p g%alr”aﬁd mgrne greferagly 2.510 3.5 bar,
and at the end of the reaction at a pressure in the range of 1 to 5 bar, more preferably
1.5 to 4 and most preferably 2 to 3 bar.
The reaction temperature may likewise be within a wide range. Advantages which are
not foreseeable per se can, however, for example in relation to the yield, the reaction
rate and the service life of the ‘plant, be achieved by virtue of the reaction being

performed at a temperature in the range of 90°C to 150°C, preferably 100°C to 140°C.

The improvements detailed above can surprisingly additionally be enhanced by
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
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end of the reaction. Appropriately, the tenperature at
the end of the reaction may be at 5 |east 5C higher,
preferably at |east 10C higher, than at the start of
the reaction. The tenperature at the end of the
reaction is preferably at nngt 25C hi gher, preferably
at nost 20C higher, than at“the start of the
reaction. For exanple, the conversion at the start of
the reaction may be at a tenperature in the range of
100C to 130C, preferably 5 in the range of 105C to
125C and nost preferably in the range of 110C to 120C

least S°OBIgHer tdreferaBlyadt Ié4et 102 actigher, thaaetl stafsofitRe kégction. The
range of 110Cto 150C are particularly Ereferred In

tempeaawe et the and @6rher @ﬂcﬁ@néﬁprqfﬁéﬂ%ﬁt oSt 26 dighair ereferably at

most %@‘%‘Cﬁy\gr tﬂa pr e ﬁ?fltheGrggctr r@gﬁ%gﬂgén 31[ gfs%n at the

start df lﬂﬁ?e r@rmehahay beceara trempraa&ueerd tlean chrendf t00°€dtoat 3GRC, preferably
ions of the reactor. As well_ as_ the

in the r@m aﬁﬂ@ﬁ Q H>e12 Acandmegtargfesaiyyn é'%ﬁrﬁrigseeOfaHm G tpet20°C.
Towareig'tﬁg e"?r'&leofliﬂgvr‘@?c:ﬂdh Jé\frgé?ﬁmescrﬁlthe rgrgge of %6 t¢be4e are
, r exanpl e acids, and

al'l
partrcu;laaio lprefeereel ieha plartmtmmcmnfrguratrmr itlzeima)ormufn telngperature achieved
unsat ur at ed conpound 5 t.i.on refer I
may bEGash (AL, AR AIE G0 AL Rp St s GeAnd et preretaby &t most
135° CC?\ Spné{égdtﬁ’é @%@éﬁdr@‘&aﬂ%é’ﬁ%‘a@h%&?ﬁnd EBRtroMdPAYAl [Bast two
can addition y be added to the reaction
regronmofttheeeadtnr addi tion, the sul phuric acid may al ready
be present in one of the reactants, for exanple in
t he net hacryl am de and/ or water. The pH of the m xture

As weH%%C{theﬁﬁén&f ﬁ@r@éﬂt%nbﬁrxtd}etrﬁéy cangrisefadbitives iwhiBRa®e known
pref er ab %Urnteraneo . In order to

in the tﬁcémml figltd ddiesedngudy reepreqnatly @atad»fsm Her axample agids, and

i RN ol Ry A S SRR FEbL D

exanpl e hydroqui nones, hydroqui none ethers, such as

hydr oqui none nononet hyl ether or di 25
The rqag;rpn @gpﬁrggwg%lgtb@ceﬁ;plysgﬁgwm #¢idzinnhich case sulphuric acid can be

used vgftrgrpgﬁ@hﬁ??ﬁe\ﬁe)r e W@’etﬂgﬁﬁih@%&rﬁgc)?yq aéﬁ‘ H502K be added to the

hy pi peridi ne
reactrqn rpim&ngé émeddaionnthe sephyfieaeidohay atready &ei praként in one of the
ere heno

reactam.se| Rlg reklﬁ%mﬁ{ggcrggqmrégkn%\?mr waterhjlahe p 01! t%e mixture used

may preferably be in the range of 1 to 7, more preferably in the range of 1 to 2.

In order to prevent undesired polymerization of the unsaturated compounds, it is
possible to use polymerization inhibitors in the reaction. These compounds, for example
hydroquinones, hydroquinone ethers, such as hydroquinone monomethyl ether or di-
tert-butylpyrocatechol, phenothiazine, 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
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used individually or in the formof mxtures and are
generally commercially available. Reaction of the
stabilizers usually consists in themacting as
free-radical scavengers for 6 the free radicals which
occur in the course of polyngrization. For further
details, reference is nade to the comon technica
literature, especially to Ronpp-Lexi kon Chenie;
editors: J. Falbe, M Regitz; Stuttgart, New York;
10th Edition (1996); under "antioxidants", and the
references cited there. 5 In principle, the tubul ar

the frdee@@idaﬂs safchbscouna gRfdcarss méNzaRiopP Fyr Agthisidetails,
to the reactor from a%%‘ desi red source prow ded t hat

refereneg & Marderto fas camMenyfesinigal gtarattre negprciallydo drasapy-Lexikon
cremf s U EHEE! RL134aie; ST 1800 YORGHOR BRI (19593 uncer

"antronﬂamtlsg aval #ie mﬁe‘rebe%uﬁadi tiestet 0 t he reactor. However,
10 it is |likew se possible to supply a m'xture of
wat er and organi c conmpounds to the reactor,

In prmE@ﬁ%'&@?? tl)LEClglg Eel@g?&fﬂa?’r bé Eh%@%ﬁgﬁﬁ Wrﬁgétdbyoé‘lrjﬁﬁlgpg Water to the

reactopfrooeasy deemsedrobqrreyldehdhaem watérhashar gededients that might
and such, or

| tl t f t
adversshfatiatibe tabohh dpacliah o B Suserten! RocRs Sindem e
examrilé‘ dé]ﬁm’é‘f"‘él%ﬁ%t@} 6? Q?lﬁnqﬁ%@err@éh bé %UPSW fhe r*é%ctd? However

he range of 7:1 1, nore prererably 5.
it is hkawrse prassikie atblsyppla awmtureeof:watem@ndwgamo:u Gﬂmmjﬂs t@di;e
reacto&%st tg%?db @}“eam bg ﬂourglf@g |€rk1) lgg{)pzegg |3 %%/‘E'Qy H‘Jo? é)referred

embod?rl‘r@fn@ bﬁﬂie\/pr%@eé@ pre¥érivad nerdl the r@éctbﬁtsecfharé@d EQIeta%t paftty with a
by ight, nore preferably 40 to 52% by wel

leth%@lf wﬁt@r andygeh QFQ?"ICOC@!@PQWQS} The gmlar (4Tl %M‘?éﬁ"é?%bl y
methagw?arﬁ%e‘]il{"tﬁé( ?) tmlx‘?urea\ﬁjsgéaI lln% a1Lor %ngdlé(er? |n the Japge of 7:1to

rrsing a ages can be acC Ieve eCl a

1:1, mcaaspreﬁéraalweﬁtﬁmma time in the range of 10 m' nut es
to 2 hours, nore preferably 20 mnutes to 1 hour. 25

For the success of the invention, it is essential that

Preferhbl§, & FAKIUORaATbE W& RRIR fpfed he

10 to 40% by weight, more preferably 20 to 30% by weight, of methacrylamide,
20 to 50% by weight, more preferably 26 to 32% by weight, of water,

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.

For the success of the invention, it is essential that the reaction mixture obtained by the
reaction is cooled by mixing with an aqueous medium and then passed 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
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reaction is cooled by mxing with an aqueous nedi um
and then passed into a phase separator. It is thus
surprisingly possible to increase the service life of
the system while further advantages are al so
achieved. Mre particularly,,this configuration allows
the 7 vyield of nethacrylic 5cid to be increased and
the formati on of by-products, especially solid
constituents, in the reaction mxture to be mnim zed.
The aqueous nedi um by which the resulting reaction
m xture is cooled preferably has a 5 tenperature in
yield dfftRethaBggic Acidffbé hdB@ised and tid RiraTatibhlof4Y-preddéts; especially
The volune ratio of the reaction m xture obtained by
solid ganstitueats. i ithe erantionenixturg tafgadinimizgdi um nay be in
the range of 2:1 to 1:5, nore preferably 1:1 to 1:3.
The aqueous nmediumto be used for cooling can be
The aguephd médimﬁﬁy wisich hige pssadtireg rezittiod Onipfure és soolét@referably has a
aqueous mnedi u xanpl e, consist of water

tempeé%W&P insther r@.neﬁ@f ZYOCGﬁQI&Q (e AtTe\mretenably ARperS” Csﬂ@@{\@'ume ratio
of the rﬂ?éctf%’ﬁ xtt ereﬂeoﬁ fee:fetac Qﬁtl\?efh‘?% égﬂ‘eodg Heldifm may be in
ar queous

O use

the ran@eioﬂmm 1:5 nmrelpira‘erastdy hyl tcsaap}ar ation of the
reaction m xture obt ai ned by the reaction. This
neasure allows the costs to be |owered considerably.

The aﬁtﬁ‘e&hé ﬁl‘éﬁﬂlrﬁ% by L&%ﬁﬁbﬁ%é‘lfﬂ@bi@ﬁ@%ﬁ??hé‘d FF@QH% thd PRoduction

aqueous nedi um can be di scharged tromthe phase
processe ﬁdneaaqlreoumnedmmmmfcatexampls cmstl dflveatas oncomptse further
fin t ha

consifisty S, Rk esEP DAL 58 I B, BRSNS RS o

mixtureelt 3¢ béiﬁicwdr? ﬁifr@;@@étb't@rﬂﬁse@n Qﬁ@é’éUé?m@@Rﬁﬁ miHiéMIsSobtained by
especi al solid by-products, and these proportions

separaim @‘ethmrﬁaﬂﬁicz"emlxturet Wetnalwi by the feastion ohhismmegsurealews the

cost o8 EABLRSHRIATE s kS BARR SRS B o, e
aqueouBengdiofessn Be elahianged frobhihel Mskemara@rsvmbmﬂguratlon is
have exactly one phase separator in which t

possibleaga reﬁglt oblng PeRTEINgLinding Hwaééb@@aﬂéaw ﬁhaS%ﬁbtamable ina
separé%fogﬁ'ﬂ'rg%r%@ﬁ&? SnBRséd F@%t‘:\ﬁ%g Egoﬁ%rﬁ&% Sf"brgamscu%%nstltuents,

WO  or nor separ at or
especlah;abf sbkd beqcodusts nand thesel mopnttmdwaaobé momnrazeéd fusther by
t t d
punflcgtlc?nsgr 83? aeraa}]socgf e; QUI?ablea vgl%%%)en of gr}lréc’tephsa%%asrea}:}a%tor and the

associated reflux ratio.

For the performance of the process according to the invention, 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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This configuration of the process allows the cooling
circuit to be decoupled in a particularly sinple and
hence | ow mai nt enance nanner fromthe di scharge of the
8 inorganic phase. Anpong ot her reasons, the discharge
of the inorganic phase presegt in the second phase
separator can be controlled 'n order to achieve
further inprovenents in the service |ife of the
system The control of the discharge of the inorganic
phase can be effected by neans of a pressure
differential neasurenent and/or a capacitive 5

inorgar@pHaseeRhond lagheh reabang ahs idishargaof b ipasgemc phase present in
through a screen, such that relatively coarse

the sqeendiriiass separater saRde.conbiellediin Prdanjo ashigvgeyrther improvements
in the r?glr\ﬂ[:é YRl %.(f tﬁ@%&@%n‘? a'fﬁé Ebrﬁolc&mhé’ H?sfcﬂ??ggénéﬂfc Q\% ipgrganic phase can

ani ca conm nutl
be effetn‘eeldd)eMeaﬁsrof exgepswre differaptinbme@soferhemttaridor a ichpasitive
This configuration contributes to a further
measyiagiefenent in troubl e- free operation of the system
t hi s enbodi nent bei ng enabl ed especially by the
specific cooling of the reaction m xture, since this
The dtslcham $tf&arb30aprb333lpa$se‘dohhrmngma st:ceebe surh riiham realivety coarse
a si ree tha smal | unt
partilB e fo @ire: d hecBtiai e tEedd clatVB e Re eamimen cauprefgrably be

meché?h@éﬁv @orﬁﬁﬁﬂﬂﬁéa d$h%&ﬁ}nﬁf&|oﬁrc%$1er5€ eff@cl*e@efcﬁf%%ﬁe by means
hase renmoved can be isolated in a special

of turhmntfflqvm iThis ednfigusativrocentsibatasdodi fugthes impeovement in trouble-

free op@ei0hisT e SPitebt BisBed oo Beina’ g eBPEREy by the specific

coolingidf thé t&dtiohmixfute! sinke tigis ianewsthe by retdétfoemation to be
constituents still present in the aqueous phase. The

minimgegdaistich@ sionificanieegreednatenly small smpuntsieivelativalygiparse
pamc'?ég’%\%?ggg ({gmmd? ryI ic acid, _can b_e purified angl

n - a par |cuI ar configuration, the organic
phase of the separat ed reaction m xture can be
purified t Wo- stage distillation. Preference is

Or ganéﬁ %ﬁp%mﬁ/wﬁcf\r@m PRGN 'B\Xp%@iqplaﬁ@s WQSQSG'ES‘PM%&?E be isolated
t a

n & S AR 5o b A SRR EEY S purose, e

aqueositiphasenemoxed @aarfiskibeé 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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To renove | owboiling constituents of the organic
phase, the crude nethacrylic acid is preferably fed
into the upper half of a distillation columm. The
colum bottomis 9 preferably heated so as to achieve
a wall tenperature of about 50 to about 120C. The
purification is typically effected under reduced
pressure. The pressure within the colum is
preferably about 40 to about 300 nbar. 5 At the top of
the columm, the lowboiling constituents are renoved.
In particular, these my, for exanple, be ethers,

preferabBi tsrtedRd aeiohydhié s awil tefiperaiape of abaues0 to about 120°C. The
subsequent|ly condensed by neans of one_or nore heat

purIfIC@j'(l@ﬂé‘.ha/@K@”y leffested wader reduped pressyise.uERg nressyre witgin the
colum?r}ggg)zefg%m}/ SKBIPAG to bbbt 36 gg?irf orma condensation by

WO Seri es-conhec wat er - cool ed heat
exchangers. However, it is equally p055|ble 10 also to

use Iy one heat ex han er at. this point.
At thed2B o4 e pallm the lawbRing casstieniaale, o o garicular, these
[ [
ey, G e IDPLAERE B B AR, 318 e
subsegaéeptly condartcddat meank ari gae armoteheattechaogerd Itheet been found

to be {RETIENEARRe FaLer dPbe Dl HEt(o RaARHE( SaPYaalop fgmeans of

two sé?festd’%rfébtéHJ rv@atéf bB&eGQ@a‘F@xBH’&‘i ECHBNEOES it ib 'éq@ally possuble
further 15 configuration of t eaparatus | ow boi | 1 hg

also tues ntyuene Beatexchlapgebhat this pait.gde heat @(qr@wgermaneepreferably
changer.s urs

outI et e _cascade of, heat e a
operailihjerbfalatierBIifieast o FRncBle ARS8 PRyise Tyl BBRHES weting.
Connedtédab@nsiedin éfaha vidtapeoslediertt @xchadgwreortthe wateeussled heat

may al so conprise water, any aqueous phase obtai ned

exchangergi 9y e biinencoslas hea exchangeiebutitiis plsetRassibl@ie connect
downs??é%'m%aecﬁ%aa? B?fv% %ﬂﬁ;rgrbtrfﬁ rcéglééi 'hé é%hé@e?&% O1\further
g n on. € organic

recyc SIS reac

conﬂgptmsa crfeth@mpdaraws UeM@@llmbthltaSntBQfdMSb beadisdtearged via a low
um. A _portion of the organi c phase can in

. f th
boiler Byt FeingeapoRge giMaAt eREMSSI e aRgrs BupSongsednarovided
with st3/18Rah@Pror SkAfBId REnPIAARESBARRSBFTIRL. ife Papbiis nay also

m xe stabil'izer us ‘possi
comprsfefwatervmﬁwawmphéser ebtaired isatispaisedinofadr seait o adurther

utiizatfiy e Kb e.Sha poruPRGRERE bufions il of re&iding into a
hydrolPk Y&Bétiopat | on

The organic phase removed may be fed partly as reflux into the top of the column. A
portion of the organic phase can in turn be used to spray the heat exchanger tops and
the column top. Since the organic phase removed is a phase admixed with 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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tendency of the vapours renoved. The condensate stream
obtai ned fromthe heat exchangers is additionally
preferably 10 adm xed with dem neralized water in
such a way that a sufficient separating action can be
achi eved in the phase separ atr . The gaseous conpounds
whi ch remain after the condensation in the heat
exchanger 5 cascade may, preferably by nmeans of steam
ej ectors as reduced pressure generators, once again
be subjected to a condensation by neans of one or nore
further heat exchangers. It has been found to be

admixedvaith dgeinetalifod watiamisach @asay thaskzesufficieht separating action can
post condensati on condenses not only the gaseous

be aC'%'QB@‘# dhthesphassserfralepurification. For exanple, it
is possible to feed further gaseous substances, as
arise fromthe main 10 purification of methacrylic
The gasécmbs ¢@npumh1detwpmﬁ reomal e rastat itha coridhensatioant dge hebt exchanger
ocedure lies, for exa t

hus bein
Cascaaﬁlr@ax ®r g{e&ﬂ@f' THEBPY Bgﬂqaﬁ?ﬁ ec %t%@pyp?é pregsuge generators,
once é(gbhﬁ '?)erb%ﬁ)éék%d %%%&ﬂ%ﬂ@ﬁﬁﬁ?‘ bl tnddits OBbri: BHHJré ?@ﬂﬁé}rheat

age once nore via the separ ator into
exchapgeist itdeets e rc fdwnariof ber admtpgecpmséx exzbnomic reasons when such a
ensure

postcc{)r}ﬁ}sg l{)ﬁ)%f%hggrgeesoﬂotoqnlytﬂée dasequs alﬂgt%ncdetse?( orgﬁbe prepurification.

For ex'éh‘ibl@“nﬂslﬁoéé?&é% f&dd f@fﬂ@%a‘élebfis %ﬁbgtaﬁﬁéel las éﬁ%@ﬁﬁﬁf the main
sui tabl e sel ection of desi gn and of

punﬂca@@m af methagryihaeid, tausudiea memongleahaﬁf@er@eaaqimagmf such a

proce BRS04 98 ATBLRArS35e g o meppcr

acid whichalthsIAdEseen Eomddngerl ipuhé magiatgwiicafion Bageririvachple gia the
acid, the crude, &@t purified nmethacrylic acid is 20
[

phasemaé@péwt@@%ﬁ@ﬂ o e@lumnger e puiposes péégenqﬁércatlon Itis

t
s oG5, FELIBEL oF Rl I A Al e, apa rinimur
losseSOdiftraetma@h&lmaﬁld Ued:lhaMQreo@er #os suitabie selestioh lofitheddesign and of
the opé%%n%fct gee Qer ‘ Ft)ltegcﬁ%gé%w gﬁwstége_an Olestl nof\l\t'ﬂlecoq'fgas

[ e
Ieavm%'gi%\éer?%artét chas %’r:%f gsf) Mﬁﬂé &Slﬁqtt@ﬁ%gﬂg l'é?s bn%a{tﬁlésted.

distillation coI um i s operated with one or nor e
For finE?ﬁqurk'\%gﬁ%nmgt 4 Cohéq%rgl?cngmg ptll)'\reoc):(rlu e,t Srle}f)utriﬁeé r|]T1eethacrylic acid is
subjected to another distillation. This frees the crude methacrylic acid from the high-
boiling constituents with the aid of a distillation column to obtain glacial methacrylic

acid.

The distillation column can in principle 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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Firstly, just like in the other lines through which
nmet hacrylic acid flows, a mninmm/|level 11 of
so-cal l ed "dead spaces” should formin the col umms.
The dead spaces lead to a conparatively |ong
residence tinme of the nethaq&ylic acid, which pronotes
its polynerization. Mreover, it has been found that,
surprisingly, dead spaces are in many cases not
serviced to a sufficient degree by optionally used
stabilizers or stabilizer 5 m xtures. The

pol yneri zati on of nethacrylic acid leads in turn to

of so-EXIRRNTHeHd SPRAUCEROUNd F6HHifl HNSolaRthsC TRBRICA $PackBgead to a
appropriate parts blocked with polynmer. One way of

compaigtinelyrlong residencs timei afthemetbaarytip aciss which pmotes its

polymEHEBHAT NGB oUET. Fiadie) RS e suBBlHBvpPRE 5BA are in many
casesHiditisepviesd taasufficiait ddgrelibg opsivallly Deéd sibilizars or stabilizer

. flushing of the colums and especially of the colum )
mixturegt Epe ROYyMerization eidnphiernmiigacidleadriie wa. tomxpensive production

shuta 58 GGty P HTBSn BB BB 5 L g v o
countérmaathedi formation loé deat wpacesis bt throogly tiedesignatidetirdugh a

. ne anot her such that no dead spaces arise. This is
Su'tab%cﬂw%r\?@ag 6‘9/05% the eplung| & g'&‘iag’ﬁﬁ%%%t Withed puificient amount of

liquid, gg@ﬁ%h&%&%@éﬁt’f (RhifiEscheResuiRE %inﬂaésfpggiall?é? he colump internals

hesi on seans have at |east 2, prefe y at | east
such asnplackings israsthée\adol. - oaindtamss, the colinmms prayuviessrapdevites which

are dq@ﬁr{gﬂ?\‘gg S%ggragfﬁ%%gggggbﬁ]%ggﬁel Eeﬂr:]g.t I{q@g{ditscﬂ’g?,ﬁ%gélmdbintemals
may balconf@stedldBHe érgctg’fhlep sgéietting @dad 838¢ePRNE. TS dMeved by

nmore preferably east about 50% but generally not
meangof eutletiifigesor ditetruptedaaitiesiomseanms hedgseribethbetednafter. Such

Sj Sur be that. ip the-internal regi f
aches{EsrRRATS o R 27 Prr Rt ClePeRoaivinP o' F8ieBliettoast 10
interruptibRs pBe 1Mo aghpkiod skeingllerg@is STRS Idman ofbrise iARYouptions may

preferablx | ess than about 25% and nore Preferabl

be seleeted sushrihabibey makesprat gast abpphdB%, pselseahlvipt ye%i about 20%
. . b
and mEfl Bel BB o6 41! R, O R IR ot { G e

rior he co
adhesioa sz ilengte dAnothiee akebignaneasiite mabplbecthat, $ntHeaitesrnal regions of

e col g o s SR e o e eBec. ess
an a8yt 92 AORRPLEHEh BB 2090 ERALAAE S Mtg ran about
10% oﬁaibsntfébes,se,ﬁmeiaﬂy 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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noder ate tenperatures and | arge evaporation areas
during the evaporation. It may be advantageous in
this context that the amobunt of liquid in the colum
bottom anmounts to in the range of about 0.1 to 15%
and preferably about 1 to 10% of the total anount of
met hacrylic acid in the colufn. 12 1In the
purification of the nethacrylic acid, high-boiling
constituents thereof are separated fromthe product
by distillation. The bottomtenperature is preferably
about 50 to about 80C, especially about 60 to about
75C, at a wall tenperature of less than 5 about 120C
The material obtained in the colum bottomis

In thegrusifieation f thendethparyin asidoighspalling censdituentsyhereqhare
separfler8iShe HEHEARY o901 oBe iR PuBIn BRbHBliegY eibigraby abou

exc era

50 to 4PoiitoB G Wisp8Bially Bbelie6ald ubabors °ClGuttowal earhp&&urkQf less than
and nore preferably in a range of about 50 to 60C. To

aboutj’4%’6ve the yield, the bottons of the second still can
once agai n be evaporated. These bottons of the second
still can preferably be evaporated wth a circul ation

The neatapairaitainednnl thentoluehre bditomtis préferaisy oadoséd cbntidinusly and

nfiguratjon is preferred over 15 thin-fil
cooleq by garaliop 1 Bpat %Q%weépr@daspaaswg@eqﬂyraéw eﬂnm%atieaﬁhangers to
atem ér%ﬁ%ghg %ngéeof%o%t 408b U8 e &(e?é}%b}ﬂﬁbegut%@' fobhbout 60°C

y-pro re present 1n the mxture to
and mevepoefetatly in Suapge sof aboyt Shtone¥e., surprisingly
effectively cooling of the reaction m xture, which
| eads to unexpectedly | ow by-product formation and

To imﬁid&/@%é"yﬁakﬂ'j tﬁbﬁd@ﬁﬁ@ﬁf e dd@naddtiltanconte éééiﬁ'HeSevza orated.

es It possi e tQ use circul ation evapor at OI‘S.. .
Thesenpotiaras pbherseeans sl ecampreferablclod gyapoiatecwitt a circulation

i Cati |l ati : ) . |

evapofiih ESq e bl s 98505, 0 G AioEbFegibe overa

thin-filre@bvaporattrigersasohs of cbss Huwsser! diRcUNtin &Fagdigtors are more
vapours can be renpved by water-cool ed heat exchangers

mainteyianagyiniansive it selid By psadUes @raRirsent dp the mixture to the evaporated.
Surpri%@g% lﬂalw.e%r %fu réﬁﬁg@l%g#i}/ﬁZ%\?ggﬁ roT; ﬂﬁ%r%tcﬁﬂé '1'_‘ni9ﬁ1 re, which

n sone
leads th shéxpextedin oo byproduet forraatibre and@ffective minimization of the solid

constituents, makes it possible to use circulation evaporators.

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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into two or nore heat exchangers connected in
parallel, which are operated by neans of water
cool i ng. The uncondensed fractions fromthe
wat er - cool ed heat exchangers can, for exanple, be
i ntroduced into a brine-coolﬁp heat exchanger or a
cascade of two or nore brine-cool ed heat exchangers
whi ch nay be arranged in series or in parallel. In 13
a further configuration of the apparatus, |ow boiling
constituents can also be renoved via a |owboiler
outl et. The condensates obtai nable fromthe heat

a furtrrgdafigersioald thé Bbbatkitasdowibilifg eohsttaéhtddaresisélbe removed

sent to a buffer vessel by neans of a punp via a

) and s
via a lpyrigjler opdat Thecerisipnsatns ablainableifrost thekearexebaegers are
: f § n [ :
ros 44 DS EREcHE 100 S THE (5 o5RIRE 15849 15 HER of o pump via o
furthet heat@tahiangenof atakeadie ef thangetcredodhenieeatrexchvangers. The
bri ne-cool ed heat ?xchangers to a tenperature .in

condepgateestpgag iy Gecled. i %&IeWe&n@ng@agﬁigpag&ﬁjtonfgom&vo water-
coolefﬁ@%%%&%ggﬁ% arg %ne%r%v%rt?rmeﬁcécﬂeé h r%g %ﬁct:lﬁieng%k?é’% at8mperature

substream i1 s w thdrawn
in a rangeddrabalé 18tto eloun b’ C spredenpblyeabautti® tohabout 40°C and more

di st.illation_colu via the top of the colum. The
prefer@%&d%ﬁsrgpgeé}f QHFEQﬁOi%rQ gri nciple be fed into the

top of the columm in any desired manner, for exanple

via distributors. However, it may be advant ageous

A substreamas pithdrayn bm the conttnsaie streameand isgetyceled into the
col.u

aistita aSERY L EoB 5 e Phmf i it it FRepiitlan ip mrinciple be
fed intb@Rgit6l of tHe eslusRSindrabdédirer maRher, tbeekampRf vih Ristributors.
colum. A further substream of the condensate intended

Howeyayy it neay, ¢ iadyantageous avhas) @ perianof therconsieasptesstream is fed into

o oGPPI ECHS ST 7 B 408 e

that thizoflegding inebdute® stabllizes inio ¢he taedf theadoltifing
i ntroduction 20 introduces stabilizer into the top of

the columm. The introduction into the top of the

A furtHe? \SUBBrESR mgg%{&ﬁdeﬁgétegpﬁt‘lfﬁlee@’fgt r%%ﬁr:ig thtd'dpe Egl%mr% gan, for

the Interior e top spraye
exampde dun berehied oflibéford atrathuctiah nmtoghe sapsuc kme Biod e introduced

arecty o B3R ko e S el R P b
introd%c%gﬁﬂgig%?iﬁ@ HeZBp drAhe RERMSAITRWIRRIUERSH 7RbtRE té1P ofthe
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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25 substream which is recycled into the colum. This
can be done, for exanple, by adding an appropriate
anmount of polynerization inhibitor as a stabilizer to
t he condensate substreamintended for spraying of the
top of the colum. It has baﬁp found to be
advant ageous i n sone cases en the condensate
substream after the addition of the stabilizer but
before entry into the top of the columm, passes
through a suitable m xing 14 apparatus, preferably a
static mxer, in order to achieve very substantially
appartfuisf Breterabiy hrstdtid ndierOin drder & abhibi@ @ery subidi@ntially uniform
~_condensate substream The uncondensabl e gaseous
distribytips 04 Heestailizehingihe esidengate sybstigamyuri fi cati on
process 5 are, for exanple, sent to disposal. The
system for perform ng the present process may conprise
The uKteYdersadld gaseduy substanddsnghighiate Dbtaihbd wathes purTiivatien process
i nclude especially stirred tank reactors and tubul ar
are, for exafe, sentde gispesal i s given to using an essentially
vertically aligned tubular reactor. 10 This all ows
surprising advantages to be achieved with regard to

The sydtensfer pedermirigetheqiresdért progesemayacumpiose kieowin edattarsdfor
reactifG.qai0es 1D e Jieserathge SSoEeRY STPEdaInEactors and tbular
reacto‘?é(.qi}%@r‘égée isbgialgﬁ%%sﬁfeg AhieeSerh iy f ; lég@"é#ﬁg@@%&ﬂé‘( Ractor.

can be adj ust to a désired 15 profi o
This alless samrisingadantages telbeeghieved witleregdrditathe sanias lifes of the

Vi a .. L0 avoid i nt enance-rel ated operation
systerghemcggﬁﬁg)yl?lp ‘?@IBTOQHC BEQ{ybI e to provide two or nore
punps whi ch can be connected in parallel. Viewed in

flow direction, the reactants can 20 appropriately be
The tubiulasdeaptor peefaralily hae apleasd twonmare prefetahly ehieast treen heat

r a i | or ,-m.Xi .
exchafi, o PR A E DA B AP AR08 2 cesired
profilef eact or. These neasures al |l ow surprising advantages to

be achieved with regard to operational reliability

and the service |lifes of the system and in relation

The raltd€ cadiv? ifltrBAdcdd B e Wb hr it YPumisSTo avoid
maintenance-related opération shutdowns, it is also possible to provide two or more
pumps which can be connected in parallel. Viewed in flow direction, the reactants can
appropriately be mixed upstream of the pumps, in which case the system more
preferably has no further internals for mixing in the region between the pumps and the
tubular reactor. These measures allow surprising advantages to be achieved with
regard to operational reliability and the service lifes of the system, and in relation to the

yield and the purity of the product.

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.

Such a system likewise forms part of the subject-matter of the present invention.
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A preferred systemfor performng the process
according to the present invention has at |[|east one
phase separator, said phase separator being connected
by a recycle line to the feed |ine through which the
reaction mxture is passedifgC)the phase separator
Such a system i kew se forns“part of the
subject-matter of the present invention. 15 The
recycle line through which the phase separator my
preferably be connected to the feed |line through
whi ch the reaction m xture may preferably be passed
into the phase separator nmay preferably be equi pped
a heat exchanger. This allows the 5 tenperature

with
The regycleniingthaaegh whiah b Rhasssapanaios maypreferabiyke spnnggted to the
oo AR 10 5 (IRUEREAR TSP LISy BESHEEENTo e phase
separatep aiil pricferabppie pyuippetwith Adeht esthaiyeseThispAlbaisthe

may be connected by a recycle line to the feed line
tempe(r@,%% ghthgphase rreveleddeitsncontialigle 10 is passed into

t he phase separator. The second phase separator

preferably conprises an apparatus for controlling the

The systiemgaay hade soieq hwye or iregdEsedqpzasters gpafestnce being given to
ref.erabl as reater volu than the fi.rst phase

systerBe BiPed drdst e Heerrraralces. ARyaPareY. fag ES ppRPe seggrator

may be&¥hheftR My %*Fgé)ﬁi{@hn@% lfﬁe @ed}’“ﬂe‘%‘ﬁréﬁgﬂ fAkch tﬁla%action mixture

_ screen which retains relatively coarse particles is _
is pasgedintdéhe phase kepardse hersecand nhasesiepaoator prefemedly comprises
oar se

r ef erabl ifi,ed.such that the relativel
an api R B2 cpBlig 48 it ilatiatde, e hutidpiasy §eparator
preferSOITHABW gebatdheoliRtABH &R fifPRaREIdePArstdR THe second phase
particul ar be brought about by a turbulent flow, in

separaffr B1RYcesBPisReat eRst Pam wWithdrawalmaint afvdich ehleaptana sceeen
i3S e oL FSRASEL BT BN Lol byl o

preferaisly inmsdifiee duthl bieatthe veldedelpicobrswopasicled(eldired by the screen are
conmponent s of the system which conme into contact with

mechaqi¢aly C&‘b@&?%ﬁ@-ﬂ'ﬂ%@%ﬁ‘@mc&} COMgBUten candn Bam%”aér?@ brought

about 52% tBF@ﬁ@ntsmriﬁWich %ﬁe E’rﬁ@frﬁﬁiahl&‘ ﬁ%;tﬂrﬁb’l‘ég ehidv8las a result
an acid- resistant netal, tTor exanple Zirconium

at the senekal leads ta camminuiton. Stoaiexbheyde stheaedcreen can beatoadigured in the

t al [ has, for, exanple, an enamel |ayer or a
form of B des A RS arroViRa T PSS, 1 1o g

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
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25 al so possible to use plastics, for exanple

PTFE- sheat hed conponents, graphitized conponents or
mat eri al s conposed of graphite, especially in punps.
The net hacryl am de used to prepare nethacrylic acid
can preferably be obtained q% t he so-called ACH
process. Proceedi ng from hydrogen cyani de and acet one,
acetone 16 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. s The above will now be

cyanohittis i piepardy in@Yirffstex andliethdnt donvetrtetaoarethacrylamide. These
nonl i m t_dar;‘g_ drawi ngs. The system descri bed in the
steps preydeseribes, intesaliay igpLS Er?é?'e%@7fc%°nt"eit66@o4%1 andt em

bhg nethacrylic acid. The figures show Fig.
DE 16@9%%%@%%“ c of a systemfor reacting nethacryl am de

with water, 10 Fig. 2: a schematic of a systemfor

repurjfying nethacrylic acid, Fig. 3: schemati c of. .
The agoy W@I’b‘%}’f’ib%i idygtraigd é’t’@h?#%a'ﬁ%'%ﬁ’&@? W%E%F&t& nanimiting

draWirgd;q% él'(l)‘l%ssy%ﬁe}g @%&ﬁfi%ﬁd M the RHRESTRIERs iﬁttﬁ%@'?éé%t%ﬁ}ext to a system

I's obtained from t systemtor
for prdpattingl methagrytetacict rjiaafigutes shiogure 1 shows a preferred
enbodi nent of a system 10 in which the nethacryl am de

is reacted with water. Through |lines 100, the am de,

Fig. 1.CDYENGHatRY o4 8PStehDiordBactiimetifacrA8ntids Sith watep, the

tubul ar reactor”103. The water required for the
reaction can be fed via an external source into |line

. 100, which is connected to line 100 via |line 104 in
Fig. 2 sgmane pfa SHRHET 5 PrabunfelG Manafioct s '« ne
water from a phase separator 116 which will be
_ described later can be introduced via line 118 into
Fig. 31 isnechepoatiq of @ fine pewi§eatiamsysiampioy methaeiyie arid andbw
direction, can be effected upstream of punps 101 and
102. Punps 101 25 and 102 are connected in parallel. A

Fig. 4:pa&r sd¢Hephatiopinesystem ffr spripping HELaqusbudghadd whvich it lobtained from
operational reliability to be increased. To stabilize

y
t e system o hydiqlysing nagtapenviargids. can be added
t hrough i ne 105.

Figure 1 shows a preferred embodiment of a system 10 in which the methacrylamide is
reacted with water. Through lines 100, the amide, conveyed by pumps 101 and 102, is
passed into the tubular reactor 103. The water required for the reaction can be fed via
an external source into line 100, which is connected to line 100 via line 104 in Figure 1.
In addition, at least a portion of the water from a phase separator 116 which will be
described later can be introduced via line 118 into line 100. In this case, the supply,
viewed in flow direction, can be effected upstream of pumps 101 and 102. Pumps 101
and 102 are connected in parallel. A parallel connection of pumps 101 and 102 allows
the operational reliability to be increased. 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
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The tenperature of the tubular reactor 103 can

preferably be controlled by two, nore 17 preferably

three, heat exchangers 106, 107 and 108 which, in the

present case, are configured as an integra

constituent of the tubul ar Iy ctor. For this purpose,

it is possible to use cooling fluids which are passed

t hrough jackets which are provided at various

segnents of the tubular reactor. 5 The converted

reaction mxture is discharged via [ine 109, which

|l eads into a first phase separator 110. In the first
prefer@bi§IRreie PrrbobREharyep®N DBONOPant NDSARHRAUM thBaFesém case, are

“renpved. This portion of the aqueous phase is o

configuead,as ap integraliceastituent af e fuhelargeactohifprdhisqurposs; it is
possitfZAd f:B6 OO 1008 WHER Rre BassehraQO BRkER Mt app rrquded at
various @egmentpbatiee tubaleiredctora |ine 111, the enbodi ment

shown in the present case has a heat exchanger 114.

The cool ed reaction mxture is passed via line 115
The cof Rc1gaCloT MRNTER GREREBED vid itk 109, Bnich3ea8 P a frst phase
separatay 1486 placthelfirst pHdsehseparatodea podidnosf therdquelols pdasbds removed.

. di.scharge, which is not shown in the present f]j e. ...
This pefiion.l 6 RSUSRHS PhPSE it EqiRlegbtiading 11 atorine 10gha s circut s
maintz{?rﬁéé& b9!’t‘hé’5ugﬂf§ PRUCAUScAHRE S f Rparafiel ‘?Briﬁﬁ'f'&\?éjwé“é&ling

am de-c ucting 1 ne 100 especially through |1ne
performadce T éhgaqueaus plhaseeecyglesods lipaddd, e embiodiment shown in the

recycled can be r ked . A system 20 suitable for
preser{tm%eﬂmsp%ggaﬁng%%rgiﬁemﬂi cally in Figure 4. The
organi c phase is discharged fromthis part of the

plant via [ine 119. The organi cbé)hase is preferably
The cqqled reaciiopynixtiiads passed wie- lineats foorhesfirstrplass serarator 110

i o 35 B EL QUL P 3, B BRALALAL B fE Bspocaly

have as@patafarcontdylingehprdisdriege espiehiighbysisemn st treapregtnt figure.
t he second phase separator 116 and 25 upstream of the
The agyjeus|phaseds dﬁ%‘@&ﬁd lﬂ?dlﬁ\eé o, a6 part&ne@feth?@&ueous phase can

v s S Yo MBS oSy e 12
can be obtained fromthe reaction m xture are
The portion of the aqueous phase which is not recycled can be worked up. A system
suitable for this purpose is shown schematically in Figure 4. The organic phase is
discharged from this part of the plant via line 119. The organic phase is preferably
purified by means of a two-stage process. 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.
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renoved. 18 An organic phase which can be obtai ned,
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 tqﬁ region of the top of the
col umm. The 5 lowboiling constituents can be
transferred fromthe top region of the distillation
colum 201 via line 202 into a heat exchanger 203. In
t he heat exchanger 203, the vapours are cooled and
di scharged via line 204, and a portion of the
condensed substances can be recycled into colum 201
t hrough [ine 205. For stabilization, a stabilizer

An org;am@gase whicteean be abiainedutas @xanide thea disicharge framsthe system

10 shé;\\ﬂﬁ (I:IE ?ﬁﬂggss llrﬂg%cﬁiﬁ:%'a%ﬁ rImé“Z‘?)Ot EFO tfh%ecﬂstﬁ%%oa C:&H'ﬂﬁ l%ld)ﬁgThe

can uce

introd@étlon darpbe teiffestedf, fohexammlenin thetreglon @f&heb@p GV&’@t@lUﬁm The
i.n a bottonms evaporator 208 via |ine 207 an
low-bqjling; eengiiuents cap kenkkassferrA.fromdhe &er meion pf Eh?ed'%'ialiiﬁ?ﬁ column

201 v@%ﬂe@?&ﬂié%h@ag%gcﬁ o0, Y ﬁ"@ﬁe@tye%ﬁgﬂnggrlgoé' 'tﬁe yapours are

ure ows a erre odr men
cooledhadd siusdhlaeged)maslmetmﬂ 2hd avvpbl'tlodmfdhetobedenmmaobsytbnces can be

ain bot t bove escri bed "
recyoig it Rl 2 0dyBrauifoie 208 alrstabedliy ériabiiey Gomposition
can beTRitfRIICKY liftodhé Cof fth a1 Ak RANGTRESE tbeBxfr%?leb‘%la the feed 2086,
i ntroduced via line 300 into the disti I on col um
througBOahichiagstabiizei mixtaenean badntredwded intaslindPasi ti on are
di scharged fromthe colum through the bottons via
line 302. A portion of this discharge can be

A port%‘v‘r%hétc%ﬂjrhlﬁ‘ b@ttbﬁ‘r'st @Hﬁbé“é@ﬁ@b@t@d irP8 bottofiscévdporator 208 via
referably conf |Eure as a circulation evaporator,

line 2G7harn §R naSﬁed bogk inta the cohtmadlice hottams affiee sotunamcan be
I cont ai ni ng vapours
d'SChaggée&I\faa Fﬁgfeav%si?rﬁg& ‘E@{QB ?lloyu\f'r%q’\r)lg?qé' ne 305 agd P

condensed in the heat exchanger 306. The condensed
net hacrylic acid is rawn fromthe distillation

Flgure9’§,§lp<éW$ eoorefﬁrfﬁpbﬁmbpﬁgnemwf adistlatiamsystenni0. yriswhich the
methacrylic acid obtained in the bottoms of the above-described distillation system can

be purified further.

A methacrylic acid-containing composition can be introduced via line 300 into the
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
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condensed in the heat exchanger 306 can be introduced
through line 308 into a second 19 heat exchanger 309
and be cool ed there. By neans of the punp 310, the
phase thus cooled can be introduced into the top of
the distillation colum 301. To stabilize the
conposition present in the d\stlllatlon col umm 301,
stabilizers can be used. Stabilizers can be fed in,
for exanple, through [ine 311, through which
stabilizers can be 5 introduced into the heat
exchanger 309. Figure 4 shows a schematic of a

heat excbhAgELB0S vati&® Eduled tidrePBRInédies altheqitinpi3asethe phase thus
which is obtained fromthe system 10 for hydroly

cooleq gan ks intedyregdrirde therkap gfqmgdijgtllla@ﬁaﬁlm’gn 3pd. To stat%hze the
como{ tefgesstnfl fd SEFIARR (bR ARS8 by I Witzers

can be u’t@dstramcleexarrableaﬂ&dugls line Bddythroagk wiict sabilizdrs/can B
03 into a condenser 404. The aqueous phase is

mtrodt'?%ﬁe]gﬁ%m%ae@t exg¢hangendf®into a col urm 406, which is

| Figurd 4 sRWe& ga‘?e[ 866 égréfeﬁ%g‘ sysﬁe géﬁ&ﬁﬁéﬂé tnérfé%[r%neo% ghase

aqueous dIS arge c ed t
whnchT$1 ebteapad frophteesyistennt( fod bydblysiag thenmetddylamide alhe aqueous

onos R ER o 0 oS AP BLEPRapRUIL LB R i

steamt\ﬁatf&?d hmér?hé! %b§e6u§§@l§§taﬁ5@é’%léé‘s&i g8 58 edult éfé‘@%charged via
hi s 15 phase has a hi gh proportion of water and

line 4%!@@ al @r@e@aar 404.0hke aqum&phmschrmﬁ?rred via line 405 into a

colum AR e {5 eWied FrafBtNATL YA Lra o AGETHE aguecus
dlschﬁgé@ﬁhﬁbe Mﬂsbﬁ@r@bdtth&)ugmﬁ%ﬂ&@@nmé?@épémlpﬂwa%@q{:ﬂnﬂroduced via line
npose a restriction. 20 Exanple 1 Methacrylic acid

409 'nE%)CQnﬁfeﬂﬁéfpéQ‘dethQn%%‘ﬁeé‘rﬁm withdrayn |‘f wm the gystem via line
410 arﬁ@ cén S%f‘%ea{_nao%gslént E&Fh% )‘f?\bdr{)&]@f‘s.p@rr cégg’sﬁ&gﬁ‘% ?fgunj-5|1 since this

m ax.

phasedtasgp@high prppetic of wate? GAd) volatile onganiy cbh@llltbbﬁ’tsf @eﬁeually of
operation of the S){stem over nore than 6 nonths is

metha@%'&raé“tbd apg npelbagnigsidleof this, the system | oadi ng can
be varied within w de ranges. Loads up to 20 000
tonnes of MA per year with a purity of at |east 99.5%

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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(HPLC) are achieved. 20 Cains 1. Process for
purifying nethacrylic acid, characterized in that the
reaction mxture obtained by a reaction of

met hacryl am de with water is cooled by mxing with an
5 aqueous nedi um and then pﬁfed into a phase
separator (110, 116). 2. Prdcess according to Claim1l,
characterized in that the aqueous nediumis obtained
by separating the reaction m xture obtai ned by the
reaction. 10 3. Process according to Claim 2,
characterized in that the agqueous nediumis

Claimgi scharged fromthe phase separator (110, 116). 4.

Process according to at | east one of the preceding
clainms, characterized in that the aqueous nedi um has

f . .

rotggggz&gg . gf 8?%&{?\%@@@%@5&; tch%?&téﬁz%iﬂ é:r tgrjagg"e% dﬁer?émon mixture
chitainesl, bw@waxﬁtowmfzmdthaar;tlbmﬁde withtwdtbeisraatdéd by mixing with an
m xture is introduced froma first phase separator
qauePVsi Rediug aBg sy Pﬁﬁ%@;%'r%%ﬁaqfﬁsérs%@t?r (B10.6116).
Process according to Caimb5, characterized in that
t he di scharge of the inorganic phase present in the
Rrecess! apbasimgs’ﬂqoﬁiakhor chatadterized mnthabtHecaquebusAmedess is

cor characteri z .i n.th t he .
S BRaesararatien Mtescion Misfie corained b dbe Fesction.
nmeans of a pressure differential neasurenent and/or a

25 capacitive neasurement. 8. Process according to at
Preaess aneordingdoaClaim=, tcharactetizechint that thedaqueausametium is

har str,eam i s passe a screen such that
PATRIBEa oL Thbss B8RaRt PPl o oea o1 %,
Process according to Claim8, characterized in that

relatively coarse particles are nechanicall K _ _
Rrerasmaceqrding to at least one of the preceding claims, characterized in that

the aqueous medium has a temperature in the range of 20°C to 80°C.

Process according to at least one of the preceding claims, characterized in that
that the reaction mixture is introduced from a first phase separator (110) into a

second phase separator (116).

Process according to Claim 5, characterized in that the discharge of the inorganic

phase present in the second phase separator (116) is controlled.

Process according to Claim 6, characterized in that the discharge of the inorganic
phase is controlled by means of a pressure differential measurement and/or a

capacitive measurement.

Process according to at least one of Claims 5 to 7, characterized in that the
discharge stream is passed through a screen such that relatively coarse particles

are retained.
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10.

11.

12.

13.

14.

15.

16.

5 10. Process according to at |east one of the
precedi ng clainms, characterized in that the volune
ratio of the reaction m xture obtained by the reaction
relative to aqueous nediumis within the range of 2:1
to 1:5. 11. Process accordi to at | east one of the
precedi ng clainms, characterized in that 10 the
reaction is effected at a tenperature in the range
from90C to 150C. 12. Process according 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. 15 13. Process according to at | east
one of the preceding clains, characterlzed in that

En@@eséaé@@r@mg ¥ Claim; & shadacterized intbat selativaly. conrsemficles are

r’é@bﬁgﬂmbél mﬁtg ough from the bottom upward. 14.
rocess cor o at | east one of the preceding

cl ai ns, characterlzed in that 20 the reaction is

Igat al sed W|th aci d. 15. Pr% ess according to at |eas
ORECSS ACHI IR0 'ﬁ@Stc‘?%ﬁ pEthedprecadingrglaiats. |Chafﬂ%$”zed in that

th@%oﬁﬁﬁgg%wggmét r‘é"ag 519 PRILPE Db né@ﬁ?tthé’ ction relatne\:/e to

st abi rocess accor I Ng east

anfuelue medicedisngitiih dhesangdaf Adtter1:2ed in that a
m xture is used which conprises 10 to 40% by wei ght of
net hacryl am de, 20 to 50% by wei ght of water, 30 to

Fﬁ%@f@a@é/ a@@érﬁ @f ateh R BHd 6f B ﬁe@@é’mé?clal%st @hé%?c*?é/rlzed in that

wei ght of additional additives rocess accord
the reactiosdistefiastecbat a tempeeatatti inghelrangs frooh aﬂ‘é@tt@ﬂﬁﬁ)%@
inthat the pH of the mxture used is in the range of
1to 2. 5 18. Process according to at |east one of the

Rrbeeeslhdeoraly totat I8t 6f thegstetadihhalainishehaRRtéeReEn that
time is in the range of 10 mnutes to 2 hours. 19.

the seedlivnds edfiegiathat @ pegssusa in thenange aftled hes te Bibey.

clains, characterized in that

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

the reaction is carried out in a tubular reactor (103) which 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 a
mixture is used which comprises

10 to 40% by weight of methacrylamide,

20 to 50% by weight of water,

30 to 65% by weight of sulphuric acid and



10

15

20

25

17.

18.

19.

20.

21.

22.

23.

10 the organi ¢ phase of the separated reaction mxture
is purified by a two-stage distillation. 20. Process
according to Caim19, characterized in that the

bottons of the second still (301) are evaporated with
a circulation evaporator (3 and introduced into 15
the second still. 21. Syste or performng a process

according to at |east one of Clains 1 to 20,
characterized in that the system conprises at | east
one phase separator (110), said phase separator (110)
bei ng connected by a recycle line (111) to the feed

0 18928y Weiht dfidaiwhanbbgitivese reaction mixture is
passed 1 nto the phase separator (110). 22. System
according to Caim 21, characterized in that the

CEERT PecbRnd i djebel i O b RRLLME oRRE cPRRTIE M in that

thiigHh of tHeemibeaet ised 1% iKtthes eange phssed. i nto the phase
separator (110) is equipped wth a 25 heat exchanger

(114). 23. Systemaccording to Caim?21 or 22,

: . ¢
SRRESE L bl S0P KR LA B isRricd ntha
tBeaesid2Bce tihar isdh ¢he raathe of 1hatintites tbid Iscburphase

separator (110) is connected by a recycle line (111)

to the feed Iine (109) through which the reaction
F"Foétegé ‘écbérdﬂ?@sﬁ)eé*t IbB&o i 8f ﬁ%‘écé&ﬂ rifs, Q:ﬁépéote@& in that
t he second phase separator rises control
the@rganic ghaise ddite bapg@ted r@&tnoﬁyntx@meas orited @ytmtmytage
ogntﬁ ﬁf Clainms 21 to 24, characterized in that the

S3HAN- phase separator (116) has a greater vol ume

than the first phase separator (110). 26. System
according to any one of Clains 21 to 25, characteri zed

Rrecesmiaceardingsiodalgimd % ishgadieiizacindghat tt@atyotms gf the second

081 s o8 ol S50 i gaoes

the @econd stik7. System according to C ai ns 26
characterized in that the wthdrawal site is

System for performing a process according to at least one of Claims 1 to 20,

characterized in that the system comprises at least one phase separator (110),

said phase separator (110) being connected by a recycle line (111) to the feed line

(109) through which the reaction mixture is passed into the phase separator (110).

System according to Claim 21, characterized in that the recycle line (111) through
which the phase separator (110) is connected to the feed line (109) through which
the reaction mixture is passed into the phase separator (110) is equipped with a

heat exchanger (114).

System according to Claim 21 or 22, characterized in that the system has two

phase separators (110, 116).
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24.

25.

26.

27.

28.

29.

nodi fied such that the relatively coarse particles
retained by the screen are 15 nechanically

comm nuted. 28. System according to Claim26 or 27,
characterized in that the screen is configured in the
formof an inserted tube prQ%ided with bores. 20 29.
System according to any one Clains 21 to 28,
characterized in that the phase separators (110, 116)
are constructed froman acid-resistant netal or a
coated netal which conprises, for exanple, an enanel

| ayer or a zirconiuml ayer.

System according to Claim 23, characterized in that the first phase separator

(110) is connected by a recycle line (111) to the feed line (109) through which the
reaction mixture is passed into the phase separator (110), and the second phase

separator (116) comprises control of the inorganic discharge.

System according to any one of Claims 21 to 24, characterized in that the second

phase separator (116) has a greater volume than the first phase separator (110).

System according to any one of Claims 21 to 25, characterized in that the second
phase separator (116) has at least one withdrawal point at which at least one

screen which retains relatively coarse particles is provided.

System according to Claims 26, characterized in that the withdrawal site is
modified such that the relatively coarse particles retained by the screen are

mechanically comminuted.

System according to Claim 26 or 27, characterized in that the screen is configured

in the form of an inserted tube provided with bores.

System according to any one of Claims 21 to 28, characterized in that the phase
separators (110, 116) are constructed from an acid-resistant metal or a coated

metal which comprises, for example, an enamel layer or a zirconium layer.



