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WD 2009/ 115349 1 PCT/ EP2009/ 050294 Met hod for
producing methacrylic acid The present invention
relates to a process for preparing nethacrylic acid
and to a system for performng this process.

for preparing nethacrylic acid have _
wo %@nown sone time. A customary procedure Cg???lgn?g009/050294

in the control | ed oxidation of hydrocarbon gases, for
exanpl e propylene or butylene. D sadvantages of this
process are the yields obtained thereby, which are
rat her | ow when viewed overall. 10 In addition,

net hacrylic aMbﬂ\@dlﬁobpré&lﬁﬁhEQﬁeﬂVadr?ﬁc%%ﬂf“ on of
met hacryl am de with water IS procéess is described

especially in US 7,253,307. According to th| S

The o A 408 GOE IRl aTFADERAN B SR o

wat er can

systerhdbuperforneing titis prétedfser ence is given to perform ng the
reaction at a 15 pressure in the range of 3.65 to 7.70

bar and a tenperature in the range of 50 to 210C

1 8 I r
ProceBE fr o BRI S48 ERS U8 RESAN e gustomary
proceqbneccmsesﬂ;s thetherdomérdlled ofidatiod o8 hy8rodapbom yapes, If@lgexample
id alread Iead 20 to good yield

I e
PropyIEBEoF BitHIRTen LISHRtRGRS oy s Beess rardieniblci aiainerdnereby,
which afe ?éthém%W\R/ﬁ@ﬁ VieWeYgdralin the chem cal industry
whi ch serves as a startlng materi al for many inportant

products. Therefore, a maximumyield, a particul arI y
ara |on costs,

i a8 R SRS 8 S e LN e o i it

water. RS Bsteb o lis déé,&fbe@rbsl pERAINANUPY 2%4C307. I7_72\‘6?:E5rdn|11% t fhis
relatively snall rrprovements wth régard to

publicatias, de radedios of the mathaeylaphide vdthsyates icandre eﬁfentemn a stirred

o a significant = adva
tank re%ega rogsé} @%@[?i r%%tp&a}%g}qﬁgge givepdo lglegﬁgpgngntgﬁ r@ggtiqp ata
pressurd irviheWwapteloi .68 tO7. 7@ Bar drid & %ﬁbéﬁat@ﬂé iAkh&¢andg¥ of 56 to
present invention to provide a process
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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for preparing nethacrylic acid which can be perforned

in a particularly sinple and 30 i nexpensive manner. In

this process, especially the yield, the purity and the

service life of the systemfor preparing nmethacrylic

[ to be increased. In,addition, format]|

wo @8’887 49 2 PCT/ EP2009/ 050294 of undesir e<:|i°(aﬂ'/'\'-ZP 2009/050294

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
of undéuheel ppperiusts ignd beuninialzeabjtardsthehéfole arferthétobject of the

stated explicitly but which are_ imediately evident
presegt inyeatien ﬁaai%flda@wm@ s mreraintheethawyissacid hreh anables very
: : 1At j e achi eved by a process
lnexp?%%%%éngﬁFmpggﬁﬁﬁggéggﬂ%F§@h11. Appropri ate

nodi fications to the process according to the

invention are protected in subclains. Wth regard to
Thesq gliestss ppehfegherhiedswhieh ere npt sfatacsexrdicilyrhut avhieh ares
immediafsly BUid@Rt defsgérn%lglé’fré’m ﬁg‘ ﬁnn‘e@fi@ﬁseéfscyé@é% I%r%%eﬁ')z way of

invention accordingly provides a proceSs for preéparing
introduetidr arg bchiesed by a pacess paneighaicientiass d)ié Olaiitrn1 Wapmopriate

..Lhe copversion bein ffected continuously in a ) )
modificg i o eRPERSS ASFaERNDIO thanieniipn 268 Profertest nsubeizims. With
oA T P P PR Soin hofiefie folution fg the
problemn péidgnesbf these neasures, it is surprisingly

possi ble to provide a process for preparing
met hacrylic acid which has a particularly outstandi ng

The piiseht Iteffio BEBSHIHBPproviddsSa pfaaREifsl PiFpuriRg $8éthbErylic acid
t hrough the process ‘according to the invention to

reacting esiacralemiee watbryater, the icanversiorpheing efiested caitinpioasly in a

i NexXp L ve.manner. . l.n the process, it 1S .. .
tubula%@éa%t@{? gfhkﬂhi;é eq%%i%cftgflz?cglq W@F LQ%% ISR epr%;sara ’dlfi‘q{gnce within the
tubulapreddtor infidw digetRNVdfGRe réA&iodf mixhgresystem for _

preparing nmethacrylic acid. Furthernore, the formation

of undesired by-products can be mnimzed by the
ent_ i 2ntion. Preferred systens
s BAIFERRE B PLEIER NN PoneBlle e B o
preparirgmetiacraiccaaid WHicH has atpartidi@addvartatfisg pRofi@ b pripRbties. It is
_in a not 1 nmediately foreseeabl e manner. _
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

_saponification.
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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 hydrol ysis or
saponi fication. WO 2009/115349 3 PCT/ EP2009/ 050294
to the |nvent|on he conversion is f
wo Z'Qg% |1(r$ll§ggsl y in a t ubul ar ctor. The ter rrvsPetr":&'gé8&:’/050294
“conti nuous” and "tubul ar reactor are known in the
technical field. Continuous reactions are understood
especially to nean reactions in which reactants 5 are
added and products are renoved fromthe reaction
nixture over a prolonged period. Tubular reactors
nprise at | east one tubular region in which the
Accorfi@&ctpltaﬁ invention, hednversiar i e@%&%&@ CentigyRUsly ina Herdarareactor.

The térﬂ@%ﬁﬁhﬂo@"%@ t&&ﬂ?F Fe}é%&dro%f)e ?H&vﬁ‘?n H?eetecﬁﬁ@b{ f?élghe

cost are conparative essenti a

Contlrmmxsereacwns e wndessﬁdodredpleatallyh@hmarsre@cﬁoﬁsmmch reactants
nce wthin the tubular reactor_ in flow

are a@@ieﬂe%% BIPAYCtS: 38 TegpveddPThitie feactionHnixtygpayen pgrolonged
periodd TubBI#PESctofPEbmbRs € bt I%'ab?on% %‘ RYRS lhn&mﬂﬂlihv%reehctlon can
dif thinthe tu

erent subregions w r reactor
proceed .l ltislei neatteds typicallyrravarotdiatively simpe aopseudiiony ahdes. the
rred enbodi ment of the present invention,

. In pre
Cap'ta{ﬂ?sgsﬁé%%?‘@a@w dO%ener at ed by hydrostatic pressure,
in which 15 case the reaction m xture passes through a
hei ght difference in flow direction. The pressure
Itis esa'eﬂ? alrtertbe sbecaaseaf thadnvaritieon tbat theee isemptaasuse difiéremee within

tho bl acl By BFEIERIG 416 PERER A 2E 65 g direronce
can, int&v4l, iberachi @@%t&lgﬁdlff'éf@ﬂfs'ubrézgg)oﬁilﬁntﬁ mSiBehb@aPt<tttor which
ressure difference. However pressure

are deﬁwtﬁd e @npaNOtherafar axasle bysiedias: &uamreﬁﬁarnadgambodument of
the pr&@4 VFenfE, s ENTEIEERL BB ATV FERAR, BB wnicn

case ﬂbelread‘n’bheni&&&ééva@béy tirbuyl astieightdiffeRMdeM Fow direction.
preferably at least 1.5 bar. The pressure gradi ent

here may assune any form for exanple a stepped form

The pr@%?diﬁereﬁ%tde‘f\%é‘ﬁ s ﬁlﬁ&%‘?@lﬁ% dé%cé&ﬂ&t‘éﬁ%da tﬁg lﬁ@?%ﬁ.ﬁf‘e

ressure is al
produatafrobetrbrtobgm rediestot isasgiesitiedl perlye, tears bk ddvantafes of the

mventl(r)ﬁ %% %&ﬁlblteg 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
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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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 90, i.e. the tubular reactor is
[ ssentially verticaljy in relation to
wo 2@'{9? 4§urface though relatively snall devFgE&?%'%%‘?og’Of’OZ“

for exanple of |ess than 100, preferably |ess than 5,

can in WD 2009/ 115349 4 PCT/ EP2009/ 050294 nmany cases

be tolerated. In a particularly appropriate

configuration, the reactants can be converted at a
manyluagbs bprtekesated. at the start of the reaction and at a

| oner pressure at the end of the reaction. 5 This

nodi fication can preferably be configured by virtue of

Ina éhf&‘t’)’latr&rébgﬂ?%e Fatb WNKEH t Sraglgﬁ;:@%;reamn@?%ﬁ b%rli%nklgﬂgd W Iaringh

respec ear
pressurevatrttle startiohthehatactidre ahtl avadower pisssuleaat med&rkﬁoﬁth@ﬂeachon.
ned at right ang|es

. _conponent which i i
This nGSERGAOTCGA baderably i Eonites o) Wwiie BLIeN taelh ubular
I g t
e R b s PE R0 A ot S RIcS B Bl 56 upwar,
such tpabﬂn@cﬂqw dmelctadnslmas adireetion cempohent whichhs aligyed efight angles
p[ be achi eved especially by effecting the reaction
tothegtag ﬁrelntherange of 1 bar to 8 bar,
preferably 1.5 bar to 6 bar and nore preferably in the
range of 2 to 5 bar. 15 Appropriately, the conversion
The reggtiopeap def effented at elevatest ramteduf:ed Ipeessemetﬁsmnamgaadvantages

it R, 0 AR P o s SR LR 1 e

systenﬁ ft%mehs@ aehiel/8@ espasitilp By @ffe@tsrlig ﬂ%sﬁéfa%tlbrﬁ‘ at Boresade ivthe range
bar, nore preferably nost

to
of 1 b%rt@&b%pwfgrahby 3.Sohar. tozﬁ)benh@nd amfe maferaabhm theunaageref 2 to 5
i kewi se be within a wi de range. Advantages which are
not foreseeable per se can, however, for exanple in
relation to the yield, the reaction rate and the

service |life of the pI ant, be achi eved by virtue of
Approprigtelye e ¢RfyebEiPh gan be performed at the start of the reaction at a pressure

in the range of 1.5 to 6 bar, especially 2 to 4.5 bar and more preferably 2.5 to 3.5 bar,

and at the end of the reaction at a pressure in the range of 1 to 5 bar, more preferably

bar.

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
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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performed at a tenperature in the range of 90C to
150C, preferably 100C to 140C. 25 The i nprovenents
detai |l ed above can surprisingly additionally be
enhanced by converting the reactants at the start of

r ion at a |ower tenpgrature than at t
wo szs{wgagéacti on. Appropriatety, the tenperat u?é-rﬁéj%%g/osozg‘l
end of the reaction may be at |[|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 nost 25C higher, preferably

most 2\@ CNIghePThaA 2B 4% StaR(Ti/tREZ208GP0 P3P éxamPhd, tﬁé’@onversmn at the

gher, than at the start of the reaction. Fo
start Oéi%fﬁ@tmﬂﬁaab bf\ad esteapesature in thetrange of 1082C rt@éaﬂu @npreferably

in the %@81’ g(f)S"‘?J {oe{?ﬁ‘; raﬁgésgp?%g%ﬁ?g’%%gé@%fﬁﬁglégo "120°C.

Towarrolsehe reabqu the rédgionategrp&iatdrd8h tie e of THonartgstSoRe are
the reaction, tenperatures in the range of 110C

partlcq'ar!ymcﬁtf,e%ce@ 5 & patticllar senfigwiadipar thegnaximum gamppeaivte achieved
may bECRERSRERIO LS R B R8¢ oI A GE i oot

135°CpApbesmtatgly athentesiperdtBibiccariber mpasaedland ddrtrolled at at least two
erature can be measured and controlled at at | east
regmn&;ﬁ? EfNs of the reactor. 10 As well as the
react ants the reaction m xture nmay conprise additives
which are known in the technical field. These include
As welb apdloe stdofantst tieyrestior anixtexemayecamprilss additives which are known

in the §icBBica} £6TE5 THERS Bihis et R AR e ok Sypenie F6icy. ped
stabiliz%aﬁlé WW@?Qré%hhp@?h%rnzbﬂoH"Bf fHe @ﬁssaﬁu%cpeé'hgés ?é.d can

be 15 used with particul ar preference ul phuric
acid can additionally be added to the reaction

The roy 58 oS b 30 s PHAARL PR B Hci can e
used Wliﬁﬁpéﬁblﬁlaﬁ bb@f@fén@@ FRE/sBIphiRiceicid dae aﬁbitl%aﬂ)hﬁe BAYEY RS the
use preferably be in the range of 7, nore

reactloprrgp@rgb?/ryadchtl@m}ethe@u@@u@m aciq ey, alm;adyrbeop@@ent i one of the

cactafs ATt 8 RRITEL L LGP O THRSR! e useo

may prefdrablytt i the rhhge beaqblmmorafméfersuvmu@ﬁan feQsf 1 to 2.
exanpl e hydroqui nones, hydroqui none et hers, such as

hydr oqui none nononet hyl ether or di-
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 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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tert-butyl pyrocatechol, phenothiazine,
N, N - (di phenyl) - p- phenyl enedi am ne, 4-hydr oxy-
2,2,6, 6-tetramet hyl pi peri di ne 1-oxyl,

p- phenyl enedi anm ne, nethyl ene blue or sterically 25

henol s, are w dely_known in the technj
WO @@?ﬁ{ ese corrpounds can bg used i ndivi duaPﬁﬁéFZnglOSOZ%
the formof mxtures and are generally commercially
avai |l abl e. Reaction of the stabilizers usually
consists in themacting as free-radi cal scavengers for
the free radicals which occur in the course of
Chemnej s!dl‘tb”rs ZAtAz0e, NFORe§it: tS’taft?élerlﬂeWSYorkf £6tarEdiéh fﬁa%) under
to the conmon technical literature, especially to
"an‘ﬂomda%%’ padithe Feferenees giteddbare. 6 PCT/ EP2009/ 050294
Cheme; editors: J. Falbe, M Regi tz Stuttgart, New
York; 10th Edition (1996); under “anti oxi dants”, and
In prlmdﬁ;eler tHectubolze seadtbedan belcharded Wwith m\fét@l* By suﬁkﬁyhgwtéf to the

eactor can _be charged wth water uppl yi ng wat er
reactqrgrara@ny qesited SouFeRoNideddbat Husg W@%@Irfta@ o haredenisihat might

adver&?lysaffé@f Iﬂibg(r)@l?ls' rBgE6sH Sffh% §Jbasteqﬁgﬂ rocggél gfa?;% sYFor

ect t ysi'sS reaction or t

exampleodesmesrﬁ@iswamror s@nagmaer carrbe %Upblle‘!(ftb thatreactar. However,
wat er, can g to the reactor. However,

it is likewize B bl tgéuaag' b, WakInANd RRORNIG GoraRoURgisdp the
reacto'%”gs %%d: fSPQPé)rﬂB@S irf (et ﬂ?rlflcéﬁé‘ﬁ #3?’ Fnetﬁa:lcr?h’c} Q&laeﬁ’r 3 preferred

for exanple, int urification o
embodimentof #ie prca&s&@resmneld imeng, tbé rea@toprsadmgeqb abmlst pdrtly with a

il 5 SO Bk ST F P B,
methachflaMide m%b@éaétﬁnn Wt@:@ué@@m efdr'éxbhﬁ)lé SR tH? rgnge of 7:1 to

m xture used nmay, for exanple, be in the range o

1:1, moge preferabippd:piefidrably 5.5:1 to 4: 1 15 Preferably,
a mxture can be used which conprises 10 to 40% by
wei ght, nore preferably 20 to 30% by wei ght, of

PrefereiBlyhacnixtuagicdd.be débd @hkRP%edipngdght, nore preferably
26 to 32% by weight, of water, 30 to 65% by wei ght,

10 to 4Ry dypveipbt appRe prefargbly 209 @3@%, yhweight, ﬁmh@hacn‘yd:ara@ ed
20 to 3 oyt e T MEHRbY AT Lo RL D AR bty 0P

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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Sur pri sing advant ages can be achi eved specially in the
case of a residence tine in the range of 10 m nutes
to 2 hours, nore preferably 20 mnutes to 1 hour. The
reacti on m xture obtained by the conversion can, for

DR e cool ed by a heat- 25 exchanger an
wo separ a%e‘lgbi nto an aqueous phgse and an organi gcbjlzgggp()g/OSOZM

Unexpect ed advant ages can be achi eved by cooling the
reaction mxture by mxing with an aqueous nedi um and
then passing it into a phase separator. It is thus
surprisingly possible to increase the service |life of

increddeel arybsthenformative of bytpheductsvesperailly sali¢ cahstituents, in the reaction
.. achieved.. Nore particularly, this configuration allows
mixtuge,o be BligIN¥EeGret hacrylic acid to be WD 2009/ 115349 7
PCT/ EP20091050294 increased and the formation of
by- products, especially solid constituents, in the
The ageaous arediuyuwhich dhd eesultmgriezetion Thigturg ircosledéferably has a

tompeRi e % e e ot LOECrIB HET e Arpierlel A RE 3be vobume ratio
of the?%@ctidﬁ)ﬁ@dﬁfeeélﬁéﬁ@dyb)ﬂ@et Raéfén e-ll_Qﬁveéf)?HJQEué&}é fMedRim may be in

e reaction m xture “obtai ned b§ t eactl on
the rangé af 2vetoy 150 mage eoeferaldyiluhtardyd. be in  the range of
2:1to 1:5, nore preferably 1:1 to 1:3. The aqueous
mediumto be used for cooling can be supplied fresh to

The aljlios A&dAIrn @6 belidclIIBE 888lingTékh BEYABEFedBESH M tHeYproduction
for_exanple, consist of water or conprise further

procegnidig aquanus madisn) meywivexampleutaensisitof evaset omeomprise further
: . ef e reactjon mxture. It | .
constRfs Ry PERENEF shofid BeeRlen B4R Esiset pbdps sraction
mixturehlt¢h pasticaliryi dpgtodyate 36 R8E 2N fuetust Mediue@@hidis obtained by
m xture obtajned by the reaction. This neasure allows
separatipn ofcthstreastiprp@mixteigepliainesiay therrgartion.| This measure allows the
' .oul arly. f : 1
cost KL BRI oREIbIL 30 LR P BATRA Sogq B amer, e
aqueosie paeditior canlbé glisvhafdegiframi the phaisepepardtbe Tis sohffthtion is

,of the surprising finding that the aqueous phase )
possibisps BBk Of thexsUrpdpingfinding that temgauerussphasmebigingble in a

[ j ; [ St :
sopard@rshnkh oh ¥4 BB RISl PR IR Rk Boppoms
especiadiy obsolid by-pradtts, ardnibesbpropentiohs cahiberminimiedrfagngr by

.. of a suitable volune of a first phase separator and
purificatipn or by means 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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20 associated reflux ratio. For the performance of
this preferred enbodi nent, a system may have exactly
one phase separator in which the resulting reaction
m xture is separated into an organic phase and an

hase. A system prefgrably has two or
wo Zgﬁgggs?ggar ators, 25 such thgt t he reaction nrgﬁ.r[ﬁgz?%gmsozgd'

introduced froma first phase separator into a second

phase separator. This configuration of the process

allows the cooling circuit to be decoupled in a

particularly sinple and hence | ow mai nt enance manner
inorgadnmophase Atnend athysr rebsoms; tNOJXRBAIJELOBHE iBorganic phase present in

PCT/,EP2009/ 050294 i nor gani hase, Anong. ot her .
the secgRdRHESORPAHICE Fa B8 COToliel iarisa 4P CpmAS dugherdmmrovements

. Qs . l. e
 the S80S TRD 4y AT TR BN 182 AR AL o e con
be effected yf mehes sf stpressurbdiffenential me&steenatit aridéorgecafacitive

t he inorgani c phase can be effected by neans of a
meastfe re differential neasurenent and/or a capacitive

5 measurenent. The di scharge stream can be passed

t hrough a screen, such that relatively coarse
The disghatgel sircamn san degparsed titasighnd scrleny sueh tiateelatively coarse

i B 5 B 558 B s gan retrably

mech&fi¢ABt @mmirite @ XPNBlcOmMuiBARan He fedttd ok eRAMbIOWS means
Thi's conflguratl on contributes to a further

of turbuigst demse hhisi epnfiguratian cantelutepde atfughevimprosemest imtrouble-

j ' bai. neci al h -
roe o330 f R SRL SRALE LU AOADRER: BERE BBl Bl oy speciic
coolin@bf thesrdattiob iriuedsihcd tHisrallows tHedbPprodidt ifdindfbnt 1o be

such a significant degree that only small anounts of

minimized 4¢ isye ¢ dgnificant qagree ehatorhasmall aryeunis ehelatiwly cagrse
paﬁicl%ﬂé@é%ﬁ@%ﬁ-}fﬂﬂﬁ%&?i ch are present in the aqueous
pha can be

Se renove isolated in a special
nodi fi cation of the process according to the
jnvention, For this purpose, the aqueous phase

OrganicagRRHNdsVIICh e HEesaft b s agueoHsPhAseRM YRSt gRstibe isolated
in a sp&bial mddfBtioR %A brocess 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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to drive out the organic constituents still present in
t he aqueous phase. The organic 20 constituents driven
out, which have a high proportion of nmethacrylic acid,
can be purified and recovered. In a particular
tion, the organi c pRase of the separ
Wo @?éiﬁf{@m xture can be purffied by a tvvo-stg EP2009/050294
distillation. Preference is given to first renoving
| owboi ling by- 25 products fromthe organic phase,
such that crude nmethacrylic acid can be transferred
fromthe bottomof the first still into a second

prefesibly heatéd soea@icadigydaividingnfsdiafuré BeBbSUIS0 t18bout 120°C. The
organi ¢ phase, the crude nethacrylic acid is

purlflqﬂi'@né$ Hmicalyeffactedunder iggpeed papgsuse. Ehelprasstrawitbin the

coluits A9 GERLLA0 SAPAIAT RIS o o as o achi eve

a wal | tenperature of about 50 to about 120C. The

purification is typically effected under reduced
At theptpagdlﬂ% CO'Pmn P@X@mb@' ligorganstituests areurameveds i partigylay, these

e 5 P, O L R i

subsepaently ubadenstdniebsemerm; of fope erraor Iﬁaeathﬁ(chtahgér& It has been found

acetone and nethyl formate. The vapours
to be g%&f&@@ﬁ%?ﬁ%ﬁ@h@@ﬂ@&? fiesi e PerioBRe eandensatine gy means of

two séheEeias I Eed, 'v@at@ﬁéo&?ﬁWwJa@\éQghaﬁgir%arQ%b‘\%@éﬁj ithid ef Bgﬂ;}/ %ossmle

cases, for exa Irst to orma condensat
also twrsaagntyf one h;ea’sethasrgeoahm pcollnt Widteeheatomichdnbeat are preferably

opera L AR bl TP €RSE NS A P Sveting

Connéuted Gb%éﬁeéﬁfoﬂh@fv@étépbﬂolee Q@a@bﬁghérfgé‘ of ghéd Wé@ér—?ooled heat
state to increase the flowrate and to achi eve f

exchaggefsdvay heta brige- cooﬂ@drfmt@xctiaw@t behinisélso pessible to connect

com RS ¥ Bl B GRTRoghoh L SRS e
conflgutatioﬁ #lthe appardths qo%&m@@@ﬁstlt@é}%%bh%ﬂéﬁ Be ‘é‘i’s?g\%?@ed via a low

of two or nore brine-cool ed heat exchangers.
boiler putleth bt thescaseafe qiihget exchanges the p'apam&arel de@@sed ,n[g*owded

i sGHRBI R ARG SR SR8 s e Vit ey o
comprieewsiendemsaguedusoptiaiRobtyined is dMpdsed®f orent {04 further

exanple, sent to a phase separator. Since the vapours
utilizatiggy r&peggxample of a possible further utilization is that of recycling into a

hydrolysis reaction.

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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conprise water, any aqueous phase obtained is di sposed
of or sent to a further utilization. One exanple of a
possible further utilization is that of recycling into
a 20 hydrolysis reaction. The organi c phase renoved

d partly as reflux jyito the top of t
WO Wﬂﬁﬁgﬁ portion of the origd;ni c phase can iE&TA?ﬁZBgQI%OZ%
used to spray the heat exchanger tops and the col um
top. Since the organic phase renoved is a phase
adm xed with stabilizer, it 25 is thus possible to
effectively prevent first the formati on of cal mng
admixsehwith dSatieerdlized ater ipisaskRORapthdt es Fficibht sepRirating action can
bri ngs about a further suppression of the
be acblﬂ@%ﬂ'ﬁ*%?h@ﬁ? S?léﬁ‘fég?fey of the vapours renoved. The
condensate stream obtai ned fromthe heat exchangers is
additionally preferably WD 20091115349 10

The gl@b@@ﬁmﬁbﬂﬁﬁ§%lcm®mma®ft&rth€ denderesatibh 2e thovabatr ethanger
at a suffi |ent separating action can

Cascaai@rm@v&re %fagb{évypwg%s Qe piaem SJeCtolfﬁ@ngﬁg%% PERSIHHER aa@erators
once &Qélﬁrb ok ég}eéfté e dﬁﬂ?}%n@Qﬁ&'ﬁB oibrid6r BoRd ¥urt er heat

cascade nmay, pre erably by neans o
exchagigecs. dt !sasabeereﬁhm*eﬂtomeadwr&agemm ﬁir@csnonmmsagalwhen such a

ected to a cond%n ati on ans of one or

postcgrgﬁqs up iop condenses,ng ’(g%l’ll ¥ thg ga tangesdrerg the prepunﬂcatlon
For exfhgiat A4LpESsibato 9664 ﬂfﬁf?erb%%%@% s\ﬂ’ﬁ@tﬁnéé’sc hsfarise from the main

pOSt condensatl on condenses Tnhot onl Yy t he gaseous
purlflogzubstoémﬁbawbmcudetqosteqma ipoisteanidensatidro T hexadwsintage of such a

procel RS I S h b S+ FE 15 BRsRY 2ohBRG R fimetnacryic
acid wiitifihas AoBHESN BoNOSHIERNASRE Fhaif rbunfb@n@ﬂy@@teaﬁ\%e%ore via the
such a procedure lies, for exanple, in thus being

phasexganaraior intaike errificationpeniumarfobthenperpases pf prepacifigation. It is

R o L AN S AN M MRS

lossespotft inkthzriyliRradid bodur. MurebVisr, g SWigte 8élection of the deSIgn and of
prepurification. It is thus ensured, for exanpl e

the Oplelﬁ%finQaOfnth%ﬁ%ﬁ#ﬂ%QfdwaéﬁX‘}h%mQﬁré @owsitee spEWESItigRET the offgas
Ieavm@"tﬁ'éé@"ﬂ% Qgﬂéé %@?%g[ﬁgé gﬂﬂ]h)él %ogwst%’?ﬂndjf Aﬁ\&%@)ﬂlerﬁl\/ﬁé B&\Sdjusted.

operation of these further heat exchangers all ows the

conpgsi tion_of the offgas
For fine puritication of the methacrylic acid, the crude, prepurified methacrylic 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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| eavi ng these heat exchangers, especially the content
of low boilers, to be adjusted. For fine purification
of the nethacrylic acid, the crude, prepurified

met hacrylic acid is 20 subjected to anot her

IS4 ion. This frees the crude nethacryli [

WO Zﬁogmﬁ}g hi gh- boiling cons?lnt uents with the gp%$2%09/050294
distillation colum to obtain glacial nethacrylic
acid. The distillation colum can in principle

correspond to any design which appears suitable 25 to
those skilled in the art. However, it has been found

of so-talldie"dedidedpzrgevERoula fomAYh tHeASHEMer ThEgleRt rIpa¥e®iead to a
the resulting product when the distillation colum is

compapivalydangwesiderartive afthe metbaenlic anki whicharoagienits
polymBRBERSLTBORYoE B A0d) M el SURPIRTY, ot AR 4 i many

casesamtd;efrhoemo a suﬁm@mmelgee@bY BEtidRAR/ UdeaBtabilizers or stabilizer
PCT/ EP2009/ 050294 of so-call ed "dead spaces" shoul d
mixturegy Ahe pofymeerizatiomss methacéaacishizads in kg te @xaenswe production
t
shutdg\fgﬁ%":%ahdlé/ﬁ'h%g Bf’ffﬁa ésﬁpsr%)gﬁé‘t%g?ér{snﬁlo% d a/ﬁh S B way of

nerlza reo er,
countéwdrsy theeforhation of dehd spaces iss botﬁ wow@athaw@sig:s and ehnough a

. t dt fficjent degree hy
suitablfE 0 ermlng Jrodker GeaNTIS: © Gakt laad ot Wil @ suftibieat amount of
liquid, -Q‘u%hﬁﬁétyéﬁ{s‘tgrﬂtﬂ Rirfef of TRE RBRIMAL ﬁn@“e'sgeb?ﬁﬁéf e ct,c#!urﬂﬂ internals

to expensive production shutdowns an eani ng
such mm@mgsmseaqhm\m bbouistahos, the pdhmrsrma@mavwray devices which

T ATttt e
may b@Qﬁ)‘ﬁn@Etédﬁ@ S é’f‘i@"tﬁer §l§brﬁih\é@)ﬁ§ déé@dsﬁé&%@éﬁsthﬁls is achieved by

ficient anount of I quid, such that constant

meamf DU@hﬁlethrtﬁlpes ﬁélrﬁenrumesi athesisspeeans| 3s desariheddwreimfter. Such
achosl L G441 ol P 4 25 a SRR 85 S K50t ety at st 10

mterru?tl@n@' ger 9eof hahediba seBhAEhGh. orfhet |Bﬁgswd>ﬂﬁesé Mtéfraaﬂucﬁas may
|t|on the colum intérnals may be connect ed

be selepiedsuehibat thay makeaup ﬁblaa’étaab@tpfatfé"é araf@r@blymﬁ lgastgabout 20%

an gl RYEoRa EBROD % 1 BB By 9L B e

adhes@dﬁ%n@ﬂarﬁﬂ@%ncﬁﬁéﬁd@élgh %’éésuf% i B)Ebéltr@éﬂ b thk iheasdl ré%lons of

nore preferabl | east interruptions per

and
the colwnyst, espreisily thesea ICBr'?@mﬁ intp eontashwith dhe mribacrylic acid, less
than abShE53%PHIIO2bPss than about 25% and more preferably less than about

10% of all surfaces, especially of column internals, run horizontally. For example, the
stubs which open into the interior of the column may be configured conically or with
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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be sel ected such that they nmake up at | east about 10%
preferably at |east about 20% and nore preferably at
| east about 50% but generally not nore than 95% of

the adhesion seam | ength. Another design neasure nay

in the internal re l;ons of the colu
wo 2@?8@’2@(‘% t hose whi ch comegll nto contact wt hﬁ?ﬂ'éEPZOOQ/050294

nmet hacrylic acid, |less 20 than about 50% preferably

| ess than about 25@6and nore preferably | ess than

about 10% of all surfaces, especially of columm

internals, run horizontally. For exanple, the stubs

whi ch open into the interior of the col um nmay be

configured conically or wth que surfaces.

In themﬁlﬁevom@wm@eﬂwrﬂ@rﬁql@,thlgmb@w@e.q@@StiW@ﬂ%@rﬁof@e
I r
soparbtin 8 11 SR PR BOULA EADSBLN, AR14Ay about
50 to abbwtr80°Cardpaciatiaboit6Ptesisnuti 75 Covta vesit tengpevbturd bk less than
ynt in spite of noderate tenperatures and | arge

abo“"%’% fration areas during the evaporation. It may be

advant ageous in this context that the amount of liquid

in the columm bottom anpbunts to in the range of about
The matdrial @biited inl the ecblen'mtﬂ)qﬁc&bdmpreienamw@?zb@fed tontinobasly and

cooled B hanrssoict RospereheRgene) osaRans v e plEalarheekergangers t

a tem@érahh@ iR RRAGE '3%09914@ to BbSﬁ'r &g, 'd?@fe?é’é]?tabbkhe@(t) o about 60°C
hereof are separated from the product

and mr%pmfe!ﬁbl}omamazgeboﬁammt@ntpeﬁ(hﬁ,lre is preferabl y
about 50 to about 80C, especially about 60 to about
75C, at a wall tenperature of less than 5 about 120C

To |erbeermé re|ldi|th@ ottbAfbf tRe isBBo/@ktiMBak ShtS %‘g'aih be evaporated.
prefera ¥ renmoved continuously and coole means

Thesedtotipreat F@m:mgeﬁtl"@anapr@@abda@eoctvap%a@dawh g ciypulation

ovapol 8 o EEESE. 8, sPSRRS B e B A g over

thin-filmnevaporetop f@f reasbhy of fost. HaweeeR icirabiatibn eNapordbdr€.ardnore
i nprove the yield, the bottons of the second still can

mamt%m@ea@fﬁnﬁlvsef sqlishay-arasucts arecriespbt indhe rokture do freeyaporated.
Surpriab R IR e SPAPESD ) 8 oSl itb a0 B
leads toamMax@ectdiplow by-preduet fethatioararal effective 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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15 thin-fil mevaporator for reasons of cost. However,
circul ation evaporators are nore
mai nt enance-intensive if solid by-products are present
in the mxture to the evaporated. Surprisingly,
a0SUr prisingly effectjvely cooling of
wo eragac 1;%:)rﬁ"gm' xture, which | ea1 s to unexpect edl eaﬁ'élé\;’2009m50294
by- product formation and effective mnimzation of the
solid constituents, nakes it possible to use
circul ation evaporators. 20 At the top of the col um,
the nmethacrylic acid purified by distillation is
a furtivertduthfigurationcbf the abpdrdiys neartsoilirig eorstitiierts ehasy b®Femoved
cascade ofglmo or nore heat exchangers. In this

via a 'gysfé?i & iRk dihegfondessainshiainale bemiibadiray eyghangers are
introdiﬁ‘@écﬁ [t QUL v e S6F r%ﬁﬂgs%{h?gdgé gyﬁ%éhgés%#@gbwﬁéﬁg%gﬁ%ggmp via a

excnangers or a conpi na

furthef beatexahadfeber asatchde of worer pase furtttearheal gx(vtamma‘r& The
fromthe distillatjon col are transferre into two
condegsalsP{EearB it CaNleHalRsEXeMARIRICTEANT @ A4ASFRE? OF GRP OF tWo water-

coole@ﬁ@a@&?&%‘hgglgsbé(ndrﬁﬁ@%r g\fr% b%%%oo?é@héé‘tgeﬁc-é%ﬁﬁgrgtto a temperature

uncondense ractions om the wat er-coo

in a ragpgerefrajpout 18 tdaapofibb0 €X rpfarablyebiont 1 8do@bdut 40 and more
a cascade of two or

bri ne-cool ed heat h r or
preferﬁélyén@rriaﬁgg%aggat ﬁ%g? gag@nangers whi ch nmay be

arranged in series or in parallel. I'n WD 2009/ 115349

13 PCT/ EP2009/ 050294 a further configuration of the
A subsifanas withdrawie Bem thegansiessateusiraam aad iareeyclas into the

sl g e 108 M08 LR i cor B R R BB dmprincie be
fed intonhe tép ebiNeasslime in epyelestad ragmier! foraxaHigie viav@iseButors.
means of a punp via a further heat exchanger or a

Howe\g%siﬁaw loe agv@ntagenus whenra pertionethe zendensate strerm is fed into
i va SRS ARG THEABP oy B0 1PE AP oy AL TRIR il prerored

that thsrfdeding introdweeshstabitizeoipte thd@dtofele dangais to a
tenperature in a range of about 18 to about 50C,

preferably about 18 to about 40C and nore preferably

[ t. [
A P RS8R o bONSrkB o 19 BB FE L Bl oan. o
exampiejthe braeched offibdfatd introdattiominté the Vepdurinefaridise introduced

col umm. , The condensate stream can in principle be
directly into [tWe top of the column. I?lere too, it is preferreg that thfg introduction

introduces stabilizer into the top of the column. The introduction into the top of the

(D

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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fed into the top of the colum in any desired manner,
for exanple via distributors. However, it may be
advant ageous when a portion of the condensate stream
is fed into the vapour |ine above the top of the
or exanple sprayed,i,n. It is also pr
wo Z%bt ha?4%h| S feggi ng introd ées stabilizer nﬁ%? @09/050294
top of the columm. A further substream of the
condensate i ntended for recycling into the col unm can,
for exanple, be branched off before introduction into
the vapour line and be introduced directly into the
apparatmp pfefetablycalstutic. mider,6n toeder totadhtevier irg isuBStahtially thiferm
trogyction 20 jntroduces stabilijzer into the top of

| d'St”bt‘H‘é“@ fnenstabitiger indbe S90EeNTAICISHOSIreA®- t op of t he

columm can be done, for exanple, in such a way that
the interior of the top of the colum is sprayed with

The uacarmiethsablet gaseock substances edlich ag: abta@edciarthé puAfitation process
colum, at which the nethacrylic acid

t he top of h

are, foggﬁaw%ns&ni g%.g'SPPS%y addi tional |y be advantageous
to add a stabilizer for preventing polynerization to a
condensate 25 substream which is recycled into the

A prefemed systelhfos wafmrmmgjtbna)rotess acaurping, tolilye pdelemy invamtion has at
a t merizatio hibitor as a
least RISy YSTEAD ilingb Tutiie rdier Rl Steidfonte forms

part of&ﬁé%‘ﬂb}&:t—%aﬂé?%f*ﬂ‘?é’ pdsehbmveptigan. 1t has been found
advant ageous i n sone cases when the condensate

substream after the addition of the stabilizer but

e R i B0l B35 oo, oo
excharifers B2 &8I Aich BrPRIaativs terpeftbdan Be %Eift‘!s’céd to a desired

m xer, in order to achieve very substantially uniform
profiledi stri bution of the stabilizer in the condensate

substream The uncondensabl e gaseous substances which

are obtained in the purification process 5 are, for

The reestanmtd ean beitrdducddsipestk. tubular eéitéeda ysirap) Teavoid
perform ng the E)r ocess accor di n&@i o the present
mainteNADEPTPIgHEtRRETAHON FBHIIOWAe ités & nagsibje fepravida iwo or more

pumps%t‘n@ﬂ% tqq‘ég rﬂ{)ec’feecf‘ n%r?ggefuo&v?%og%ﬁomh%&ﬁ)%@ﬁ? Fé)z{]cqgnts can

approph@tely 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.

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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The tubul ar reactor preferably has at |east two, nore
preferably at |east three, heat exchangers, by neans
of which the reaction tenperature can be adjusted to a
desired profile. 15 The reactants can be ingroduced
gt ubul ar reactor vi punp. To avoi
wo 2rmi ntLérgr?::e- rel ated operati ?néshut downs, it i gcz;\ﬁ/§52009/050294
possible to provide two or nore punps which can be
connected in parallel. Viewed in flow direction, the
reactants can appropriately be m xed upstream of the
punps, in which case the systemnore preferably has
sepamtorfray bezferattybe &gsifped \»lwitlxiari@ait extﬂim_lg;]&nge dlieivears
th unps_ anpd the 2 ubul ar reactor. ese neasures
temp%rﬁf%%ﬁ%ioﬁ%?%e% foRfcontErlgd. achi eved with
regard to operational reliability and the service
lifes of the system and in relation to the vyield and
The systenp eyt haveforteh éwpravdnere. phiaser ssparateds, pysteeendebeing given to

o U BRSSP b B hasa st
may bR @sitheeRAPRRIECRGE 'ﬂﬁegﬁ e fdeRd iV thfod GHEWALCH thé rﬂ@aé;c%n mixture

the feed |line through ich the reaction mxture 1
is paspad érta thepbase sepacaier. Jhpaverbod phasheepamaiot prafénably comprises

ich.th h ' t f bly b
an apbalei e d3pfophd T BEGafR R ate e Sesori has-anasator
preferBbithisea toF edleRthyn ke MRt PPdsk RePafdiSr. AMRSRAWRI phase
2009/ 115349 15 PCT/ EP2009/ 050294 separ at or nay

separgiee MavERypLe ahleppbede withdrawal gwintst svhichyat leaFhome screen
: 0 . phase, recycl ed t e L
which e el SIRES Elicfely ArisBanRnS: e bindfant pointis
preferablyanadified suph ¢fiatrire celatiedlp @og'rseepilarti@le_sfre@‘i’ﬁéoebgth@ $dteen are
at. | east two phase separators. Appropriately, the

mechanicalyy G Wepale BiechapiFaheomBHianeabin partiedat be brought
about i ELISERETALE A W0F AU HORtEh 6D DA hevea as a esu

at the sereendeatis tecarapanaior. For @kangid, \the @amsens&m b&@onfigured in the
aratus for controlling the inorganic discharge. The

form Ogggdﬂ%? eéﬁﬁ!ﬁ'fjﬁf’w“h %@r@ﬁer ably has a greater
The cdgﬁbé'ﬁ@nt%t&?%é Bestbid ﬁﬁicﬂt(gzg)ﬁn% ﬁzcgégﬁfal%’fe ‘évistﬁré(;%}]og%%g@gially the tubular

ase 10 separator may
reactonithé guawes aqbthet plasenbeperatr, dregstferablyswnetracted 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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which retains relatively coarse particles is provided.
In this case, the withdrawal point is preferably
nodi fied such that the relatively coarse particles
retained by the screen are nechanically conmm nuted.
ni cal comm nution in particular
wo Hrbgﬁgﬁtcj%about by a turbul ercﬁpfl ow, in which Eg;géE?ﬁgoglosozgd'
friction on the particles achieved as a result 1s at
the screen |l eads to conm nution. For exanple, the
screen can be configured in the formof an inserted
tube provided with bores. The conponents of the system
The abbie wilt now benitlosteatetidntway bhexamgle Wit esferdrice tbmdnlimiting

.tubular reactor, the punps and the phase separator,
dfaW"&@%u’ld}%B@ﬁ%ml setihed #mglerejﬁgtf%ﬁ@'aw%eithe presand cantext to a system

: I L eoni ntalum titanium or

forpr%?éar?{rﬂ @%g{asﬁwig'rﬂéﬁ%egghggﬁnet al which has, for
exanpl e, an enanel layer or a zirconiumlayer. In

. .addition, .it . is alsp possible to use plastics, for

Fig. 13, aphemaieet apusien Prosasieme oy aplive Miavater,
conmponents or naterials conposed of graphite,
especially in punps. The nethacryl am de used to

Fig. 2prapehamatic bba systemn fripdepuanfyingefhethaohyliclasid)bt ai ned by
25 the so-called ACH process. Proceedi ng from hydrogen
cyani de and acetone, acetone cyanohydrin is prepared

Fig. 31 ™ §cHdmafic 6t #BnaMlrifisafidesystomver hidhi@ylic acid and
nmet hacryl am de. These steps are describéd, Inter
alia, in US 7,253,307, EP-A-1 666 451 and DE

| 5 5349 16 PCT/ ER2009/ 050294, , .
Fig. 4:re SRR 11 7 SHI T b theotdsp iy <oP Wil ebtained from
withd systear ey didlysing imethaéiyamideawi ngs. The system

described in the figures relates in the present
context to a system for preparing nmethacrylic acid.

Fioure S BB bt LR e SR i

reacted ahittnwhter. Dhroaighisies MO0Y thepa i, idoyivegedrdY pasipg 1®1 and 102, is
a schematic of a fine purification

passefifiigg é’ﬂﬁF %‘giulgféteﬁatﬂf;ﬂl%e Taeivrtahepquiedrpgthesreagtion can be fed via
an extéﬁégﬁ&lﬁr‘gé ifh lﬁ‘lezm,s/\?)ﬂr#ﬁfs S REA D FiE 186 YRR PEAREFigure 1.

obtal n
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
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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the system for hydrol ysing nethacrylam de. Figure 1
shows a preferred enbodi nent of a system 10 i n which
the nethacrylamde is 15 reacted with water. Through
lines 100, the am de, conveyed by punps 101 and 102,
%%d into the tubul ar actor 103. The
wo zro?qgl/,ll red for the reaction caﬁebe fed via %@ERQPOQIOSOZM
source into line 100, which is connected to I|ne 100

via line 104 in Figure 1. 1In addition, at |east a
portion of the water froma phase separator 116 which
wi Il be described |ater can be introduced via |ine

118 into line 100. In this case, the supply, 20 viewed
direction, can be effected upstream of punps

|
The CQO&%‘% r %‘fé’onm%%emdlscaﬁweﬂoaa Yine 109nwhishdgads into a first phase

soparlfr 0P ik 438 Bl sGPORER!, 0br Bl BATRS AR, Bl rmoved

This pootien abitel aguadue presetis oacytled waemesﬁalbmto W $09 CBiis Rercuit is

. .added through line 105. 25 The tenperature of the
ma'“f%'nsaq%{tn R 11931 Risonneated inpgralel. dermpspyethensooling

perforh%cerfﬁrtﬁ _a@;h%lﬁi ﬁ?h?ée E%Héfggedt @S%ﬁe%@ﬂ@@%}pﬁﬂ'ﬁen%&own in the

nd 108 i ch case, are ~confrgure
preselatmasatlmalheabamhanmnﬂ1éf the tubul ar reactor. For
this purpose, it is possible to use cooling fluids
whi ch are passed through jackets which are provi ded at
The co@led
I8 EAOAN A 2115 WL e ¥bnasp separator 11
into theggsond phaisk tseperater 81 8.cFre gecbnd phasensefdzaiorvtibanhay especially

r 0. In the first,
have 4 8813 0 el asad SFAERS Relidhnn frinecpresett fgure.
The adueeBuseshaseliBidisdb@i §édviadinet 117, 2MdeP BSrtRhaTehé Biqueous phase can
recycled via line 111 into line 109. This circuit is
be mtrﬁﬁﬂ@&fbmﬁ@aﬂ%?w%cgnﬁn@wﬂme 10GBespeaialiyt theough line 118.
parallel. To inprove the cooling performance of the
aqueous phase recycled via |line 111, the enbodi nent

The pca’ﬂomtbf the aheeouy sisesy whibds hos rébybfé@t cHXEA ABRSd &%4A system
e cool ed reactjion mxture is passed via |line

swtab'f% BhifihBuosstis shawe sebpaadically imfigune4i e organic pbaselis

iscnaRIAPRQRARY B RiaT o TRECTS, RRB R By beroy

purified bycrhmmfof a\:two-lstage proicesHOME EysteReshiyvas Bikighidtingay 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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The aqueous phase is discharged via line 117, and a

portion of the aqueous phase can be introduced into

t he am de-conducting Iine 100 especially through line

118. 15 The portion of the agueous phase which is not

can be worked up. ystem suitabl eqf '

wo 2;)0‘9%18{35:32&95 shown schenat i calA@ in Figure 4. Tﬁ /Ebab89/050294

organi ¢ phase is discharged fromthis part of the

plant via line 119. The organic phase is preferably

purified by neans of a two-stage process. The system

shown in Figure 1 may have gas separators, which are
low-baitihg sbnstituents ocar bo tanpfrridsfroridra id @ esfoRs by theadigiifation column

separator 20 may be provi ded especially downstream of
201 virihes sl pries exepaner#03 1s thbealpyhasaat 4¢3.tthe vapours are

cooled !a?uﬁicii]%éﬂd'r &y §Péslirgé'r2gégi% & ﬁé”ﬂ?’o&é)ﬁh\%ﬁ%@ﬁgﬁ%ﬁ Qubstances can be

distilTation sys ans _ _
recycledvrtoatdlimg 20dothsoudhuking 205f Férhetabitigativrg apdtasidzevdatposition

can be obtained fromthe reaction m xture are _ 25
can bg gﬁm@tﬁe%m%ootﬁsmwahﬁw GRi Rehdens, TBeexMalan¥ia thedeed 206,

throu@(@m%ea s@bilﬁegpﬁﬁn?é 8&n bErbdS dﬁfcﬁl{iﬂoe %ﬁ%shown in

lgure 1 is introduced via llne
distillation colum 201. The introduction can be

A por SEE onb SR G BB e S bt B v

line 200888kl dd3de Y2TkiihidGAE Tofifin PPhd bBASHE JreRe EOHRML BSn be
p region of the distillation colum 201 via line

diSCh;ZSQd iMervthe sysdéemancpiemper! 0208.liner209hehheat ex_chaln_ger
FigureZd Sholila RRHNE sibrRE & ARRLie CRLAE o WihnPiER the

methataigdcktlobtairedipl tHeThokding 6f theHbdvetfeséRBed Mtillation system can
stabilization, a stabilizer conposition 5 can be

be purifiad fyeihieed i nto the col um. This can be done, for
exanpl e, via the feed 206, through which a stabilizer
m xture can be introduced into |ine 205. A portion of

A methderyliohcidreontdiningecohasosiorevam deantesdudedavi ihe 3B into the
... evaporator 208 via |ine 207 and be passed back into
distillatipr celyimma0 1 THightkaitinggonstituents of thissosmesition are discharged
' t Vi [
rom i SS0BHERLLUPRS B VRN 3081 pE Ayl E:rHGe can e
evapowdited inl & dottomssanatpenatad 3044 whichtis prefelsbly 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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met hacrylic acid obtained in the bottons of the

above-described distillation systemcan be purified
further. 15 A nmethacrylic acid-containing conposition
can be introduced via line 300 into the distillation

1. High-boiling congtituents of this
Wo zéghéggﬁtﬁ?on are di scharged qgr omthe colum tﬂpg@Ph2009l050294
the bottonms via line 302. A portion of this discharge
can be evaporated in a bottons evaporator 304, which
Is preferably configured as a circul ati on evaporator,
through Iine 303 and be introduced into the bottom of
colum 301. 20 The nethacrylic acid-containing vapours

. are withdrawn fromthe colum via line 305 and
Figure-4 shews @schematic ofcaprafound sysienstn stripring dhiriandeeys phase

_ : . A o e .
wnich ORI e AL, The aquoous
phaseccandies ftrbducet via livesatt 0@ xritb amgacid 386selatd 1behichtis ebarged with
thr?%gp | 308 into a second 25 heat exchanger 309 i
steamiaToRd 4061 the gRRIQUS PPsRNGeSs 1sleased Fnapesticaretdigcharged via
line 4 ﬁ\?&até&ﬁﬁn%’t"é{@ﬂ l%'a&lgeéi t;%tpéé\éCiECﬂr.e{nE%?récﬂ\ﬁatliﬂB A5 into a
. 10 stabi e

the distillation colum Ize t
column dito sihichois likewsentharged mdthdsteaml Viati fead d@7uithe 2leous

dischq?‘éé1 tc):lglgeI o lgcﬁq%agggrgﬁﬁgﬁﬁggﬁl HJbéfvg\Sgp&H?a pg% isf iﬁgoidlr}éed via line

105 inf 15, 19190 R ARl Mg i n

410 anchoaw, intes elianbe sentoto the hydfalysie gpragasseshoar indtiginepl reince this
the agueous ase ich is ai ned.fromithe system
phaseyR S RRRIBRRIEH R WHlkr it RaBHlalies SRS RwsBany of
methaBRAiE @ickPand tetMadrodusigd. via |ine 400 into an acid
vessel 401 which is charged wwth 5 steamvia feed 402.

The gaseous substances released as a result are

Tho kA WDEA0 18Rt PRG5BS JMFoutne

intentie® theMmhid @houlthintdbsesa Fddtitore charged with steamvia a
feed 407. The aqueous discharge can be discharged

through |ine 408. The vapour phase is introduced via
éqe 409 into a condenser 404. The condensed phase is
Exampl : .

W thdrawn fromthe systemvia |line

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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10 410 and can, inter alia, be sent to the hydrolysis

process shown in Figure 1, since this phase has a

hi gh proportion of water and volatile organic

constituents, especially of nmethacrylic acid and

anide The present gnvention will be

wo %ﬁ:ﬁp'ﬂf"ﬁ ated herei nafter usi r?g]an exanple, w tﬁgJ{Elt’%%OQIOSOZM

15 intention that this should inpose a restriction.

Exanple 1 Methacrylic acid (MA) is prepared in a

system shown in Figure 1. In this system with 20

tubul ar reactor 103 (reactor; H=19.7 m D= 0.78 m
Claimsax. perm pressure: 6 bar, max. perm tenperature:

200C), virtually trouble-free operation of the system

over nore than 6 nonths is ensured. In the course of
s R RS Ve 6O A sE S Tt A P i water, the

GONMVErsioy befngadeffécetadtcoﬁ@n&@sl;( iR @)budarereactur éV@8), chiibacterized in

009/ 115349 20 P P2009/ 050294
(e U g Phasswie Fller o vatBIrangytupuge craor (103§ > fow direction
mhgqggmimg&u,\gth wat er, the conversion being
fected continuously in a tubular reactor (103),
characterlzed in 5 that there is a pressure
erence Wt

2. PhockSt BRESlid B Gleim . P bdetn Rat ekl difidfence

aeReEHitRe uti@t @tﬁe%éctaﬁ&aérﬁptrermet df'thé aidutctt.efrom the tubular
pressure difference between the inlet o .

reaglor 4103) iamdlaasé 1dar! et of the products fromthe
tubular 10 reactor (103) is at least 1 bar. 3.
Process according to Claim1 or 2, characterized in

3. Proakss Becsraird drCiaimrieor zwmaeadteﬂz@t inetht e reaesHis are
at the start of the reaction and at a | ower pressure

canvertad aéAdioh Prefsure attheosiart of the reagivesindaicolaiiaigpressure at
tﬁg eﬁ? c%f‘tﬁétreé)ét%n‘?f the preceding clainms, characterized
I A a

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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the tenmperature is neasured and regulated in at |east
two regions. 5. Process according to at |east one of
the preceding clainms, characterized in that 20 the
reaction is effected at a tenperature within the range

WO 2%1‘09 3t4r§_ 150C. 6. Process agcor ding to d ai QEEJ{EEZOOQIOSOZM

10.

11.

12.

13.

14.

15.

16.

characterized in that the reaction is effect
tenperature in the range of 90 to 130C at the start of
the reaction and in the range of 110 to 150C at the
end of the reaction. 25 7. Process according to at

| east one of the preceding clains, characterized in

Prodess tadveordiag taaGimal , chepasterizetlindthattheoleripepass at the end of
t the start of the reaction than at the end of the
EdERLU 19 loaidy t1righer Branmtthestaibof sopagtiors.

Process according to Claim?7, characterized in that

the tenperature at the end of the reaction is at

Pexess aCchidytgeto Claim 7abr 8 hehashetetized in that treatamperatifte at the

Process according to im7 or 8, characterized in,
e o CAEHYR JP@S&%”@Q*@HW@ grthe siart ahfhe rgactian.
at nost 25C higher than at the start of the reaction.

10. Process according to at | east one of the preceding
Rriosers acchrdirgrtoeatileast ane ohthe prebeding ataimsncharacterized in that

ffected at ressure in the,range of, .1 bar to 6
{6 rE8&N, B erfcTREAEH bhesslit T theryae0g a1 bar B 6 bar.
characterized in that the conversion is effected at a

I;?ressure in the range of 2 to 6 bar at the start of
neeesaceordingtadClaim d Op chaeagiarizedrin tivet tharegeversion B aftected at

Spleyfl 508 50k BL2153 AR R et B AGE R at  presure
i iee ety bIZE6 th 1% Bhdradt thd et the'eddtionr eactor (103) is

flowed through fromthe bottom upward. 13. Process
according to at | east one of the preceding clains,

SRS 0 ok B PiEh A
the esmdangactari(m3) is Hiowaet Birougttirom theadottonhapwastt i on
m xture conprises at |east one stabilizer.

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,
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15. Process according to at |east one of the preceding
clainms, characterized in that the nolar ratio of.
water to nmethacrylam de in the reaction m xture used
isinthe 25 range of 1:1 to 7:1. 16. Process

WO Zgﬁgﬁgg?ggl to at |east one o%zt he preceding CllgbﬁrfEonogloson

17

18.

19.

20.

21.

ized in that a ure i s used which
conprises 10 to 40% by wei ght of nethacryl am de, WO
2009/ 115349 22 PCT/ EP2009/ 050294 20 to 50% by wei ght
of water, 30 to 65% by wei ght of sul phuric acid and O
to 5% by weight of additional additives. 5 17. Process

2010500y Wei tofwaﬁér one of the precedi ng cl ai s,
characterize hat the pH of the m xture used is

Jhto @r@%rté/n‘gélgbf Of.LSlﬂ'@hQ”C agid @"Pdocess according to at
qﬁoa?‘% We@htbhgd&ﬂgﬁgldédﬁn@ 2l s, characterized in

dence °n t he range of 10 m nutes
to 2 hours. 10 19 System f or perform' ng a process

according to at | east one of O ains
RIRspet perqrding torptdeast Qnﬁe°f§9§tpé%%%ﬂaé@§ %harﬁ%t&&t?ed in that

t t: | ubul ar reactor
14 LSRR A uBELs Rl ranBeldiRoR 101 8
characterized in that the tubul ar reactor |s
i stant .. nmetal

,fggtgésr g(%er @fggiggﬁeaq% %:ngl ! gﬁ@ preseding glglr[ﬁ cﬂ?ractenzed in that
tl%1 FESGEd ﬁr%@ i th {Héﬁ‘anga%fﬁl@%ir@ﬁd ﬁ‘ﬁ?%@bré" as at

| east two heat exchangér , 107, 108)

System for performing a process according to at least one of Claims 1 to 18,
characterized in that the system comprises at least one essentially vertically

aligned tubular reactor (103).

System according to Claim 19, characterized in that the tubular reactor is

constructed from an acid-resistant metal or a coated metal.

System according to Claim 19 or 20, characterized in that the tubular reactor has

at least two heat exchangers (106, 107, 108).



