1 Method for purifying nethacrylic acid The present invention relates to a
process for purifying nethacrylic acid and to a systemfor performng this
process. Processes for preparing nmethacrylic acid have been known for sone
time. A customary procedure consists in the controlled oxidation of

hydr ocar bon gases, for exanple propyl ene or butylene. D sadvantages of this
process are the yields obtained thereby, which are rather | ow when vi ewed
overall. In addition, methacrylic acid can be obtained by the reaction of
met hacryl am de with water. This process is described especially in US
7,253,307. According to this publication, the reaction of the

net hacryl am de with water can be effectied in a stirred tank reactor or a
tubul ar reactor. Preference is given to performng the reaction at a
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prepar at \V s rather igwavhap dewedhaveidllor art, it is thus an object of the
present invention to provide a process for preparing or for purifying
met hacrylic acid which can _be performed in a particularly sinple and
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the water. This process is described especially in US 7,253,307. According to this

publication, the reaction of the methacrylamide with water can be effected in a stirred
tank reactor or a tubular reactor. Preference is given to performing the reaction at a
pressure in the range of 3.65 to 7.70 bar and a temperature in the range of 50 to
210°C. The resulting reaction mixture is cooled by a heat exchanger and passed into a
phase separator. Here, an aqueous 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 'object 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



.2 service life of the systemfor preparing nethacrylic acid are to be
~increased. In addition, formation of undesired by-products is to be
mnimzed It was therefore a further object of the present invention to
provi de a systemfor preparing nethacrylic acid which enabl es very

i nexpensi ve production of methacrylic acid. These objects, and further
obj ects which are not stated explicitly but which are i nmmedi ately evi dent
or discernable fromthe connections di stussed herein by way of

i ntroduction, are achieved by a process having all features of Caim1l.
Appropriate nodifications to the process according to the invention are
protected in subclains. Wth regard to the systemfor performng the
process, Claim2l offers a solution to the problemof interest. The present
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The present invention accordingly provides a process for purifying methacrylic acid,
which is characterized in that the reaction mixture obtained by a reaction of
methacrylamide with water, is cooled by mixing with an aqueous medium and then

passed into a phase separator.

As a result of these measures, it is surprisingly possible to provide a process for
preparing or for purifying methacrylic acid which has a particularly outstanding profile of
properties. It is surprisingly possible through the process according to the invention to
prepare methacrylic acid in a particularly simple, safe and inexpensive manner. In the
process, it is possible, inter alia, to increase 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



The reaction can be effected batchw se or continuously, for exanple in a
tubul ar reactor or a stirred tank reactor. In a particular aspect of the
present invention, the reaction can be effected continuously in a tubular
reactor. The terns "continuous” and "tubul ar reactor” are known in the
technical field. Continuous reactions are understood especially to nmean
reactions in which reactants are added and products are renoved fromthe
reaction m xture over a prolonged peri@gd. Tubular reactors conprise at

| east one tubular region in which the reaction can proceed. These reactors
typically have a relatively sinple construction, and so the capital costs
are conparatively low Wthin the tubular reactor, a pressure difference
may preferably be present in flow direction of the reaction mxture. This
pressure %B&%@%ﬁgﬁe can, inter alia, be achieved through different
subreglon I'nthe tubular reactor which are delimted from one another,
for exanple by valves. In a preferred enbodi nent of the present invention,

h f o] d whi.ch h
enct) oaTHE SR R0 SERReRER N R Ayl 08t PR GR "
pr essur eola tfiresdzek rwmtorh In & partelirir abbeyctwf arepresdatinesition theirehationeant he

t ant dt tlet of th duct t bul aCt t
cr 111 oal paneded SoRisHeu R arHey Ry SRHOh TR Ea r NP o BRUAT i n 1 he

case of @ahicﬁ'har@rl@ﬁ)mrrﬁmh ﬁ‘ef:ﬁﬁn@éllcf%ld mﬁ%us RabligHs areemaufstost fference is
in many cases associated with high capital costs. Unexpected advantages can

be achi eSREcEdpé; MeRnyeagtiopsdn WP@B%?‘E‘"@?W eAddedand p%&dUP@ﬁ? remngvesthy , nore
pr ef er abjrymahe r&REbn Mikdre ang a@éfon@é@%@ﬁ@@'%bﬁtar'ré‘&%rs komgPRE at | E&%t

pressure gradi ent here nmay assume an orm for exanple a stePped orm

However , Offsaiubutad region inewlicl thecreastio v@hprto@egqi oﬁ@gy@égaqtmvw@ﬁ vtheve® essur e
is al ter t S ¥, by nmeans of
t ubul ar I%gg@tgg s'gﬁé%éb?@&g);((%ﬁs&h 3vh| g%pl%s&rﬁ%?%gesééig oﬁ?‘%}?mw di recti on of the

reaction mxture, is inclined with respect to the earth's surface. The

T

al i gned esse Vert at'l on ace, though
rel ati vedh;ecymmbf trweeaaidmn'a;uréoThiepeaquEe diffetepss caha'nteleﬂa tgﬁmﬂéez\@kil y |ess

t han 5, riate
cont gur LSRN SRR darenn 8\ EirruFeda Thbh 3Kt BRI RLRURES" Ehe
SL art ofaridtieer EnekampleahsWVavesald awfepe}e_eaunroeﬁnttdﬁmeam%ef?t lhmtlb?ﬁmis OE
This no cation can confiqure virtue o ow,t hrou a
ubul ar TPabEs G DR Phevitiadtaprarshis feupeh sophinecarriP MR ace
from t hepdsebs Grouginahdighs diglardridatin Fib® direeiordi rection has a direction
conponent which is aligned at right angles to the earth's surface. The

reaction can be effected at el evated or reduced pressure. Surprising
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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. thé




~Appropriately, the conversion can be perfornmed 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
nore 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, nore preferably 1.5 to 4 and nost
preferably 2 to 3 bar. The reaction tenperature may |ikewi se be within a

w 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 plant, be achieved by virtue of the reaction being perforned at a
tenperature in the range of 90C to 150C, preferably 100C to 140C. The

i nprovenents detail ed above can surprisingly additionally be enhanced by
converting the reactants at the start of the reaction at a | ower
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cat al yst g tHe¥ar@dMReaci ds, and stabilizers which prevent polynerization
of the unsaturated conpounds. The reaction can preferably be catal ysed with
acid, in which case sul phuric acid can be used with particul ar preference.
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of 1 bar to 8 bar, preferably 1.5 bar to 6 bar and more preferably in the range of 2to 5

bar.

Appropriately, the conversion can 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
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



In order to prevent undesired polynerization of the unsaturated conpounds,
it is possible to use polynerization inhibitors in the reaction. These
conmpounds, for exanpl e hydroqui nones, hydroqui none ethers, such as

hydr oqui none nononet hyl ether or ditert-butyl pyrocatechol, phenothiazine,
N, N1- (di phenyl) - p- phenyl enedi am ne, 4-hydroxy2, 2, 6, 6-tetranet hyl pi peridi ne
1-oxyl, p-phenyl enedi am ne, nethylene blue or sterically hindered phenols,
are widely known in the technical field&d These compounds can be used
individually or in the formof m xtures and are generally conmercially
avail abl e. Reaction of the stabilizers usually consists in themacting as
free-radi cal scavengers for 6 the free radicals which occur in the course
of polynmerization. For further details, reference is made to the conmon
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can be UgRfbnstireRe fRERYri ses 10 to 40% by weight, nore preferably 20 to 30%
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32% by wei ght, of water, 30 to 65% by wei ght, nore preferably 40 to 52% by
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in the technical field. These include especially catalysts, for example acids, and

stabilizers which prevent polymerization of the unsaturated compounds.

The reaction can preferably be catalysed with acid, in which case sulphuric acid can be
used with particular preference. The sulphuric acid can additionally be added to the
reaction mixture. In addition, the sulphuric acid may already be present in one of the
reactants, for example in the methacrylamide and/or water. The pH of the 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, itis
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



Sur prising advantages can be achieved specially in the case of a residence
time in the range of 10 mnutes to 2 hours, nore preferably 20 mnutes to 1
hour. For the success of the invention, it is essential that the reaction
m xture obtained by the reaction is cooled by m xing 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. Mrre particularly, this confieguration allows the 7 yield of

nmet hacrylic acid to be increased and the formation of by-products,
especially solid constituents, in the reaction m xture to be mnimzed The
aqueous nedi um by which the resulting reaction mxture is cooled preferably
has a tenperature in the range of 20C to 80C, nore preferably 40 to 75C.
The vol upg &t laRic3ls Wiien gﬁ’@cﬁ'tn'\ fHe %ﬂuﬁé% M@I’l%gn byortfbﬁhéﬁ:fé%llso”
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and an aqueous phase. g preferably has two or nore phase separators,
such t hanixtuie Oifwatﬁnaﬁlﬁwp tocgaém %Omh@lmﬁ@uib@ nMalafatio of water fhase separ at or

into a Srﬁgf?xggry%ﬁg irs FRALAL R mixture used may, for example, be in the range of 7:1 to
1:1, more preferably 5.5:1 to 4:1.

Preferably, a mixture can be used which comprises

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



This configuration of the process allows the cooling circuit to be
decoupled in a particularly sinple and hence | ow nai nt enance nmanner from
the di scharge of the 8 inorganic phase. Anobng ot her reasons, the discharge
of the inorganic phase present in the second phase separator can be
controlled in order to achieve further inprovenents in the service life 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

capaci tive neasurenent. The di scharge stream can be passed through a
screen, such that relatively coarse particles are retained. The initially
retained relatively coarse particles can preferably be nechanically

comm nuted. This comm nution can be effected, for exanple, by nmeans of
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al l ows the by-product formation to be mnimzed to such a significant
degree that only small amounts of relatively coarse particles have to be
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constituents still present in aqueous phase. The or gani c constituents

driven othe, ramm@hZHatvé famﬁrgrprfﬁfea%wiﬂdw - methacrylic acid, can be
purified and recovered. In a particular configuration, the organi ¢ phase of

the separated reaction m xture can be purified by a two-stage distillation.
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constituents which, however, should not exert an adverse effect on the reaction

mixture. It is particularly appropriate to use an aqueous medium which is obtained by
separation of the reaction mixture obtained by the reaction. This measure allows the
costs to be lowered considerably. In a technically particularly favourable manner, the
aqueous medium can be discharged from the phase separator. This configuration is
possible as a result of the surprisihg finding that the aqueous phase obtainable in a
separation in many cases comprises relatively low proportions of organic constituents,
especially of solid by-products, and these proportions can be minimized further by
purification or by means of a suitable volume of a first phase separator 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



To renmove | ow boiling constituents of the organic phase, the crude
nmethacrylic acid is preferably fed into the upper half of a distillation
colum. 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. At the top of the columm, the

| ow-boi l i ng constituents are renoved. I particul ar, these may, for
exanpl e, be ethers, acetone and nethyl formate. The vapours are
subsequent |y condensed by neans of one or nore heat exchangers. It has been
found to be useful in sone cases, for exanple, first to performa
condensati on by neans of two series-connected, water-cool ed heat

exchanger
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brine-coql ed heat .exchangers. In a further configuration of the apparatus,
Iomrborlﬂﬁ@ U5t uent s can al so be di scharged via a |low boiler outlet. In
t he cascade of heat exchangers t he vapours are condensed provided W th
stabiliz nd, for exa sent to a phase sepa e the vapours
ol so BB ABChaRRLEEM Carkbe Batheo ol S GatimeRE oG FIRLeeRaSR or sent
to a furpheiciedtdré reﬁarqeerrrh&rmawmhed edlavaBOsSHrse partivlel Rah préfetdbhpbd on 1S

t hat of rec%cl i nP into aqﬁP[/droI ysi s reaction. The or anr c phase renoved may
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colum top. Since the organic phase renoved is a phase adm xed wth
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further suppression o merization ten of the vapours renoved.
10 minimized to such & srgnrfrcant degree that only small amounts of relatrvely coarse

particles have to be comminuted.

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

purified and recovered.

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

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

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

preferably fed into the upper half of a distillation column. The column bottom is



adm xed with dem neralized water in such a way that a sufficient separating
action can be achieved in the phase separator. The gaseous conpounds which
.remain after the condensation in the heat exchanger cascade may, preferably
by neans of steamejectors as reduced pressure generators, once again be
subj ected to a condensati on by means of one or nore further heat

exchangers. It has been found to be advantageous for econom c reasons when
such a postcondensati on condenses not @nly the gaseous substances fromthe
prepurification. For exanple, it is possible to feed further gaseous
substances, as arise fromthe main purification of nethacrylic acid, to
such a postcondensati on. The advantage of such a procedure lies, for

exanpl e, in thus being able to transfer a proportion of nmethacrylic acid
whi ch hap EPUIEO KPS § Rall Rrfloflird bPABRBOTHABBUOIAPCIPRE Vi a

t he phas sepa ator 1nto e purification co um tor the purposes of
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yield ca met hacrylic acid occur.
Nbreovergo@ eqéﬁkﬁgﬁPé%§g¥@% F€E86t9§@§ﬁ esign and of the operation of
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anot her such that no dead spaces arise. This is achieved by neans of outl et
ori fi cesN¥siolysig &83i8Ped adhesi on seams, as described hereinafter. Such

adhesi on seans have at |east 2, preferably at least 5 and nore preferably
at least_10 interruptions per 1 m of adhesion seam|ength. The | ength of

these infke pm@nmmseﬁw@ée% maydeded Parly anveflux iy th?aﬂee Qighecoli@asf about

10% pre to t 50%
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hori zont d% éﬁ exaqg the(ftubs which open into the interior of the
col um oY &P?ﬁﬁ‘? SE%HPY:e ly or with oblique surfaces. Another
nmeasure may consist in keeping the amunt of I|qU|d nmet hacrylic acid
present in the colu bottom as | ow as ssiple durin the eration of the
ot o, HiRiCosTRate Tisapt CORIE T Vs PR HEP I i ASEHY PrEehft e or
noderate tenperatures and | arge evaporation areas during the evaporation.
It may be advantageous in this context that the anmount of liquid in the
colum bottom anmounts to i-n the range of about 0.1 to 15% and preferably
about 1 to 10% of the total amount of nethacrylic acid in the col um.



12 In the purification of the nethacrylic acid, high-boiling constituents
‘thereof are separated fromthe product by distillation. The bottom
tenperature is preferably about 50 to about 80C, especially about 60 to
about 75C, at a wall tenperature of |ess than about 120C. The materi al
obtained in the colum bottomis preferably renoved continuously and cool ed
by means of a heat exchanger or a cascade of a plurality of heat exchangers
to a tenperature in a range of about 400to about 80C, preferably about 40
to about 60C and nore preferably in a range of about 50 to 60C. To inprove
the yield, the bottons of the second still can once again be evaporated.
These bottons of the second still can preferably be evaporated with a
circul ation evaporator and introduced into the second still. This

confi gur ahhiedi WittPE&hREFRde@WRlerdn siira Wal ThAVPOMA RlsehMatin§asfiiPca{ cost.
However, circul ation evaporators are nore mai ntenance-intensive if solid

by- pr odube schieves irctiemhase seprralérxt ure to the evaporated. Surprisingly,
however, surprisingly effectively cooling of the reaction mxture, which
| eads to unexpectedly | ow by-product formation and effective mnim zation
of the s&hé@aem¢qmmm§ whidtereniain piersthblcendenaatien g1 thedleat exshanger
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bri ne-cool ed heat exchanger a cascade of nor e brine-cool ed heat

exchangeP©CRpEHiesalpr 6@@?'651%9*538 paing @bfeste tfﬁnsferf %%fPBP”'@F of methapsylic

acid which has not been condensed in the main purification stage once more via the
phase separator into the purification column for the purposes of prepurification. lt is
thus ensured, for example, that a maximization of yield can take place, and minimum
losses of methacrylic acid occur. Moreover, the suitable selection of the design and of
the operation of these further heat exchangers allows the composition of the offgas

leaving these heat exchangers, especially the content of low boilers, to be adjusted.

For fine purification 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



a further configuration of the apparatus, |lowboiling constituents can al so
be renoved via a lowboiler outlet. The condensates obtainable fromthe
peat exchangers are introduced into a collecting vessel and sent to a
buffer vessel by nmeans of a punp via a further heat exchanger or a cascade
of two or nore further heat exchangers. The condensate streamis cool ed,

for exanple, by neans of a cascade of one or two water-cool ed heat
exchangers and one or two brine-cool ediheat exchangers to a tenperature in
a range of about 18 to about 50C, preferably about 18 to about 40C and nore
preferably in a range of about 18 to 30C. A substreamis withdrawn fromthe
condensate streamand is recycled into the distillation colum via the top
of the colum. The condensate streamcan in principle be fed into the top
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sent to di sposa stem 0 n e present process A
conpr | Se I AIRREH sueh 1 iy ek b PR saSh rhmd 100 WPREEY, aHed SoPHEs e
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to using an essentially vertically al i gned tubul ar reactor. This all ows

surprisi ?fﬁ“eé&?a?ﬁa%@é‘g&b Apgthes Hpaige dnsasure meydedheb in the itermal eegions &s of
the syst@Bcorinth, Rpb&siYiIneLE Wit RHRIMES cMbEtwith the methacrylic acid, less

than about 50%, preferably less than about 25% and more preferably less than about
10% of all surfaces, especially of column internals, run horizontally. For example, the
stubs which open into the interior of the column may be configured conically or with
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 anofher 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.



~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. The reactants can be introduced into the
“tubul ar reactor via a punp. To avoi d nmai ntenance-rel ated operation
shutdowns, it is also 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 theqpunps, in which case the system nore
preferably has no further internals for mxing in the region between the
punps and the tubul ar reactor. These neasures all ow surprising advant ages
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 systemfor performng the process according to the present
invention has at | east one phase separator, said phase separator being
connect edh the purifieatjarl e the mesthacryllveadice dipH-baiking torstiientshtheteof bee r eact i on

m xture IS _pass into the phase. arator ... Such stem | j i f.orns
part “of creat tub M ptodfob FRuBERE Ris quelt e B Rl B Rkl B 3Bol| e
t hr ough 8bite AbbineBPlasspigadoot 60rayapue 767G ity Wwall ieaprestuedoftiosd thenf eed
l'ine throggh )&Hoﬁg the reaction mxture may preferably be passed into the
phase sef W y preferably be equi pped with a heat exchanger. This
allows the tenperature of the phase recycled to be controlled. The system
may have_one, two or nore Bhase separators, preference beiﬁggH iven to

syst ens WNEMalerialoRiaingd i the gebimybhetion by riefesghly 6PPRES]N ly ppdt phase

separ at OkodRY b InERRNVTEL IRt BYcrrlgRF BEA Badddde dfa dilifyetthebi 8@nbhRgedah Whi ch
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tor.

the first phase separ e second phase separator nay conprise at | east
one w thdrawal point at which at | east one screen which retains relatively
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punps.
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



The net hacryl am de used to prepare nethacrylic acid can preferably be
obt ai ned by the so-called ACH process. Proceedi ng from hydrogen cyani de and
acetone, 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. The above wi |l now be
Illustrated by way of exanple with reference to nonlimting draw ngs. The
system described in the figures related3in the present context to a system
for preparing nethacrylic acid. The figures show Fig. 1: a schematic of a
system for reacting nmethacrylamde with water, Fig. 2: a schematic of a
system for prepurifying nethacrylic acid,

a further configuration of the apparatus, low-boiling constituents can also be removed

via a low-boiler outlet. The condensates obtainable from the heat exchangers are

intfroduced into a collecting vessel and sent to a buffer vessel by means of a pump via a

further heat exchanger or a cascade of two or more further heat exchangers. The

condensate stream is cooled, for example, by means of a cascade of one or two water-

cooled heat exchangers and one or two brine-cooled heat exchangers to a temperature

in a range of about 18 to about 50°C, preferably about 18 to about 40°C and more

preferably in a range of about 18 to 30°C.

A substream is withdrawn from the condensate stream and is recycled into the
distillation column via the top of the column. The condensate stream can in principle be
fed into the top of the column in any desired manner, for example via distributors.
However, it may be advantageous when a portion of the condensate stream is fed into
the vapour line above the top of the column, for example sprayed in. It is also preferred

that this feeding introduces stabilizer into the top of the column.

A further substream of the condensate intended for recycling into the column can, for
example, be branched off before introduction into the vapour line and be introduced
directly into the top of the column. Here too, it is preferred that this introduction
introduces stabilizer into the top of the column. The introduction into the top of the
column can be done, for example, in such a way that the interior of the top of the
column is sprayed with 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



Fig. 3. a schematic of a fine purification systemfor nmethacrylic acid and
Fig. 4. a schematic of a system for stripping the aqueous phase which is
obtained fromthe systemfor hydrol ysing nethacrylam de. Figure 1 shows a
preferred enbodi nent of a system 10 in which the nethacrylam de is reacted
with water. Through lines 100, the am de, conveyed by punps 101 and 102, is
passed into the tubular reactor 103. The water required for the reaction
can be fed via an external source intoi4ine 100, which is connected to |line
100 via line 104 in Figure 1. In addition, at |least a portion of the water
froma phase separator 116 which will be described |ater can be introduced
via line 118 into line 100. In this case, the supply, viewed in flow
direction, can be effected upstream of punps 101 and 102. Punps 101 and 102
are Connﬁﬁﬁﬁgtds l%@é@{)lk/%l %ﬁ?{e?‘llh%#d R0 BERIELO Ve suBsEREaIlUhiBRA 102

all ows t eoperalona Ia I ncrease To stabilize the

reacti ondntrpbtutlorepfttreambillzpermthemndenmeubstmgh li ne 105. 17 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

pur pose, The uhsomtzesmsiaﬂﬂbgalseoumbstmicieag/hﬁdhﬂrd$bwmmminahe ppecaidntpnocasgh

j ackets whi gh are row{} at v rious segnents of the tubular reactor. The
conver t ed™S ELEPER Sk Péj'ﬁF’@Sa scharged via line 109, which leads into a
first phase separator 110. In the first phase separator, a portion of the

aqueous ?Fase is renoyed. This ort| on of the %%geo g, ase |is ecycl ed via
line 1117 PafBteNIar agérming e AresaitPrecesigiay: cq H’egvo RdepeiRps™©i12, 113
connect efactindamaddselith Water. MHe@Y endile: §ciang shesd emrasssorf aricdebaggeous
phase recycled via line 111, the enbodi nent shown in the&%esent case has a

heat exclfaREEs- Preferenaeds giysnda upisg@n eeptialyyeaically gligneddubyiar1§a50r1 15 from

the firs{highasks §§®ﬁ§ﬁb%rdvéﬁiggé§¥d3bé B&wyém% RIRS@ (BB ANEY lifdd 6f thEhe
second phase separat or ecially have a device for controlling the

di schar g&/stet, %frﬁosthﬂdtel%ﬁwﬁfqdﬁc Pigithr esent figure. The aqueous phase is
di scharged via line 117, and a portion of the aqueous phase can be

i ntroduced into the am de conducting line 100 especially through Iine 118.
The tubular reactor preferably has at least two, more preferably at least three, heat

exchangers, by means of which the reaction temperature can be adjusted to a desired

profile.

The reactants can be introduced into the tubular reactor via a pump. To 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.



The portion of the aqueous phase which is not recycled can be worked up. A
systemsuitable for this purpose is shown schematically in Figure 4. The
organi ¢ phase is discharged fromthis part of the plant via line 119. The
organi c 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 provi ded especially
downstream of the second phase separat®d 116 and upstream of the
distillation system Figure 2 shows a preferred distillation system 20, by
means of which the Iowboiling constituents of the organi c phase which can
be obtained fromthe reaction m xture are renoved. 18 An organi c phase
whi ch can be obtained, for exanple, by a discharge fromthe system 10 shown
in Figure 1 is introduced via line 200 into the distillation colum 201.
The introduction can be effected, for exanple, in the region of the top of
t he col uikhe regyele lipg-thisiugh n@mfbﬁhgtnhaa@ aepargtan Ny prefanahiv besannecied ththet op
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col um 2 e%t%quftlrng)%?%%?ecgE%%gE%%bb rg@ﬁq’ on da stabilizer conposi tion

can be i Bddicea’im one, for exanple, via the
feed 206, through which a stabilizer m xture can be introduced into l'ine

205. A portion of the colum bottons e evaporated in a.bot
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Figure 3 shows a pref rred enb n
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conposition can be introduced via line 300 into the distillation columm
301. Hi g Berarahs feoeritiollingibe ingraanis diselargesi s sproRdP@se SRRAIGEY from t he

col umn  thepighly hae aRbhRFGohR thhmthedRet prﬁas@%rebb%oroﬁ’hb'%b@on% Sidky ge can be

evaporated in a bottoms evaporator 304, which preferably configured as a
ci r cul atseparaioamey £oBwrise Bt ®aghone Wéhcgewawnﬁfé Whﬁh aldaePnemceeahe bott om

of col unpyidRtetains relatively coarse particles is provided. In this case, the withdrawal point is
preferably modified such that the relatively coarse particles retained by the screen are
mechanically comminuted. The mechanical comminution can in particular be brought
about by a turbulent flow, in which case the friction on the particles achieved as a result
at the screen leads to comminution. For example, the screen can be configured in the

form of an inserted tube provided with bores.

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

components or materials composed of graphite, especially in pumps.

The methacrylamide used to prepare methacrylic acid can preferably be obtained by

the so-called ACH process. Proceeding from hydrogen cyanide and acetone, acetone



The nethacrylic acid-containing vapours are withdrawmnm fromthe colum via

| ine 305 and condensed in the heat exchanger 306. The condensed nethacrylic
acid is withdrawn fromthe distillation system 30 through Iine 307. A
portion of the phase 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 cool ed can be introduced into the
top of the distillation colum 301. To1&tabilize the conposition present in
the distillation colum 301, stabilizers can be used. Stabilizers can be
fed in, for exanple, through |ine 311, through which stabilizers can be

i ntroduced into the heat exchanger 309. Figure 4 shows a schematic of a
preferred systemfor stripping the aqueous phase which is obtained fromthe

system 1 i : : gcba%{ | qyy ﬂ%%% e
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Vi a IineDﬁg&édggggﬁﬁ}%denser 404. The aqueous phase is transferred via

|l i ne 405 ‘406, which is |likewi se charged with steamvia a feed
407. The aqueous di scharge can be di scharged through |line 408. The vapour
phase is oduch Vi ondensed phase

[ nt line 4 into.a condenser .404. The
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proportion of water and yolatile organic constituents, especially o
met hacry qr@r%%rwgéﬂ?fﬁﬁ%%%‘?@lﬁfﬁ @Qéﬂesl'ﬁféo"br esent invention will be
illustrated hereinafter using an exanple, without the intention that this

shoul d i npose a restrjction. ) . .
Fig. 1: a schematic of a system for reacting methacrylamide with water,

Fig. 2: a schematic of a system for prepurifying methacrylic acid,
Fig. 3: a schematic of a fine purification system for methacrylic acid and

Fig. 4. a schematic of a system for stripping the aqueous phase which is obtained from

the system for hydrolysing methacrylamide.

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



Exanple 1 Methacrylic acid (MA) is prepared in a systemshown in Figure 1.
In this system wth tubular reactor 103 (reactor; H=19.7 m D= 0.78 m
max. perm pressure: 6 bar, max. perm tenperature: 2000, virtually

troubl e-free operation of the systemover nore than 6 nonths is ensured. In
the course of this, the systemloading can be varied wthin w de ranges.
Loads up to 20 000 tonnes of MA per year with a purity of at |east 99.5%
(HPLC) are achieved. 20 Cains 1. Protess for purifying nmethacrylic acid,
characterized in that the reaction m xture obtained by a reaction of

met hacrylam de with water is cooled by mxing with an aqueous nedi um and
then passed into a phase separator (110, 116). 2. Process according to
Caim1l, characterized in that the aqueous mediumis obtained by separating

the reactlQl.p >{Hé!'eeh§£lte%%el?%’1éé‘eld7%ﬁﬁf1(%’\Nh|§h :ﬁ’rtr%?ﬁ argegd?'%g to

Claim 2, chara ter|2e he’aqueous nediumis d romthe
phase sepanfigtioad gslaintegragl)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.

The converted reaction mixture is discharged via line 109, which leads into a first phase
separator 110. In the first phase separator, a portion of the aqueous phase is removed.
This portion of the aqueous phase is recycled via line 111 into line 109. This circuit is
maintained by the pumps 112, 113 connected in parallel. To improve the cooling
performance of the aqueous phase recycled via line 111, the embodiment shown in the

present case has a heat exchanger 114.

The cooled reaction mixture is passed via line 115 from the first phase separator 110
into the second phase separator 116. The second phase separator 116 may especially
have a device for controlling the discharge, which is not shown in the present figure.
The agueous phase is discharged via line 117, and a portion of the aqueous phase can

be introduced into the amide-conducting line 100 especially through line 118.

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.



4. Process according to at | east one of the preceding clains, characterized
I n that the aqueous nedium has a tenperature in the range of 20C to 80C. 5.
Process according to at | east one of the preceding clains, characterized in
that that the reaction mxture is introduced froma first phase separator
(110) into a second phase separator (116). 6. Process according to Caimb5,
characterized in that the discharge of the inorganic phase present in the
second phase separator (116) is controlged. 7. Process according to C aim
6, characterized in that the discharge of the inorganic phase is controlled
by neans of a pressure differential neasurenent and/or a capacitive
measurenment. 8. Process according to at |least one of Clains 5to 7,
characterized in that the discharge streamis passed through a screen such
that relatively coarse particles are retained. 9. Process according to
Claim8, characterized in that relatively coarse particles are nechanically
conmmi nut &d.ordanic phassewkichcanbeiabipined, dor éxaaytle dyea dischdige oecibeisygtent ai ns,
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201 via line 202 into a heat exchanger 203. In the heat exchanger 203, the vapours are
cooled and discharged via line 204, and a portion of the condensed substances can be
recycled into column 201 through line 205. For stabilization, a stabilizer composition
can be introduced into the column. This can be done, for example, via the feed 206,

through which a stabilizer mixture can be introduced into line 205.

A portion of the column bottoms can be evaporated in a bottoms evaporator 208 via
line 207 and be passed back into the column. The bottoms of the column can be

discharged from the system by pump 210 via line 209.

Figure 3 shows a preferred embodiment of a distillation system 30, with which 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



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. 13. Process according to at | east one of the preceding
clainms, characterized in that the reaction is carried out in a tubular
reactor (103) which is flowed through fromthe bottom upward. 14. Process
according to at | east one of the preceding clains, characterized in that
the reaction is catalysed with acid. 28 15. Process according to at |east
one of the preceding clains, characterized in that the reaction m xture
conprises at |east one stabilizer. 16. Process according to at |east one of
the preceding clains, characterized in that a mxture is used which
conprises 10 to 40% by wei ght of methacryl am de,

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.

Figure 4 shows a schematic of a preferred system for stripping the aqueous phase
'which is obtained from the system 10 for hydrolysing the methacrylamide. The aqueous
phase can be introduced via line 400 into an acid vessel 401 which is charged with
steam via feed 402. The gaseous substances released as a result are discharged via
line 403 into a condenser 404. The aqueous phase is transferred via line 405 into a
column 406, which is likewise charged with steam via a feed 407. The aqueous
discharge can be discharged through line 408. The vapour phase is introduced via line
409 into a condenser 404. The condensed phase is withdrawn from the system via line
410 and can, inter alia, be sent to the hydrolysis process shown in Figure 1, since this
phase has a high proportion of water and volatile organic constituents, especially of

methacrylic acid and methacrylamide.

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

intention that this should impose a restriction.
Example 1

Methacrylic acid (MA) is prepared in a system shown in Figure 1. In this system, with
tubular reactor 103 (reactor; H = 19.7 m, D = 0.78 m, max. perm. pressure: 6 bar, max.
perm. temperature: 200°C), virtually trouble-free operation of the system over more
than 6 months is ensured. In the course of this, the system loading can be varied within
wide ranges. Loads up to 20 000 tonnes of MA per year with a purity of at least 99.5%
(HPLC) are achieved. ’



20 to 50% by wei ght of water, 30 to 65% by wei ght of sul phuric add and O to
5% by wei ght of additional additives. 17. Process according to at |east one
of the preceding clains, characterized in that the pH of the m xture used
isin the range of 1 to 2. 18. Process according to at |east one of the
precedi ng clains, characterized in that the residence tine is in the range
of 10 mnutes to 2 hours. 19. Process according to at | east one of the
precedi ng clains, characterized in that the organic phase of the separated
reaction mxture is purified by a two-gjage distillation. 20. Process
according to Claim19, characterized in that the bottons of the second
still (3Q%hmgre evaporated with a circul ati on evaporator (304) and

i ntroduced into the second still. 21. Systemfor perform ng a process

accordi ng, t o @bcekefs huPiRg MetfdodlidBeidl ch@adllize® HRthaCterbBsh hiktdrbdbtalndg
syst em conpr i 5£s raattidn@R PetRE RSt AREF BlBsled Byl RlxingS@ttdarPaReeusSAEAinAt or
(110) bei ng camanret Reselintd apREsEGhr tw@u(,ll%) to the feed |line (109)
t hrough which the reaction mxture is passed into the phase separator (110)
wher eby the rmeged accbiding tolddih 1, hherdaghbrizehiic khat hiee pese Sedanas obtaipdd By i s
connect ed t o depsratfiregttle Feattdn (ke dotaired G theheadion.he reaction m xture is
passed into the phase separator (110) is equipped with a heat exchanger
(114). 3. Process according to Claim 2, characterized in that the aqueous medium is discharged from

the phase separator (110, 116).

4, Process according 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.

5. 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).

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

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

7. 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.

8. 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.

9. Process according to Claim 8, characterized in that relatively coarse particles are
mechanically comminuted.

10. Process according to at least one of the preceding claims, characterized in that the volume
ratio of the reaction mixture obtained by the reaction relative to agueous medium is within
the range of 2:1 to 1:5.

11, Process according to at least one of the preceding claims, characterized in that the reaction
is effected at a temperature in the range from 90°C to 150°C.

12, Process according to at least one of the preceding claims, characterized in that the reaction
is effected at a pressure in the range of 1.5 bar to 6 bar.

13. 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.

14. Process according to at least one of the preceding claims, characterized in that the reaction
is catalysed with acid.



22. Systemaccording to Caim21, characterized in that the system has two
phase separators (110, 116). 23. System according to Caim 22,
characterized in that the first phase separator (110) is connected by a
recycle line (111) to the feed line (109) through which the reaction
m xture is passed into the phase separator (110), and the second phase
separator (116) conprises control of the inorganic discharge. 24. System
according to any one of Clainms 21 to 23, characterized in that the second
phase separator (116) has a greater volume than the first phase separator
(110). 25. System according to any one of Clains 21 to 24, characterized in
that the;sec S t t at
whi ch at Toast oenlaeadngR gﬁffé géeé‘"’ﬁj: P e BR e M e
provi ded. 26. System accor ng to Cains 25, characterized in that the
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retained by tliedahiceesnpicd mechani cally conmmi nut ed 22 27. System
according to ﬁt@MW%Mgh%fméth@drﬂ&ﬁn@él zed in that the screen is configured
i n the form ofo tarsovstsasdied of wrer, provi ded with bores.

30 to 65% by weight of sulphuric acid and

0 to 5% by weight of additional additives.

i7. Process according to at least one of the preceding claims, characterized in that the pH of
the mixture used is in the range of 1 to 2.

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

19. Process according to at least one of the preceding claims, characterized in that the organic
phase of the separated reaction mixture is purified by a two-stage distillation.

20, Process according to Claim 19, characterized in that the bottoms of the second still (301)
are evaporated with a circulation evaporator (304) and introduced into the second still.

21. 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) whereby 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).

22, System according to Claim 21, characterized in that the system has two phase separators
(110, 116).

23. System according to Claim 22, 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.

24. System according to any one of Claims 21 to 23, characterized in that the second phase
separator (116) has a greater volume than the first phase separator (110).

25. System according to any one of Claims 21 to 24, 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.

26. System according to Claims 25, characterized in that the withdrawal site is modified such
that the relatively coarse particles retained by the screen are mechanically comminuted.



28. System according to any one of Clainms 21 to 27, characterized in that
t he phase separators (110, 116) are constructed from an aci d-resi stant
nmetal or a coated netal which conprises, for exanple, an enanel |ayer or a
zirconium | ayer.

22°

27. System according to Claim 24 or 25, characterized in that the screen is configured in the
form of an inserted tube provided with bores.

28.  System according to any one of Claims 21 to 27, 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.



