PE 58735 1 Process for transferring heat to a liquid m xture conprising at
| east one ppeigrpgcrylic nononer Description 5 The present invention
relates to a process for transferring hqat to aliquid mxture conprising
at |l east one (nmeth)acrylic nonomer with'the aid of an indirect heat
exchanger which is flowed through on its primary side by a liquid heat
carrier an i i j : i QU ¥t ure
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not ati on " (MWEPWFacrylic nonomers” is an abbreviation of "acrylic nononers
and/ or methacrylic nmononmers”. 15 In this docunent, the term"acrylic
nononer s" b@sagngpbreviation of "acrolein, acrylic acid, diacrylic acid
and/ or esters # acrylic acid". In this docunent, the term"nethacrylic
monomers" is an abbreviation of "methacrol ein, met hacrylic acid and/or
esters of irb¢ pesseyt incerdion délate @ & pedck}afor yrhngfemop deet to adiveid mipture ant
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of pregyrsahetn ewn{ep_ereof), especi ally of propyl ene and propane in the
case of ac o?e?\ér?mgn acrylic acid or isobutene and isobutane in the case of

met hacrylic acid and of nethacrolein. In addition to propyl ene, propane,
i sobut ene &nithisi dosboreat) éhe raaticalsireetBircstliamadnogiendtiean ablsregatoradfsacmlicher

conpounds GRIBFleRd A4/ R&th4cr§iRy RBRLAREQTS, such as isobutanol, n-propanol or
precursors thereof, for exanple the nethyl ether of isobutanol.

(Meth)acrylic acid can al so be obtained from (meth)acrolein (which is
obt ai nabl e|n thisrdocBBieak treptean “dryylconatensis’| i9 an abberiapon nladwlejt ecarid

formal dehydgd; diddi/fc S aRd/bYedtdt Wrdendc BEigduct gas m xture from which the
(meth)acrylic acid or the (meth)acrolein has to be renoved. 40 Esters of

(meth)acrylic acid are obtainable, for exanple, by direct reaction of
( met h) acr ylni thisadgcdmantl ther te(rremathaenylid mionomenshistaneabboeviatiop oh dheljaaioledhol s. PF
58735 2 HaumvRfylic bbidareiRs @stepPofthStBadyiescid’i se initially to product
m'xtur% fromwhich the (neth)acrylic esters have to be renoved.

(Meth)acrylic monomers are important starting compounds for the preparation of

polymers which find use, for example, as an adhesive or as water-superabsorbing

materials.

25 Inindustry, {(meth)acrolein and {meth)acrylic acid are prepared predominantly by
catalytic gas phase oxidation of suitable C3/C4 precursor compounds (or of precursor
compounds thereof), especially of propylene and propane in the case of acrolein and
acrylic acid or isobutene and isobutane in the case of methacrylic acid and of
methacrolein. In addition to propylene, propane, isobutene and isobutane, suitable

30  starting materials are also other compounds comprising 3 or 4 carbon atoms, such as
isobutanol, n-propanol or precursors thereof, for example the methyl ether of
isobutanol.

(Meth)acrylic acid can also be obtained from (meth)acrolein (which is obtainable, for
35 example, by condensation of propionaldehyde and formaldehyde).

This nermally affords a product gas mixture from which the {(meth)acrylic acid or the
(meth)acrolein has to be removed.

40  Esters of {(meth)acrylic acid are obtainable, for example, by direct reaction of
{meth)acrylic acid and/or (meth)acrolein with the corresponding alcohals.



Far the aforenentioned renovals, one or nore thermal separating processes
are 5 freqpgrgd7gsenpl oyed. I n these processes, at |east one stream

conprising at |least one (meth)acrylic nmonomer is generally supplied to a
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characteri ﬁo\nfévéreﬂttléjéfseft% anB%l\fé%lrgé'Jﬂlﬁt’%twt%br%@ﬁmtuxﬁlﬁ?ﬁ&ﬁ WhEh tRE OCesses 1's

that the s act i n achi eve em gener a requires the 10
supply of Erﬁ ?Pétrﬂgr?éte@ Tt rherﬁﬁ@f’%‘il of heat) and that they typically
involve liquid phases (liquid mxtures) (which are conducted in the

?GD?L?U nglF%p%leoﬁéﬁ'Feﬁhor%WEﬁ‘l'o§§s c(r{éeérhﬁ&értwérht‘él 9&'{’% %)rcﬁc%tssése&%t one
met h) acrylic

et 8L bebut i eyt loiihers HaSaaeR 4t %lfe%”ha?m g dER T pRe

exchanger s (mgd)adnylic resrdmeits desallyowpplidddaiaceppratiop epassnpnd ef Iagstanel east one
(met h) a% y|(dt|ﬁ<-tar€ﬁt'?@ﬂ€ém'cémfphéﬁﬂg'gmebé’t dﬁet(h@trfs}a\ayutcrrﬁahdmért.s Withérﬁﬂn %ﬁ%@é ; ng
space. | an or as
P reeul 1 oRematePartg Shdsth Antraplef i EARR fu e BokhS f Wit SRR Shons
exchanger whicehsdsss thasiedseparating lactiomadhieyegmitrdhgm giederally raglirem®eusl y by a
fluid heat sggwly bethernddl & g?gthteQréanérbﬁtHWYﬁdthgttﬁé@%%ﬁﬂﬁln%véﬁqtﬂg bet ween

this

the two str s sh be
under st ood PRt S sy il arE Tppoiied iy nd St GO TR i Earigee

m xt ure of (Aelh)apiylig W%@éﬁ@é%@/ﬁ@@hmﬂdlc reapmerr(eh denexanpe.a hi gher
t enper at ur@g,hansgdms iquid mxture conprising at |east one (rret h)acrylic

di vi di wal |
Wit on 25" o Beneddic {t%“tgsmtg%%é@me@gg MBS SR ST REE e i et
heat eX&hafgerangerseTo thipend, tﬁtgaélb@rtﬁtmd Mixtire gEMpegity Adaestérehanger shal | be
a heat exchas@@dcryiid idriceier ieméquepty WitRdra@h drofd pdrtisfené e éjmaﬂ‘r@aép%deaﬁﬁs not in
ed

rater 2l Col Al thiloRe: BN0E iAW SBLREImoRhsyt) Y ded aptigld v from one
ior & 58P BlmpS byl 46 £ AL RBANLAH

anot her by a" mater| Al
m xture coﬁﬁw%ﬂ%tt@tselcea%aw&'ﬁeO(ﬁ@twjra@trtxﬂat @xqtaﬂwhl%lﬁélﬁwstitmgug@ thr ough
t he secondanytspridary sidelbihsultatetassouentiliy hebtw@rdidrqui d m xture whi ch conpri ses

at |eagh o S&H@%%H&rh&r@ﬁ%ﬂ[&ﬁ ts n{%&q n{;%@%ﬁe%ﬁﬁ@tﬁ&&%ﬂfs’%hé@ﬁ@h& ¢ the

i ndi rect h e Co exchange,
this may alc%'eb@” Hﬁﬁqwt tb'arsf‘t*'i/b%ldn%ﬁtﬁ%tcé’l"?a't 8 ligyd h¢alfsi¥hadse; in this
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synonymous i's recy
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may be cl og@s b8 t SRLREY neStfex hé fer g%%mtlb e!r?%xéh HOWever
a di sadvanta rocedure as ove i s t lacr
nononers, A @f ?%%’?’&ﬁé‘é@e hﬁﬁtleﬂcﬂ %QOtt”Flﬂ‘ﬁt?fﬁ’ Eried vt %‘Pé?&t"@& at ure
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hi gh ol ecy g BHiaBi%@re comprising at least one (meth)acrylic monomer which flows
30  through the secondary side results. Subsequently, the liquid mixture which comprises
at least one {(meth)acrylic monomer and leaves the secondary side of the indirect heat
exchanger in heated form (in the course of heat exchange, this may also be converted
partly or completely to the vapor phase; in this case, the heat exchanger is frequently
also referred to as an evaporator; in this document, the terms “gaseous” and
35 ‘“vaporous” are used synonymously) is recycled at least partly into the same part of the
separating space from which it has been withdrawn and/or into another part of this
separating space, and the withdrawal point and the recycling point may be close to one
another (cf., for example, DE-A 10332758).

40  However, a disadvantage of a procedure as described above is that (meth)acrylic
monomers, in circumstances including the influence of elevated temperature and
especially in the condensed phase, tend undesirably to the formation of high molecular
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reduction gve-descri bed foullng, In princi
r ecommends PRRICUFE BN §F SEANYBY-Y4§ cul ati on flash evaporators. However, a
di sadvantage of the prior art reconmendations is that the action of the 35
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of reaction products of propylenediamine with alkyl- and alkenyl-substituted succinic

carboxylic acids to which dispersing action is attributed (for example Komad® 313 from

Mol (Hungary)). in a corresponding manner, EP-A 1062197 recommends the addition

30  of surfactants to the liquid mixture which comprises at least one (meth)acrylic monomer
and is to be heated. For the reduction of the above-described fouling, EP-A 854129 in

principle recommends the use of forced-circulation flash evaporators.

However, a disadvantage of the prior art recommendations is that the action of the
35 additives recommended is not completely satisfactory. This is true in the same way for
the mere use of forced-circulation flash evaporators.

It was therefore an object of the present invention to provide an improved process for
transferring heat to a liguid mixture comprising at least one (meth)acrylic monomer with
40 the aid of an indirect heat exchanger.



4 Accordingly, a process has been found for transferring heat to a liquid

mxture cepEXdza5Ng at | east one (nmeth)acrylic nmonomer with the aid of an

. indirect heat exchanger which is flowed through (constantly) on its primary
side by a liquid heat <carrier and on its secondary side sinmultaneously by

the liquid m xture conprising at 5 | eas#4 one (neth) acrylic nononer, wherein
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to four di fi®hsorylatear bon atons (and otherwi se to no other atonm), with the
provi so that none of the four

30 In this documenit, a tertiary amine shall be understood to mean an organic compound
which comprises at least one nitrogen atom in chemically bound form, which has a
chemical bond to three different carbon atoms (to no more than and no less than these
three and also not to any other atom), with the proviso that none of the three carbon
atoms simultaneously has a chemical double bond to an oxygen atom or another

35 element of the group comprising oxygen in the Periodic Table of the Elements. In this
document, such a nitrogen atom is referred to as a tertiary nitrogen atom.

In this document, a quaternary ammonium compound shall be understood to mean an
ionic compound (the salt of a quaternary ammeonium ion) which comprises at least one
40 nitrogen atom which has a chemical bond (generally a covalent bond) to four different
carbon atoms (and otherwise to no other atom), with the proviso that none of the four
carbon atoms simultaneously has a chemical double bond to an oxygen atom or



carbon atons sinultaneously has a chem cal double bond to an oxygen atom or
PF 58735 5praagyper el enent of the group conprising oxygen in the Periodic
Tabl e of the Elenments. In this docunent, such a nitrogen atomis referred
to as a quaternary nitrogen atom The positively charged i on which

conprises it is referred toin this doc@rrent as a quaternary ammoni um i on.
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positivel yéqci}sé ed amoniumion (cf. 25 Gundl agen der organi schen Chenie

[ Fundanent or ganic chem stry]; Hans Rudolf Christen; Verlag
Sauer | dAder Aarau, DiesterwegSalle Frankfurt am Main, 1975, p. 383 ff.).
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(and the resu tlng non- quaternary ammniumsalts): R-NR (1) 12 40 where

R1, R2 and R3 are each independently an al kyl group which has froml to 8
Relative to a particular tertiary amine, a Brensted acid is such a chemical compound

which is capable of releasing a proton to the tertiary amine, which converts the tertiary
amine to a non-quaternary, electrically positively charged ammonium ion (cf.

25 Grundlagen der organischen Chemie [Fundamentals of organic chemistry]; Hans
Rudolf Christen; Verlag Sauerlander Aarau, DiesterwegeSalle Frankfurt am Main,
1975, p. 383 ff.). This simultaneously converts the Brgnsted acid itself to its conjugated
anionic base.

30  Active compounds particularly suitable in accordance with the invention are tertiary
aliphatic amines and their non-quaternary ammonium salts. These amines can be
derived from ammonia in that its three hydrogen atoms are replaced by three alky!
groups.

35 Among these tertiary aliphatic amines, preference is given to those of the general
formula | (and the resulting non-quaternary ammonium salts):

RY-~N—-R’ (n

40 where R, RZ and R? are each independently an alkyl group which has from 1 to 8
carbon atoms, preferably from 1 to 6 carbon atoms and more preferably from 1 to 4



carbon atons, preferably from1l to 6 carbon atons and nore preferably from1
to 4 PF 58Fgmgyascarbon atons (these groups are fornmed only from hydrogen
and carbon atons and do not conprise the cycloal kyl groups) or cycl oal kyl
group (are likewise forned only from hydrogen and carbon). 5 Anong the
tertiary aliphatic am nes of the generall formula |, particular preference is

given in typdoh %t&rﬁ@ﬁﬁeée"@r&‘lﬁ'ﬂs‘%?e RkniedBanTrdie hfz@regerpéﬁﬁ Gérﬁl% Mto?r% éﬂd@i’d group)

dth | t - th
bronst 6d aBPUYTPeBIE BrIRAR R O0R O Rl e Gt KEREs BT OTY OB, e

et hyl groupydropen asbparopyl group, 10 the n-propyl group, the n- butyI group,
the tert- butyl group and the n- hexyl group, and al so the cycl ohexyl group.

I_n ot he ﬁ %}lve cprﬁ)&?gnds \ chl ar 'ﬁ ntg us | gc%ordance
wth trs AR e SRR B e R o R b AR E AR
tri-n- hexylgafﬁﬂnretum {oi theselip Vl’hﬁl’yR’a?rRﬁé Féi*r{anqxlp'afe@biymnraﬂm @r@up}(@psiltfmn ne (and

their salt $e§MthE nenBlLarsifd agfhdhlum sAtss@eUnel BaitsAgitH & BesHstateadkhl.i ve
conpounds are those (referred to later in this docunment as active conpounds

of the general fornmula I1) which derive fromthe active conpounds of the
gener al f oPhefPaeq R}, RinRaradinatreare demetiivharonat thaetivearsup dhe isepropiiedRIp, 20 R2,

R3 radigal shd spaipyBdrisip, 166 n&Y.6H gmdkilsyhe Gérebdtyl g}ou‘@aﬁ@tr@nﬁh 2yl gue, adr ogen

atons are Ieast one of the groups -OH -NH2, -NHCH3 and
-N(CH3) 2 aﬁc?% g?‘ﬁ&h%%%@gtcr? or acyclic) carbon chain is interrupted at

| east once by an oxygen atom (and salts thereof with a Bronsted acid).
Anong t hesén othar worele] adtive apmpsirtisaetiduthrip edgantegeout on AbdSrddncbliwithehs anet hyl -

ait wet gl anfrea e B %ké?"‘ﬁw’“%#&faﬁ’%m@ﬁw@% M EfeRiah e g‘ﬁ”th | ani no- 1-
pr opy! afi nQUTYHnNPENBHCNN qtlay N‘é{' Rrony WW@%%@‘?E%'&W%G Brprgted acid

di met hyl cycl ohexyl am ne (and salts thereof with a Bronsted acid). Usef ul

further temdy Iatfs\égdi‘l ni}ﬁéatf\% d&ﬂ@@k&n%&rﬁgf‘%ﬁé ﬁwggé’?re%rﬁeﬁ t% mer'dﬁ'\t‘rﬁt?&?%érﬁmt | ve

30 conpounds I vat I'n which

the hydr og@f a5HVe GamPaynds Bitas ogreralermula liyiwhich dsryeTeMdna agh&i t i on has been
repl aced byompoaide\df tigr gergrdRdormiuda/fl g afforomal sethse 8 tieat rab Eastadrensf th@Ref erably

froml )50 @:CRYBaARARY %a%?ﬁbr%?él@alkﬁrg‘?&ﬁuﬁ chfarféfﬂrlmére r%gé

and/ or the n| tro I azo posi t aI kyI at ed
Wth an af KgHAGE %xaﬂt%@ bR 7147% BlsRPS b, IV oA S ENC GBS Ly T r o 3
to 6 car bofcyatoosacynid) narrbenphmﬁe&mtﬂrwpfad(ﬂhl@st once b;earbmxyganatmn (dmd the case
of the "andaid hBkR8Rith hitFesdbd Scidy. tﬁé%ec &éﬁﬂaﬂéﬂw&%@é%md% igey\hose

cati on, n t ont n ent 0 rtiar ons. In
SRR 2 S A B T B e est IR %’g?gnsii

ni t rogéh aﬂmnﬂthyi_amhmethghetber [Ieh.tammwldlamghehemgmln@o3Ebtraat;hylem|rw-1-such tertl ary
ami nes sui hapRinlife, AERN (ARG RNV I 1{RedaR¥ G arRf §,NL-

dimethylcyclohexylamine (and salts thereof with a Brensted acid).

Useful further tertiary amines favorable in accordance with the invention (active

30  compounds lll) include derivatives of 1,3-diazole (imidazole) in which the hydrogen on
the nitrogen of the 1,3-diazole in the 1-position has been replaced by an alkyl group R?
having from 1 to 8 carbon atoms, preferably from 1 to 6 carbon atoms and more
preferably from 1 to 4 carbon atoms, and/or the nitrogen of the 1,3-diazole in the
3-position has been alkylated with an alkyl group R? having from 1 to 8 carbon atoms,

35 preferably from 1 to 6 carbon atoms and more preferably from 1 to 4 carbon atoms. In
the case of the “and” linkage, the salts are the so-called imidazolium salts whose
cation, in the context of the invention, has two tertiary nitrogen atoms. In the “or” case,
the salts are imidazolium salts with only one tertiary nitrogen atom in the context of the
invention.

40
Examples of such tertiary amines suitable in accordance with the invention are 1-
methylimidazole, 1-ethylimidazole, 1-propylimidazole, 1-ethyl-3-methylimidazolium



met hyl i m dazol e, 1-ethyl im dazole, 1-propylimdazole,
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Preferred quaternary ammonium (cat)ions are in particular those which are obtainable
from the active compounds (I} and (1) in a formal sense by binding, to their tertiary
30 nitrogen atom, a further alky! group R® having from 1 to 8 carbon atoms, preferably

from 1 to 6 carbon atoms and more preferably from 1 to 4 carbon atoms.

Such quaternary ammonium ions are encompassed under the general formula (V)
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35



group or cycloal kyl group which has from1l to 8 carbon atons, preferably
from1l to preayhen atons and nore preferably from1 to 4 carbon atons, or
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hydrogen atons are replaced by at |east one of the groups -OH -NH2, -NHCH3
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in accordance with the invention, the active-.conpounds to be added in
accordance with the invention are such that?:%ey di ssol ve conpletely in the
particul ar amount added in the |iquiRd mixture conprising at |east one
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in which R', R2, R? and R® may each independently have the definition assigned to
these radicals in this document.

20  Particularly preferred quaternary ammonium ions (V) are those where R' = R2=R23 =
RS (and preferably an alkyl group).

Examples of quaternary ammonium compounds very particularly preferred in
accordance with the invention are tetramethylammonium acetate, tetramethyl-

25 ammonium chloride, tetramethylammonium hydroxide and tetramethylammonium
acrylate.

In principle, all R', R?, R3, R4, R8, Rf and R*, R and R¥* radicals, in the case that they
are not cyclic, may be either straight-chain or branched.
30
In general, for the process according to the invention, at least 0.01% by weight, or at
least 0.05% by weight, often from 0.1 to 10% by weight, frequently from 0.1 to 5% by
weight, in many cases from 0.1 to 3% by weight and preferably from 0.5 to 2% by
weight or from 0.5 to 1% by weight (based in each case on its weight) of at least one
35 inventive active compound will be added to the liguid mixture comprising at least one
(meth)acrylic monomer.
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that they can be detected analytically (for example by gas chromatography or by
means of HPLC); for example, the second substance other than a (meth)acrylic
30  monomer may be a polymerization inhibitor).

At this point, it should be emphasized that all statements made in this document are
valid especially when the at least one (meth)acrylic monomer is acrylic acid. The
disclosure content of this document shall therefore in particular also comprise those

35 statements which result from the replacement of the term “(meth)jacrylic monomer(s})”,
wherever it occurs in this document, with “acrylic acid”.

The temperature with which the liquid mixture comprising at least one (meth)acrylic
monomer leaves the indirect heat exchanger again (i.e. on completion of the inventive
40  transfer of heat) (Teu) will generally be from 50 to 350°C, or from 100 to 300°C,
frequently from 150 to 250°C, and often from 170 to 220°C. The pressure within the
indirect heat exchanger may be either atmospheric pressure (1 atm) or above or below
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oxyl, 4-acetoxy-2,2,6,6-tetramethylpiperidine N-oxyl, 2,2,6,6-tetramethyipiperidine N-
oxyl, 4,4’ 4”-tris(2,2,6,6-tetramethylpiperidine N-oxyl} phosphite or 3-ox0-2,2,5,5-
tetramethylpyrrolidine N-oxyl, aromatic amines or phenylenediamines, for example
35 N,N-diphenylamine, N-nitrosodiphenylamine and N,N'-dialkyl-para-phenylenediamine,
where the alkyl radicals may be the same or different and each independently consist
of from 1 to 4 carbon atoms and may be straight-chain or branched, hydroxylamines,
for example N,N-diethyihydroxylamine, phosphorus compounds, for example
triphenylphosphine, triphenyl phosphite, hypophosphorous acid or triethyt phosphite,
40  sulfur compounds, for example dipheny! sulfide or phenothiazine, if appropriate in
combination with metal salts, for example the chlorides, dithiocarbamates, sulfates,
salicylates or acetates of copper, manganese, cerium, nickel or chromium. It will be
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30 noncombustible diphenyl, and mineral cils and pressurized water.

Indirect heat exchangers suitable in accordance with the invention are in particular
doubile tube, tube bundle, ribbed tube, spiral or plate heat transferers. Double tube heat
transferers consist of two tubes, one of which is inside the other. A plurality of these

35 double tubes can be combined to give tube walls. The inner tube may be smooth or be
provided with ribs to improve the heat transfer. In individual cases, it is also possible for
a tube bundle to replace the inner tube. The fluids which exchange heat move in
cocurrent or in countercurrent. The liquid mixture comprising at least one (meth)acrylic
monomer flows, in accordance with the invention, appropriately upward in the inner

40 tube, and, for example, hot steam downward in the ring space. Tube diameters
adjusted to the desired throughput impart flow rates which give rise to high heat
transfer numbers to the fluid media.
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and cross flow and transverse flow tube bundle heat transferers. In principle, the fluid
heat carrier can also be moved around the transferer tubes in a meandering manner,
30  and conducted in cocurrent or countercurrent to the liquid mixture to be heated in
accordance with the invention only viewed over the tube bundie heat exchanger. Spiral
tube bundle heat transferers generally also utilize the advantages of cross flow. The
tubes alternate - from layer to layer - from right to left. The outer chamber fluid flows in
countercurrent to the tube fluid and flows around the spiral tubes in cross flow.
35
In the singie-flow tube bundle heat transferer, the liquid mixture which comprises at
least one (meth)acrylic monomer and is to be heated in accordance with the invention
moves through all transferer tubes in the same direction.

40  Multiflow tube bundle heat transferers comprise tube bundles divided into individual
sections (in general, the individual sections comprise an identical number of tubes).
Dividing walls divide chambers which adjoin the tube plates (through which the



40 Multifl ow tube bundl e heat transferers conprise tube bundles divided into
i ndi vidual sections (in general, the individual sections conprise an

i denti cal mpdgan3sof tubes). Dividing walls divide chanmbers which adjoin the
tube plates (through which the PF 58735 13 transferer tubes are conducted
with sealing and to which they are secured) into sections and deflect the
liquid m xture which conprises at | east 1¥ne (nmeth)acrylic nononer and
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while the egmivayigra, e tube bundle 35 Robert evaporator is effected by
virtue of the ascendlng boi l i ng vapor bubbles and the density difference.

EP- A 854 129 therefore forns a constituent integrated into this
Heat exchangers very particularly suitable for the process according to the invention

are the heat exchangers described in EP-A 854 129 as prior art and as the invention

30 (especially those depicted in figures 1 to 3). These include in particular the forced-
circulation tube evaporator, the forced-circutation tube flash evaporator and the Robert
evaporator. In this context, the term *forced circulation” means that the liquid mixture
comprising at least one (meth)acrylic monomer is conveyed with the aid of a pump
through the indirect heat exchanger (its tubes), while the conveying in the tube bundle

35 Robert evaporator is effected by virtue of the ascending boiling vapor bubbles and the
density difference. EP-A 854 129 therefore forms a constituent integrated into this
document.

The process according to the invention is suitable in particular for those liquid mixtures
40  which comprise at least one (meth)acrytic monomer and, in a thermat separating

process for separating a mixture comprising at ieast one (meth)acrylic monomer, are

withdrawn from part of a separating space, to which is fed at least one stream



docunent. The process according to the invention is suitable in particular

for those PF@8785m xtures 40 which conprise at |east one (neth)acrylic
nononer and, in a thernmal separating process for separating a m xture
conprising at |east one (neth)acrylic npnomer, are wthdrawn frompart of a
separating space, to which is fed at | et one stream PF 58735 14
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conponent sistrem@vedby towering the partial pressure; desorption and stripping are frequently
employed superimposed on one another), the separating acticn is based in particular
30 on the different solubility of (meth)acrylic monomers and other secondary components
in a liquid. In distillation and rectification, the resulting separating action is based in
particular on the difference in the boiling points of (meth)acrylic monomers and
secondary components. Azeotropic distillation and rectification utilize the different
degree to which (meth)acrylic monomers and secondary components tend to form
35 azeotropes with added azeotroping agents.

The process according o the invention is of significance especially when, in a thermal
separating process, a liquid stream comprising at least one (meth)acrylic monomer (to
be treated under separating action) (e.g. acrylic acid or methacrylic acid) is conducted
40 for separating purposes into a separating column comprising separating internals, and
the liquid mixture which comprises at least one (meth)acrylic monomer and is to be
heated in accordance with the invention is withdrawn from the separating space



35 azeotropes with added azeotropi ng agents. The process according to the
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m xture to b%]obcg gl#oggacc nce wth 30 the invention is w thdrawn. Since

hi gh- boi | i Aid 8F H&g-y d| scharged from the separating
space, 2burt her actlve conpound generally has to be netered in

In principle, the nitrogen-comprising active compound to be added in accordance with
the invention can be metered into the indirect heat exchanger only briefly before the
entry of the liquid mixture to be heated in accordance with the invention and/or actually
into the separating space from which the liquid mixture to be heated in accordance with

30 the invention is withdrawn. Since high-boiling fraction is also normally discharged from
the separating space, further active compound generally has to be metered in
censtantly.

Frequently, the separating columns with separating internals used for thermal

35 separating processes are those which comprise a sequence of mass transfer trays at
least as some of the separating internals. Mass transfer trays {ulfill the purpose of
providing locations with continuous liquid phases in the form of liquid layers in the
separating column. The surface of the vapor or gas stream which, for example,
ascends in the liquid layer and is thus distributed in the continuous liguid phase is then

40  the crucial mass transfer surface. Mass transfer trays preferably conclude sealed to the
wall surrounding them.
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(feed) to the drain at the edge of the tray. 20 In the crossflow trays,
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(especially in the case of |ow columm dianeters), the
in other words, the forced liquid flow in sieve trays is achieved by virtue of the sieve
trays having, in addition to the passages for the ascending gas or vapor phase, at least
one downcomer (drain), through which the liquid, irrespective of the flow path of the
30 vapor, flows from the upper tray to the next lowest tray (feed). The liquid flows, for
example, in transverse flow over the tray from at least one feed to at least one drain, in
which case the feed pipe and drainpipe guarantee the liquid seal and the desired liquid
height on the tray. Frequently (especially in the case of low column diameters), the
sieve trays with forced liquid flow have a single-flow configuration. In other words, feed
35 and drain are disposed on opposite sides of the tray. However, they may also have a
double-flow (or else more than double-flow) configuration. In this case, the feed may be
disposed, for example, in the middle and one drain on each of the opposite sides of the
mass transfer tray. Such sieve trays are to be referred to hereinbelow as forced sieve
trays. In these trays, trickle-through of the liquid which reduces the separating action is
40 not, as in the case of hydraulically sealed crossflow trays, prevented by chimneys, into
which the passages continue, but rather a minimum vapor loading is required for this
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deflecting hoods (bubble-caps) are mounted which are immersed in the accumulated
30 ftray liquid. Frequently, the vapor deflecting hoods are slotted or serrated at their edges
(i.e. they have transport slots). The vapor stream ascending through the passage is
deflected by the vapor deflecting hoods and flows parallel to the tray, i.e. at right angles
to the column, into the accumulated liquid.

35  The vapor bubbles [eaving adjacent hoods which are generaliy distributed equidistantly
over the tray form a froth layer in the accumulated liquid.

Drainpipes or drain segments which leave trays, generally to the left or right in
alternation, supported by weirs, control the liquid level of the mass transfer trays and
40 feed the liquid to the tray below. It is essential for the hydraulically sealing action that
the drainpipes or drain segments of the upper tray are immersed in the accumulated
liquid of the tray below. There are preferably no feed weirs. Height-adjustable bubbie-
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30 ltis therefore appropriate to refer generally to theoretical plates. A theoretical plate is
defined as the spatial unit which brings about enrichment in accordance with the
thermodynamic equilibrium.

Frequently, acrylic acid from the product gas mixiure of a heterogenecusly catalyzed

35 gas phase partial oxidation of at least one Cs precursor compound of acrylic acid (e.g.
propylene, acrolein and/or propane) at elevated temperature with molecular oxygen is
converted to the liquid phase over catalysts in the said state, for example, by passing
the hot product gas mixture comprising acrylic acid, if appropriate after indirect and/or
direct cooling thereof, into a condensation column provided with separating internals

40  (preferably mass transfer trays) and allowing it to ascend into itself within the
condensation column, which fractionally condenses it, and withdrawing crude acrylic
acid from the condensation column in a side draw, whose acrylic acid content is
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30
In order to ensure maximum stripping efficiency, in a controlled manner, an acrylic
acid-comprising liquid mixture is withdrawn continuously from the bottom of the
stripping column, conducted through an indirect heat exchanger | for the purpose of
heating it (generally a forced-circulation heat exchanger (frequently a forced-circulation
35 tube bundle heat transferer), frequently a forced-circulation flash heat exchanger (in
many cases a forced-circulation tube bundle flash heat transferer)) and then
predominantly conveyed back inte the rectification column in heated form
{(appropriately into the bottom). The stripping gas is preferably likewise fed to the
bottom of the stripping column. The other portion of the bottoms liquid from the
40  stripping column which has been heated in the heat exchanger | is conducted with
viscosity (preferred), density or temperature control into a vessel, degassed therein and
fed to residue incineration diluted with methano!.



stripping columm, conducted through an indirect heat exchanger | for the

pur pose OfPFnﬁ?%Bng it (generally a forced-circul ati on heat exchanger
(frequently a forced-circulation 35 tube bundl e heat transferer), frequently
a forced-circulation flash heat exchanger (in nany cases a

forced-circul ation tube bundle flash he2d transferer)) and then

predom nantly conveyed back into the rectification colum in heated form
(appropriately into the botton). The stripping gas is preferably |ikew se
fed to theln thetstramingf caluren, sinrdopyic mgidessimpmsing Thistuee draengerRdflon lisfidishe bot t ons
liquid fr oab®£ﬂagb%u§wrcbﬁmd?@j ﬁ%u%ud&ﬁ'eﬁhati’éﬁé theRBd et 86thk Midhhbilbeat

exchanger uct ed t erature
cont ror 1 ni eV RBEhE Sl b eaitERalayta Rhi o Ee Rty wiF RRH SRR o

di | ut edSwi bhlhm'@-wdary PMP58TBE vmse bailingpoist is inphyeny diffsrantiomdhatedir yl i ¢

aci d- conpr iagty ﬂ@adﬁﬂi XtdipRaind6eriax lidRad | tH ghs AtGheivhicrathstdendRAtSdtYd Genduct ed

T e e
boi | i ng secegma@fyh@éﬁﬁtp@lﬁ@@p@mmwgolla@bem@ 20 difect 8006 Y Im@ﬁgraduc\ep@rent from
that of aeghrybheia d:(ﬂ\de?h'ébd)Uh@lcﬂndé?%afeﬂ‘fdnﬁiéuﬁl sretieminbRgy gfeniicstidrie wWhi ch
cepar atPng PR Y o HATBRE e i GbnBo ?%@*?ﬁ?wsg%y%éﬂfgéﬁ@ﬁn & ool ed
beyond it Byddithdewndoefrey- Arwoalogm ggoledivlasrindigaetiheirerkanggr bondensed. The
condensat e (refasasy b peatPhest @ty o bxapiglby tnatls bf Watel Qs edidaecagdr)f rom t he

chi mey L Fﬁ’%‘ﬁ &Qd%ﬁ% éFe[%Pglgbl}selsycooH o;f(i]du‘?é‘%r dedt éﬁ%' 'ct%‘&@]ﬂed;% fiy. and

wi t hdr awn on 'S cool I'nan exchanger ||
(preferabl ?Uﬁ?oﬁ?&f@hﬁéﬁg pPelyETPaRIEN) a(fhﬂfmer@m#pw Htgh badlghliauist (Whigher as a heat
carrieny absiptifspdisestizagai inhibitesmkdetmason e tagichsativndofupin)ditiect spray

ron bo 1 CF P BBy RRREEL-A A RpLIARSERL ARG LRl i

hi gh boil er ors and stens
fromthe c@ﬁ@@i@aftewwd&awmf@ﬁ}hlwwewq %efO'ted igsogled inpihedndirechhRph frelpb9as | v
suppl i ed td, &fea portibh @hthereeuting mixaneuiforefit driters treoimee esetapged 1,hdr awn f or

Lhis purpo§%¥§@5%g tltetsth nﬁ@?&l%n a% {ef’ﬂ& ifq[]i‘a'Jsggﬁtlahfﬁmgﬁﬁgﬁp&%%tHel and a

portion_of XC anger 1, is
recycl éd i Rhignendraylf fﬁ?ﬁi’ﬁ‘é BCWWOEF@”F’%W%GEB(WFW&WEI fr@%’s‘@ﬁf’f"ﬁlﬂey ERRN at el y
bel ow t he 2@odki renyeed diegtly into theduottomdf tree goddensationkolwomdensat e wi t hdr awn
fromthe chimey tray may also be recycled directly into the bottom of the
condensat i ?_n colum. The gas stream whjich has not been condensed in the

[

spray cool i'A§ 928 SEeEBYNiGhJIRStI9E bealt FonesnsRy IBANG PRIAY AOYRE cBiraPeD Ak
carries t hetr@pmgchmrr&clh@a\abmcsrfomaandbemesthel gupgid acRSviicebad iseenagipppepr i at el y

in aCCQ dageg lé"‘ag;@robﬁﬁagﬁﬁbb%&é Eomg Fgﬁféei%rrt ?oﬁqﬁ@eﬁr@‘{ﬁé er'Ei%c 5t ur e

com ng romt artlia era e, in the

course of {THEU® ‘?Oé‘?i't‘ %Iﬂi‘ g% Reasedrar sy OF'Q%WI (BEF ferably. h@x%’&??dm gi on of
the condersase ofithedirantrcoppmgethersabby renptled mietheadiipm région ahtient of resi dual
?]?Sr VQﬁhffe 8bﬁc?e\ﬁ‘§§tucfrh§;nﬁf?ﬁ‘ﬂﬁ%?§mﬂbt%ln%F@%d%”?'hé SmBOtt o $ESufaPhashhicRPI N9 1S,
leaves the condensation column and is not used for stripping is, if required, recycled
30 partly as inert diluent gas into the heterogeneously catalyzed gas phase partial
oxidation and the remaining amount not usable there is disposed of, for example

incinerated.

The working pressure within the stripping column is regularly above atmospheric

35  pressure. Above the separating internals in the stripping column, working pressures of
from 1.3 to 2 bar are typical. The reflux liguid for the stripping column can in principle
also be generated outside the stripping column. The liguid in the bottom of the stripping
column is preferably in the boiling state. When the heat exchanger | is designed as a
forced-circulation tube bundle flash heat transferer, in contrast to the case of a pure

40 forced-circulation tube bundle heat transferer, it is normally separated from the
stripping column by a throttle device (for example in the simplest case by a perforated
plate; alternatively, a valve is alsc possible). A portion of the acrylic acid-comprising,
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col umm bot {igRediggiy] Mdv¥ the bottoms liquid. In principle, the passage of the bottoms liquid

which has been superheated as described through the throttle device into the stripping

30  column can aiso be effected above the liquid level of the stripping column bottoms and
not directed into it. Under these conditions, the temperature of the liquid stripping
column bottoms is regularly below the boiling temperature Ty which accompanies the
pressure Py existing (immediately) above the bottoms liquid. It is essential that the
boiling evaporation of the tube bundie heat transferer mounted outside the stripping

35 column does not occur until within the stripping column, i.e. ouiside the forced-
circulation tube bundie heat transferer. The throttling can, as already mentioned, be
effected mechanically (diaphragms, valves) and/or hydrostatically (by an appropriately
high liquid column above the passage point of the superheated “bottoms liguid”). The
temperature in the bottom of the stripping column wili typically be from 150 to 180°C,

40  frequently from 160 to 170°C. The temperature on leaving the forced-circulation tube
bundle heat transferer is generally at least 5°C above the bottom withdrawal
temperature. The chimney tray in the stripping column is advantageously one which



corresponds to the boiling tenperature Tx corresponding to the pressure P.
existing (imrediately) above the bottons liquid. In principle, the passage
of the bottrgmsgAzsqui d whi ch has been superheated as described through the
throttle device into the stripping 30 colum can al so be effected above the
liquid | evel of the stripping colum bottons and not directed into it.
Under these conditions, the tenperature2df the liquid stripping colum
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stripping colum in substance or, for exanple, also 20 dissolved in crude

acrylic acid wthdrawn via the side draw fromthe condensation colum.
Pr ef er ence Ansthgr (aason fordee ad\patngs aftheinyendive aoliue Gampoupds isdBet taey atei ons

whi ch either already ionic compounds or those compounds which are capable of forming ionic
compounds with acrylic acid and/or methacrylic acid. Another reason for the advantage
30  of ionic compounds is that they have an elevated boiling point and are therefore
capable of accompanying thermal separating processes in particular in a particularly
trouble-free manner,

It will be appreciated that the active compounds to be added in accordance with the

35 invention can also be added to the liquid mixtures which comprise at least one
(meth)acrylic monomer and are to be heated in accordance with the invention together
with the other antifouling agents already recommended in the prior art (especially a
surfactant, for example one according to EP-A 1062 197). Useful such surfactants also
include those of US-A 3,271,296 and of GB patent 922 831.

40
Finally, it should be noted that pure acrylic acid which has been produced by the
processes according to documents WO 2004/035514, DE-A 103 327 58,



are highly concentrated in the active conpound. A typical use anount of
inventive paoig7ds conpound in the above-described indirect heat transfer
problemis from0.5to 1 %by wight (but fromO0.1 to 10% by wei ght are

al so possible), based on the amobunt 25 of bottons |iquid conducted into the
forced-circulation tube bundle flash hed® transferer. Another reason for

the advant ages qho 486 26 RS A8b1aHA ROARGUAGS 47 Snlshil %%?‘Z gzgce? Ogither
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whi ch has een produce processes ‘accordi ng to documents WO

2004/ 035514, DE-A 103 327 58, PF 58735 23 DE-A 102 436 25, WD 2000/ 53560
and DE- A 102pa?ﬁ®|ar7trwmie$myiriventin:fnfooasrp:aziseameafollqmemmmb@dimienecacceudingdper ation
can be wor kednhtdgain in a sinple manner by feeding it to the
above-described stripping colum together with high boiler liquid which is
to be stripped and has been withdrawn fromthe condensati on colum. The
acryliéSacild SAguaiass derdtangfesingdidab tb a bauihedduneicopipnigingel igastane this way is

stripped out imétARy cﬁﬁ@%onﬁﬁ{éﬁﬁﬁth% élb%féﬁfrﬁéi'irb& Haat &d% RhidHisB&eRi gh
boiler liquid and 1s i n as whi ch

C n
has been wit hd Q\thcf'rb'fﬁ ‘%Irﬁ'éa@tspz |‘hI &Oih%?:'rﬁa”'sha“‘i‘ Q| ?%18%99” trylic acid
(and, if appr oplmttbtta@e)ousmlwthhéqtb@mucimeotfomnmln@@hw@ﬁ‘sma (meth)@orlymm (or into

the direct coolioRgmef, v&Hé@elml'Q;dléﬁId @Rfr&tdhpRgnPht 1EAR oBalhkdbacpicdat i on) and

10 hen into the process ecover i In particular,
the prélent i nehPRGhCatme oL BSSTRE A RaRtl lipbubisiet Mactor ting 1o ¢ he
i nvention: 15 {meth)asryieawnofmers frerakd grnoup@gns\%tmg of terbary imqunes, Megallse
conprising at fRashfepeta te@t@ﬁ Bon@d Atld £ BrevRRIERIcidMah8 gliS@rri arﬂhoﬂﬁhm ndi r ect

carrior - and°oncf Peihdsouin Y vt ba e b ety B b il e o
conprising at ﬂ@&?tméh%at([ﬁ%&t pNe8eiMei @MPPURG hears a\m@néhgﬁowm@l |5t tag@stl mi xture
conpri ggng at k&Asbea R Id4¥EbAg akyNdrdb@p. 20 nononmer conprises at | east one

added active conmpound ot her than
2. Aprocess according to embodiment 1, wherein the at least one (meth)acrylic
monomer is acrylic acid and/or methacrylic acid.

30 3.  Aprocess according to embodiment 1, wherein the at ieast one (meth)acrylic
monomer is at least one monomer from the group consisting of hydroxyethyl
acrylate, hydroxyethyl methacrylate, hydroxypropyi acrylate, hydroxypropyl
methacrylate, glycidyl acrylate, glycidyl methacrylate, methyl acrylate, methyl
methacrylate, n-butyl acrylate, isobutyl acrylate, isobutyl methacrylate, n-butyl

35 methacrylate, tert-butyl acrylate, tert-butyl methacrylate, ethyl acrylate, ethyl
methacrylate, 2-ethylhexy! acrylate and 2-ethylhexyl methacrylate.

4, A process according to any of embodiments 1 to 3, wherein the at least one
active compound is a tertiary amine of the general formula
40



(meth)acrylic nononers fromthe group consisting of tertiary am nes, the
salts forppdkgmgma tertiary amne and a Bronsted acid, and quaternary
anmoni um conpounds, with the proviso that none of the tertiary and
guaternary nitrogen atons in the at |east one active conpound bears a
phenyl group but at |east 25 sone bear2ét |east one al kyl group. 2. A
process accordipg.d o0 enbodi ment 1, wherein the at |east one (neth)acrylic

nononmer i s acr%wl czaci d 3and/or net hacrél ic acid, 30 3. A rEqrﬁ%cess agcordi ng
to enbodi ment R' e R ¢ AES each iRdrpenaertly@naty grqupryhich giert P8 at | east
one nononer from the groupcamosiaginngr ah atkyidgroxy ehiehlhas fromy1 &t & carbon
methactyl ate, gl yei vl act gl e WA oG Py REh SR SB¥pleced.

met hyl gmst hacryl ate, n- bugs‘?la% ?@?Sﬂ’étoé?% %rBHEﬁ%ﬁHaﬂ‘ﬁi‘H ‘é“{"réE;H% %’5‘0%{[@{"3%

met hacryl ate, n-butyl 35 netdfacthelcatimn dhairtis buerpiptedalibagteonce by enbut yl

met hacryl ate, ethyl acryl apeygettfiyh, o)y §blp whicBim¥lRexylo gcryl ate and
2- et hyl hexyl nethacrylate. 4. A Froces .gﬁ_ﬁ%rdl ng to %]?’é of %(Tbodl ments 1 to
3, wherein the at |east on&3rPRRERME Q’fﬁﬁ P q PEPTYRIRPEARNES B t he
general formula 40 R - N- R3refREeRbyE8 k351 @7k ofthe peuRt -OHRNHARYHES!: aade each
i ndepengent |y an al kyl grOUN(M)ééhd?@rﬁhé BRI 2altRn&haihds PRmAt R e an

al kyl group which has from1 t carbon, atons and in which one or nore
hydrogen atons are repl ace§N& BY2APXYIERAEne of the groups - OH, - NH2,
-NHCH3 and -N(CH3)2 and/or the carbon chain is interrupted at |east once by
an oxygen at omgr ithe 8al ¥ R8I teHiat) SHPcWAL GBroASiche@ 1 to 8 carbon atons
and in which one or nore hydrogen ‘atons are replaced by at | east one of the
groups -OH, -NH2, -NHCH3 and 10 -N(CH3)2 and/or the cyclic carbon chain is

i nterrdpt e@ at Amragass ageedingylo any oksrgeedimenta? 1o, wserehethe & teasfonsuch a

terti ary am ne gk @onﬁS&ﬂﬁﬁ@Q dagltive &P1 ,5-diﬁo@@ﬁ§§ Seﬂ%QﬁQbﬁ@nﬁrﬁ)tmmeOf
enbodi nents 1 t ein 60“ ve oun

3, wh he. . I . d
Gerivative of TVFOREAOBIE (itpeth Gaps T2ESYRoRas P FRERAPY PR BrRgen on
t he nitrogen i R‘thagingfigosi ta daarthan alssemandien the adroggn ahthal i3 tiagele iptheR4

having from 1 tapditearHasheah akglaRidlity arl AIRyIyréupoRERaAg fidie 1o 8-cdtsmol € in
t he 32805' ti O%té}ﬂﬁ been al kylated with an al kyl group R5 having from1l to 8

carbon® 20 at ons.

6.  Aprocess according to any of embodiments’ 1 to 3, wherein the at least one
active compound is the salt of a quaternary ammonium ion, where the quaternary
ammonium ion is one of the general formula

25
~ 0
Rz-—lL—R3
|,
where
30 R", RZ and R* are each independently, and independently of R$, an alkyl

group which has from 1 to 8 carbon atoms, or an alkyl group
which has from 1 to 8 carbon atoms and in which one or more
hydrogen atoms are replaced by at least one of the groups —
OH, -NHa,, -NHCH3 and -N(CHa); and/or the carbon chain is
35 interrupted at least once by an oxygen atom, or a cycloalkyl
group which has from 1 to 8 carbon atoms, or a cycloalkyl
group which has from 1 to 8 carbon atoms and in which one or



6.. A process according to any of enbodinents' 1 to 3, wherein the at | east
one activepcsgmgund is the salt of a quaternary amoni umion, where the
guaternary amoniumion is one of the general formula 25 RL O 2- N-R3. R
R6 where 30 RI', R2' and R3' are each independently, and independently of
R6, an al kyl group which has from 1l to28 carbon atons, or an al kyl group

which has from1l to 8 car b%ré%?@g@gto% é@@ir%kc%gmg;t |é_5%£@%&§ﬂ%ogen at ons

are replaced by at |east one 0 roups - ! , - -N(CH3) 2
and/ or the carbon chain isprﬁnpéf,rfgﬁt,eﬁi"@ﬁ?’?@ﬁsN(%ﬁéaWOVéﬁeGX%}'Qen at om
or a cycloal kyl group whi chrbdashintsnnlertuptedl atdgdsoonad ion@n oxigea atyrel oal Kyl
group which has from1l to §.garbon atons and in which one or PF 58735 25
nore hydrogen atons are repPaced b){ at I1*eas,t one of the roups, - OH, - NH2,
-NHCH3™ and - N( &8) 2 and/ or Mdeeerdaiity of RCaRhaRd Baisan aky! gl idytngdon | east
once by an oxygen atom arldo3 dafhon aidependently of R', R2* and R3', is an
al kyl group having from 1 to 8 carbon atons. 7. A process according to any
of enbodinents 1 to 6, wherein the nplar mass of. the at | east one active
conpound i ¢+ <_AGUBRFS aEEOrEINGAC P PERTBLRRITERIEi g & WharRn Be MeRoBRtRtfts 1 to
7, wherein the the gueastngtactivee cargpqunddes 68t gaddi tion of from 0.01 to 10% by
wei ght 4gf its weight of the at |least one active conpound. 15 9. A process

according to any of enbodiments 1 to 8, wherein_the liquid mxture
conprises 0. &Brﬁ‘&eﬁﬁé%%ﬂm@fm % Oé\%rf‘ﬁ?ﬂ'mﬁ'f‘tsﬂt{@ TaY"ﬁP@é{g*y‘egﬂ@d(WﬁFFB acrylic
nmononer. 20 10.coAppisecarsadditaoofdiony006 tand%dly verifiddif irenweighflofttbe 81 leabter ei n
the tenperatur gnddlive Wihsdunkihe |iquid mxture |eaves the indirect heat
exchanger is from50 to 350C. 11. A process according to any of enbodi nents
1 to 10, wherein the indirect heat 25 exchanger is a tube bundl e heat

t ransf dber 9. 12 A ghoprsscesgrdingdoady nfembodimgntsfi teBhotiermimths liquiionitture wher ei n

the fluid heat Gaprk&d > 0.5% by weight of its weight of the at least one (meth)acrylic
monomer.

20 10. A process according to any of embodiments 1 to 9, wherein the temperature with
which the liquid mixture leaves the indirect heat exchanger is from 50 to 350°C.

11. A process according to any of embodiments 1 to 10, wherein the indirect heat
25 exchanger is a tube bundle heat transferer.

12. A process according to any of embodiments 1 to 11, wherein the fluid heat carrier
is steam.

30 13. A process according to any of embodiments 1 to 12, wherein the liquid mixture
has been withdrawn from the bottom of a separating column comprising
separating internals, intc which, in a thermal separating process, at least one
stream comprising at least one (meth)acrylic monomer is fed and at least one
stream which differs therefrom and comprises at least one (meth)acrylic

35 monomer is withdrawn,

14. A process according to embodiment 13, wherein the liquid mixture, after leaving
the indirect heat exchanger, is recycled into the separating column.

40 15. A process according to embodiment 13 or 14, wherein the at least one stream fed
in is the acrylic acid-comprising bottom product of a fractional condensation of the
product gas mixture of a heterogeneously catalyzed gas phase partial oxidation



is steam 30 13. A process according to any of enbodinents 1 to 12, wherein
the liquidprggrage has been withdrawn fromthe bottomof a separating
colum conprising separating internals, into which, in a thermal separating
process, at |east one stream conpri si ng at | east one (neth)acrylic nononer
is fed and at | east one stream which déffers therefromand conprises at

| east_one (1Bt ) AL ¥ldctireBpcRIARI0 1M LT BondehsatdrPidiffigaragrer ding Lo
enbodi mrent 13, wherein the |02U| d m xture, a})tr%r Ie['.aw J%% th}%'@gﬁea heat
exchanger, is fEEPel BR2{340g Pr SS%EHP&?QY'PHB@J(?Y AFYIG G5O |

accordi ng to eptzgdctrent 13 or 14, wherein the at | east one streamfed inis
the acrylic acid-conprising bottom product of a fractional condensation of
the produ as mxture of. a heterogeneously catal yzed gas phase parti al
oxi dat i 8n gﬁa%§%§”§§°m8?ragvﬁx%?@%r sor compound to acrylic acid in a
condensation colum, and the thermal separating process is the stripping of
the acryli ¢opfathtive @¥ampblest bottom product. 5 Exanples and conparative
exanpl es Conparative exanple 1 An acrylic acid-conprising product gas

m xture was withdrawn froma two-stage 10 heterogeneously catal yzed

gas- phase pwracndl aeidiapanrising grogucbgsd mixéure wagovitpdrayvrdednd 2 taprgtageure acrylic
aCIb d w?,a Ohbt@'r?&ﬁeé?slsdéétiélwé@@’al é-ﬁhd@@'pétrﬁb@@ﬁagtﬁﬁ Apebpend A9 4LORDEI4, ar!@%

subj ecting i 0 .a fractignal condensation ru [

ot Chr awnophie M@ i ehed 7 SERTEEN B BF?ﬂRﬂ?@?E@ﬁaﬂEf?ééf‘i/h@%

af or ement i oHedbigetingttptasiractions gordgnsaten, ot thmerudle goiytc with@rewarviaw from
th? bot t 0{“5@1% drﬁ\ﬁrﬁé@'bﬁﬁié%%c} MHhér’(;Oadé@MH' h@ to@ﬁ@ﬂf@ﬂo@h@n&i@hé@%dﬂ:ﬁwe@wt gn:ts and
a tenpera : referred to _herei as ondensation bottons
gt ey - 25608090 ol (SR Bl iSRS bl B EBEFIRRINTE 201 47 20
0. 88 %lby welumgrangdiagitne tooyinaeptents angra fesmeraiurgcfd 098° @ piefasiedie. of

f or mal dehy dhereinditePis %obieatio®botthiDligid?): 0. 02 % by wt. of propionic acid,

25 0.24 % by w. of furfurals, 12 ppmby w. of ally) acrylate, 1 ppm by
w. of allyl formate, 0.26 by wt. of benzal dehyde, 6.27 ppmby wt. of

mal ei ¢ anhydri de,
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. m
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% by wt. of
% by wt. of
% by wt. of
% by wt. of
% by wt. of
ppm by wt. of

acrylic acid,

acetic acid,

water,

formic acid,
formaldehyde,
acrolein,

propionic acid,
furfurals,

allyl acrylate,

allyl formate,
benzaldehyde,
maleic anhydride,
benzoic acid,
phthalic anhydride,
diacrylic acid

poly(> 2)acrylic acid
phenothiazine,
monomethyl ether of hydroquinone (MEHQ),
other high-boiling constituents, and
molecular oxygen.

} Michael adduct,

A first portion of 1600 kg/h of the aforementioned withdrawn bottoms liquid was fed into
the lower portion of a stripping column (material of manufacture = DIN 1.4571 stainiess
steel) which comprised 50 dual-flow trays (trickle sieve trays) as separating internals.
The internal diameter of the stripping column aver all dual-flow trays was a uniform



30 0.74 ppmby w. of benzoic acid, 0.97 ppmby w. of phthalic anhydride,
20. 22 % by pptsg7@g diacrylic acid 24.14 %by w. of poly(> 2)acrylic acid
M chael adduct, 0.20 %by w. of phenothiazine, 35 0.66 % by wt. of
nononet hyl ether of hydroqui none (MEHQ, 2.84 %by w. of other

hi gh-boi | i ng constituents, and 2 ppm by2it . of nol ecul ar oxygen. A first

porti on of ;4@orﬁgeam%wttg%gje%mrgeacaa%@lsww LRI phh il v T ed
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di stri but e@v@adirernd eIk er the circunference of the colum (angle
encl osed by two adjacent tubes = 60). At a distance of 500 mm fromthe
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The sixth tube had a length of 800 mm reaching from the inner wall of the column
radially into the column interior. At a distance of 500 mm from the inner wall of the
column, it had a circular nozzle orifice which pointed downward with an internal

30 diameter of likewise 2.5 inches. At the end of the length, this tube had an additional
circular nozzle orifice with an internal diameter of 1% inches. The central beam of the
accompanying spray cone had a vector component directed upward and enclosed an
angle of 15° with the vertical fo the column cross section. The six tubes were supplied
with the liquid for the direct cooling of the gas comprising acrylic acid stripped free,

35  which flowed through the chimney tray, via a ring line which was mounted outside the
column and to which the six tubes were attached, and this liquid was sprayed into the
column interior. The direct cooling formed condensate which consists predominantly of
acrylic acid and was collected on the chimney tray. The length of the stripping column
in total (from its lower end up to its upper gas outlet) was 35 260 mm.

40
The feed of the 1600 kg/h of bottoms liquid withdrawn from the condensation column
was at the eighth (8th) dual-flow tray from the bottom.



radially into the colum interior. At a distance of 500 nmfromthe inner
wal I of thepggghkym, it had a circular nozzle orifice which pointed downward
with an internal 30 dianmeter of |likewise 2.5 inches. At the end of the

| ength, this tube had an additional <circular nozzle orifice with an
internal dianeter of 1'% inches. The ce®d@ral beam of the acconpanying spray
cone had a vector conponent directed upward and encl osed an angle of 15
with the vertical to col.urm cross sectjon. The six tubes were supplied
with the | PBPESkeh of H@“Qﬂ“? dg4id, dﬁtﬂS?ﬁii“mraturﬁ%waaéﬁ%&W%WH@‘?‘@WW% aci d
stripped f treehotidh witthe birippioged utrinr aughadithe falbwingepntents/(referred o ri ng | i ne

whi ch was w’ﬁ aft@ and to which the six tubes were
attached an |SQ%J ﬁﬁ»&mgtgtogﬁggygg into the colum interior. The direct
cool i ng for med condensate whi ch consi sts predom nantly of acrylic acid and
was col |l ected on the chi3Bne¥% tyraly of Theadrdicgdcid, of the stripping colum in
total (fromits | ower u uppek outlet) was 35 260 nmm 40 The
feed of the 1600 kg/h gtttbgbo%t%pM Ej\Sqw d V\Inctgtefgram fromthe condensation
colum was at the eight'f (é’tt?'?)W‘dEi%al Y& tray fromthe bottom PF 58735 28
569 979 kg/h of botton8 |iqpprdbywhosfe foemipexcit ure was 160C, were withdrawn
from e bottom of theystr i cgl u d had the foll ow ng contents
(refertrﬂgd to herei nafgO b'ﬂﬁb ?\lltptgl nwglg{hfoms liquid'): 5 1.38 %by w. of
acrylic acid, 0.02 % § thpf'B Y3t cPRRICAIC 3K 18 96 by wt. of water, 9 ppm
by wt. of fornic aci d, 0.900 Bbyphoby wurfuds,acrol ein, 15 ppm by wt. of
propionic acid, 0.90 foby ¥hm bgfwtf(l,frfétryaéé-y;a@ ppm by wt. of allyl acrylate,
1 ppmby wt. of allyl forrrat b § 310(,FP 1% of benzal dehyde, 27.92 %
by wt. of naleic anhyd?ide, pr§ ¥ MoBhy At OB henzoi ¢ acid, 4. 40 %by wt . of

pht hal i1 anhydride, 26.187 pprbypywrt. ofofbenzatdnetzydec acid 20 16.99 % by wt. of
pol y(>2) acrylic acid Mtzhaet, deygt ,Qa@% a%h driced, . of phenot hi azine, 2.99 %
by wt. of MEHQ 12.91 %/ t}y Wbywt Pt ebenzo%acrco' | ing constituents, and
440 % by wt. of phthalic anhydride,
26.87 % by wt. of diacrylic acid .
20 16.99 %bywt of  poly(>2)acrylic acid } Michael adduct,

0.92 % by wt. of phencthiazine,
2.99 % by wt. of MEHQ,
12.91 % by wi. of other high-boiling constituents, and
1 ppm by wt. of molecular oxygen.
25
By means of a pump {with double-action slip ring seal according to DE-A 10228859,
using a water/glycol mixture as the working fiuid), the stripping bottoms liquid
withdrawn was pumped into a three-flow tube bundle heat transferer, through whose
tubes it flowed (secondary side). The outer tube diameter was 38 mm; the wall
30  thickness of the tubes was 2 mm. The length of the tubes was 4800 mm and the total
number of tubes was 234 (in each case 78 tubes for one flow direction). The tube pitch
was 48 mm (30° pitch). The cylindrical space surrounding the heat fransferer tubes
{primary side) was divided into 10 longitudinal sections (segments) by 2 deflecting
disks (disk thickness: in each case 5 mm) mounted between the tube plates (in which
35 the exchanger tubes were secured). All § deflecting disks were in principle circular. The
circle diameter was 859 mm. On each of the circular deflecting disks, however, a half-
moon-shaped circle segment had been cut out, whose surface area was 35.8% of the
total area, so as to form a corresponding passage for the steam, and these passages
were mounted in alternate and opposite succession (otherwise, the deflecting plates
40  were secured with sealing on the vessel wall; where heat transferer tubes met the
deflecting plates were corresponding drillholes in the deflecting plates). 1600 kg/h of
steam, whose temperature at the inlet was 212°C and whose inlet pressure was
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reentry of hatiéhérielidveidg somtepipi ng bottons |iquid was designed as a coaxi al
doubl e tube drawn into the mddle of the 15 stripping colum cross section,
where it pointed curvin ward foward the |Jevel of the bottons liquid
and ended just above tﬂgs YWt Ofrhe UWEAFERt ed bottons liquid was
conductéd in the outerOﬂDng%(ﬁyWhefcoaa(c%badldubl e tube; in the center of the
coaxi al double tube, thg sty 5m B gagaps sinultaneously netered in. This

was residual gas withdrawn fr & top of tdhe condensati on col unm, which
had been conpressed ppm th of formic acl

0.17 % by wt. of acrolein,
3 ppm by wt. of  propionic acid,
30 2 ppm by wt. of furfurals,
13 ppm by wt. of  allyl formate,
472 % by wt. of malecular oxygen,
211 % by wt. of carbon dioxide,
0.69 % by wt. of carbon monoxide,
35 0.65 % by wt. of propane,
0.32 % by wt. of propylene, and
87.90 % by wt. of molecular nitrogen.
147 877.1 kg/h of condensate were withdrawn from the collecting tray (chimney tray)
and had a temperature of 65°C.
40
The remaining portion of 2600 kg/h of condensation bottoms liquid withdrawn from the
condensation column, which amounted to 1000 kg/h, was combined with the



20 (together with cycle gas) to a working pressure of 2.9 bar (with the aid
of a nultieFage3sradi al conpressor) and had a tenperature of 160C Its
anount was 28 869.9 kg/h. It had the following contents: 0.28 % by w. of
acrylic acid, 25 0.10 %by w. of acetic acid, 3.06 %by w. of water, 62
ppmby wt. of formic acid, 0.17 %by w® of acrolein, 3 ppmby wt. of
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0.32 % by ®ippivg cplppaserBux ligndi by goe t%lrbyew\hray &t mqveém Hppatimosbeeatr. 147
877.1 kgl hnef trepndensate were withdrawn fromthe collecting tray (chi mey
tray) nd had a tenperature of 65C. 40 The remaining portion of 2600 kg/h
of condensation bottons liquid withdrawn fromthe condensation colum,
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recycl t0g, dandiertof tHatubs whael3e. 7desi giiede deraalchdrhétaroltie Gibeckas 25 mpunt ed
centered and horizontally in the colum, i.e. parallel to the colum cross
section) was disposed 770 mm above the uppernost dual -fl ow tray, and the
reflux |idbed S\W%'tqf d¢perdpsigned Thelrquiar é‘?"ﬁhﬂ‘addﬂa*h%‘? erifices whese Mg RE was 1870
mm The extantatdr widd Edm&mﬁvery wlcotd erificelvemsvirec2d td thenraleckiddef thatRifialy

di anet er E'a%tﬁ' Corkithas W:th r%h?x Ifa'uﬁit ﬁ'b@lﬂé:ﬂ{al tett”%mqgé Eﬁ?&%dlf‘bf%é cul ar

formhad 2 e orl |ce i second

ori fi cé>waSifesPRtRA FiGntangl Eh‘?fcﬁ?r sepdveio hRaedRpiiA e calyray CT‘%%Séﬁaté%”)t o keep
it noi st whalhdowedfward ihto the ehiddEnef toendioah apdthaff downwarel tagheecoilrah fvatif t he 15
orifices pointed at an angle of 45 (relative to the vertical to the colum

Cross section hal f downward intqg th of the c and hal f
downwar d t 8" #¢ioRs PRy s GlgHnference of the ngtmDUtOI‘ tubein cwcular?ormrmhree prec?sion
jet tubes (length = 200 mm, external diameter = 6 mm, internal diameter = 4 mm) were

20  mounted in uniform distribution {(enclosing an angle of 120°) and pointing radially
outward. The outlet from the precision jet tubes was directed toward ball valves through
which washing liquid could be fed to the column. The reflux liquid was fed to the
separating portion via the hole orifices and the jet tubes.

25 It had the following contents:

89.25 % by wt. of  acrylic acid,
0.72 % by wt. of acetic acid,
543 % bywt. of water,
30 0.02 % by wt. of formic acid,
0.04 % by wt. of acrolein,
0.03 % by wt. of  propionic acid,
0.06 % by wt. of furfurals,
7 ppm by wt. of allyl acrylate,
35 23  ppm by wt. of allyl formate,
0.03 % by wt. of benzaldehyde,
0.63 % by wt. of maleic anhydride,
0.06 % bywt. of benzoic acid,
0.07 % by wt. of phthalic anhydride,
40 154 %bywtof diacrylicacid |
1.83 % by wt. of  polyacrylic acid
0.02 % bywt. of phenothiazine,

Michael adducts,



In addition, on the circunference of the distributor tube in circular form
three precpsiggrasj et tubes (length = 200 nm external dianeter = 6 mm
internal diameter = 4 mm were 20 nmounted in uniformdistribution

(encl osing an angle of 120) and pointing radially outward. The outlet from
the precision jet tubes was directed t rd ball valves through which
washi ng lI'iquid could bggbked, bypwt e cmlgpmjp The refl ux I|qU| d was fed to the
separating portion V|a %he hol e ol |f| es. 25 It had the

fol | owi ng contents: 8935 %W W f|1'§'rl7 g8' "&%?JH'S 'tuﬁn 2 %by w. of acetic
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formate; 0.03 % by wt. of benzal dehyde, 0.63 %by wt. of maleic anhydride,
0.06 % by Whe respainienAap 703 6ike/h o the li@gidpixiere hevingtt tREPEENARIY) B0 Cwere 40 1.54
% by wt. otostieaidithiotgaeispirdl (3t #adhgnyér.cooledipl cpanteydurent aiitl waidd @hee
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32C. For the purpose of the direct cooling of the acryl ic acid-|aden

stripping gatheasg efitie mghum, 80699OINgmbftdmmugbldtiétmmimsm@/gé@wéneay t he total

t of I | th
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of thelgol W'”EO’OE@@"SO kg/h of acrylic acid-laden stripping gas were
conducted out, which had2a%besswfe cicrniic@cidar and a tenperature of 60C and

the 15 foll OWi ng contgRySky, by wt. of  acetic acid,

293 % bywt of water,
66  ppm by wt. of formic acid,

20 1 ppm by wt. of formaldehyde,
0.16 % bywt. of  acrolein,
22  ppm by wt. of propionic acid,
36  ppm by wt. of furfurals,
1 ppm by wt. of allyl acrylate,

25 12 ppm by wt. of allyt formate,
10  ppm by wi. of benzaldehyde,
0.01 %bywt of maleic anhydride,
441 % bywt. of  molecular oxygen,
1.98 % bywt. of carbon dioxide,

30 0.65 % bywt.of carbon monoxide,
0.60 % bywt.of propane,
0.29 % bywt. of  propylene, and
82.13 % by wt. of  molecular nitrogen.

It was recycled in its entirety (not immersed) into the bottom region of the condensation
35 column.

After an operating time of 4 days, the above-described operation had to be stopped

owing to the extent of fouling which occurred in the tubes of the tube bundle heat

transferer, in order to clean the heat transferer tubes to free them of the solid deposits
40 ontheir inner surface.



6.72 % by wt. of acrylic acid, 0.11 %by wt. of acetic acid, 2.93 %by w.
of water, f6 ggpgsby w. of formc acid, 20 1 ppmby wt. of fornmal dehyde,
0.16 % by wt. of acrolein, 22 ppmby w. of propionic acid, 36 ppmby w.
of furfurals, 1 ppmby w. of allyl acrylate, 25 12 ppmby wt. of allyl
formate, 10 ppm by wt. of benzal dehyde32 0.01 % by wt. of maleic anhydride,
4.41 % by WompafatUBke&HhRR Oxygen, 1.98 % by wt. of carbon dioxide, 30 0.65
% by wt. of carbon nonoxide, 0.60 %by w. of propane, 0.29 % by w. of
propyl ene, and 82.13 % by wt. of nolecular nitrogen. It was recycled inits
entirety (mhbe fiishpemped)vd exaoidead otpeetadrexgerihatfthe bldppioadeteas liowid 35

col um. Af {Rhdralvn 9RET Gkistppiig R Iin dorfigked, bdtRdapanardlgRclkbgdvagercat i on had
to be s opgﬁ% Qud n&g,&rft he{\@(&?nt of fouling which occurred in the tubes of
the tubd bANHERHBA TS UNGAlY)or der to clean the heat transferer
tubes to free themof the solid deposits 40 on their inner surface. PF

58735 32 ChRRAbWEd IR dperEtiPL &inme t&?%_ﬂrélbr?edq.@fmdfa@&.i ve exanpl e was repeated
except that the stripping bottons |iqui wi t hdrawn fromthe stripping

colum conprised, based on its weight, 1 %by weight of 5 added Konmad(r)
313 from MePMPRRiYaeydMPIFRP s al | owed the operating time to be prolonged to
13 daysg Conparative exanple 3 10 The first conparative exanple is

r epeat ed, he i, PRI to L quid. . \W. t he

Str pptng OF (nhbph el BB X8 AW Srlb BRI IR 12
propyl ene withérewaiitom BrstrippingcIngt koppispreased o) WRYHB6(EOy weightofy = g]
accordi ng &A abfedprbpPére dRde/cthylehbiosidalbicewolyher (EENAPORGEC) TR + P=I3¢
prolonged 0. }14,g8/Ep-a FYEEREF |

15 This allows the operating time to be prolonged to 14 days.
Example 1
The first comparative example is repeated, except that the stripping bottoms liquid

20  withdrawn from the stripping column comprises, based on its weight, 1% by weight of
the added active compound pentamethyldiethylenetriamine:

25  This allows the operating time to be prolonged to 29 days.
Example 2

Like the first example, except that the active compound is N,N,N',N’-tetramethyl-1,3-
30 propanediamine:

The operating time can be prolonged to 29 days.
35



The first conparative exanple is repeated, except that the stripping bottons
liquid 20 pFEREsmWN from the stripping colum conprises, based on its
weight, 1 % by weight of the added active conpound
pent amet hyl di et hyl enetriamne: CH3 3 H2 H2 3 HC11 N'C'CCH 3C H2 H2 3 CH3
25 This allows the operating tine to be3%rol onged to 29 days. Exanple 2
Li ke the fEgghpigxanpl e, except that the active conpound is
N,NNN,N -tetranethyl -1, 3- 30 propanediamne: H3 HCH3 2z HCCCCH 3 H2 H2 3
The operating time can be prolonged to 29 days. 35 PF 58735 33 Exanple 3
Li ke t he flikgtheditsimgriamplesgreqpt thah tite adtiee agmpendos trigtfutaining: tri et hyl am ne:
H 2 QO /O CHNCHs 3 15 HZ\CH3 The operating tinme can be prol onged
to 28 days. Exanple 4 10 Like theqfi rsH, exanpl e, except that the active
conpound is N-ethyl-N, N diisopropyclzanj,og\: CH3 CH3 CH HNHCH3 3 1 /CH
CH3 15 The operating tinme can b@HE)r aﬂld)ngedll-tgo 28 days. Exanmple 5

H,C.

5 CH,

The operating time can be prolonged {o 28 days.

Exampie 4
10
Like the first example, except that the active compound is N-ethyl-N,N-
diisopropylamine:
G G
C C
P, AN
cH, N R CH,
/CHZ
CH,
15

The operating time can be prolonged to 28 days.
Example 5

20  Like the first example, except that the active compound is N,N,N’,N’-tetramethy!-
hexanediamine:

25  The operating time can be prolonged to 27 days.

Example 6

Like the first example, except that the active compound is bis(2-dimethylaminoethyf)
30 ether



20 Li ke the first exanple, except that the active conpound is

N, N, N, N - ret5anset hyl - hexanediamine: CH 3 H2 H2 H2 ~N~Ci Cl - Ci C'C C-N'CHS
CH3 H2 H2 H2 CH3 25 The operating time can be prolonged to 27 days. Exanple
6 Like the first exanple, except that the active conpound is

bi s(2-di net hyl am noethyl) 30 ether: PF3468735 34 CHCH3 H2 H2 1 3 CH3 Q0
CCH3 H2 H2 The operating ti méhgan be pyol orfi%ﬁad to 27 days. 5 Exanple 7

Li ke the first exanple, except .that.the ti conmpound i s

1-met hyl i mi dazole: CH3 Né—lH’Y\ \ld/ﬂ\ - Nc-10~dhe operating tine can be
prol onged to 26 days. Exanpl’*e 8 H5 Li ke tHe fi r st exanpl e, except that the
active conpound is N, N-di net hyl cycl ohexyl - am ne. The operating tinme can be
prol onged to 25 days. Exanple 9 20 Like the first exanple, except that the
active conpoageiaing 8nesap PR Prelatassitod’ ddyet ate. The operating time can be
prol onged to 29 days. Exanple 10 25 Like the first exanple, except that the
active QOW@EH@ i-,s 1l-ethyl -3-nmethylimdazolium acrylate. The operating tinme
can be prolong d to 29 days. Exanple 11 30 Like the first exanple, except
that the active conpound is 1-ethyl-3-nmethylimdazolium acetate. The
operati ng ULikeghe ant beanmle|axpgsdhdtehe Sctivaysmpbyadrl eméthylimidazole:

ik
N

e cH
A/
HGC—N

10
The operating time can be prolonged to 26 days.

Example 8

15  Like the first example, except that the active compound is N,N-dimethylcyclohexyl-
amine. The operating time can be prolonged to 25 days.

Example 9

20  Like the first example, except that the active compound is tetramethylammonium
acetate. The operating time can be prolonged to 29 days.

Example 10

25  Like the first example, except that the active compound is 1-ethyl-3-methylimidazolium
acrylate. The operating time can be prolonged to 29 days.

Example 11

30 Like the first example, except that the active compound is 1-ethyi-3-methylimidazolium
acetate. The operating time can be prolonged to 29 days.

Example 12

35 Like the first example, except that the active compound is 1-butyl-3-methylimidazolium
acetate. The operating time can be prolonged to 28 days.



35 Like the first exanple, except that the active conpound is

1- butyl - 3- petdayksm dazol i um acetate. The operating time can be prolonged to
28 days. PF 58735 35 Exanple 13 Like the first exanple, except that the
active compound is tetranethyl ammoni um hydroxi de. The operating tine can be
prol onged to 28 days. 5 Exanple 14 Like3dhe first exanple, except that the
active conpQyndii s tetramet hyl ammoni um chloride. The operating tinme can be
prol onged to 27 days. 10 Exanple 15 Like the first exanple, except that the
active compound is 1-ethyl-3-methylimdazolium chloride. The operating tine
can be proladedfitsbex@npia\excerdt Shabtanaitiee témbola ik haranetstlamrenple, except
that the shjdBRUBITHOSJPMg tinttdh 11 SB10RGEPI) BL§ay@n added 0. 3% by wei ght of
Komad( I’%I n addition to the pentanethyl di ethylenetriamne. This 20 all ows the
operating tine to be prolonged to 34 days. The inventive procedure ensures
an increasédampeced-time yield of acrylic acid renoved. 25 US Provi sional

Pat ent Application No. 60/871,529, filed 12.22.2006, is incorporated into
the present. patent application.by. literature reference. Wth regard to the
abovenent | bIBAN Bt SRS Bl Rl AR B BRI R P PhRe o esent

i nventi on ahlerigmdsiesiperating timgrean iperredlongedde 2dstoymed t hat the invention,

w thinighe scope of the appended clains, can be perforned differently from
t he way deggri bled1 O specifically herein. PF 58735 36 Clains 1. A process
for transf ?’i“R& eat to a liquid m xture conprising at |east one
(meth)acrylic nononer with the aid of an indirect heat exchanger which is
flowed 5 tikeanghrsbdkanipie, Rixtemthat Shalgctby cambbid id 1hary-TRaEMyRhicapsiven its

(ot ) et y ENEOE TR b B ink ¥ e o A8 B o i gt 1 et one

(nmeth)38rylic nonomer conprises at |east one added active compound ot her
than (net Exaepleli6c nononmers from the group consisting of tertiary am nes,
the salts 10 formed froma tertiary am ne and a Bronsted acid, and

guat ernary anmpni um o o .
Like the first example, except that the stripping bottoms liquid also comprises an added

0.3% by weight of Komad®in addition to the pentamethyldiethylenetriamine. This
20  allows the operating time fo be prolonged to 34 days.

The inventive procedure ensures an increased space-time yield of acrylic acid
removed.

25 US Provisional Patent Application No. 60/871,529, filed 12.22.20086, is incorporated
into the present patent application by literature reference. With regard to the
abovementioned teachings, numerous changes and deviations from the present
invention are possible. it can therefore be assumed that the invention, within the scope
of the appended claims, can be performed differently from the way described

30 specifically herein.



conpounds, wth the proviso that none of the tertiary and quaternary
nitrogen ptegezsn the at | east one active conpound bears a phenyl group but
at | east sone bear at |east one al kyl oup. 15 2. The process according to
claim1l1, wherein the at |east one (net crylic nononer is acrylic acid
and/ or methacrylic acid. 3. The process according to claim1, wherein the at
| east one @gﬁ.ﬁﬁ) acrylic nononer is at |east one nononer fromthe group
consisting o ydroxyet hyl 20 acryl ate, hydroxyethyl nethacryl ate,

hydr oxypropyl acryl ate, hydroxypropyl nethacrylate, glycidyl acrylate,

gl yci dyl ntt haérprbeess forrtetnkighrirachaat &t @ iquie tingtlire aoetphisiop it &aet one but yl

?g ; %” gbeill i Zg?%&lh a%ﬁfn)f'n%n%mér%ﬁ%é’gg:ﬁ%gﬁfgﬁ&t%% eithH?éf'whnéFﬁ%%ﬁréM late,
ot hacr§ at o, STIRAHERITSY Sy be e @eaéfﬂvlphaﬁ@fm REMeinRE 25 4 The
process accor dsimgltenecusly tofthe liauidsniguteocc®prighgrat igast dree @eth)eaytic one acti ve
conpound is a Fn%rnbhw%FB{A/rfé?élﬁﬂw&lfqum%xﬂj?@%bﬁbniﬂdHﬁbéstgneir'ﬂe crf#e 30 where
R, R and ' are eac epen ent%sg ﬁ‘(ﬁ# I:?%oapwhlc has from1l to 8
car bon at ons, BPnBWeéFWP”S&F@u%%‘?W FPGhyerm atoms and in
whi ch one or minethiacdriogamontessisorartiee gropp aorsistingyof dertiarg astinesnthegfaltshe gr oups
l-ggst m*ge . ly\ngagi%egg@meéﬂ(maw%%déefgﬁstb@&w%ﬁaqgmmw §mh{Un§{)nﬁmU§t ?S gt
car bon_at o aRam PR Wi bRcrafta BeENiRsc it lertHro B S ReBETudd Ly ot

| east one of th@ﬁgﬁlomaﬁmt onwagtlveqqﬂmagn&haarsa\u(r@lﬂsl)gomuaatmt lgatse cyclic

carbon chain |§omgtb@é,rém§@(ﬂoaéalk§e|ag$@u;ﬂo once by an oxygen atom PF 58735 37
or is the salt of such a tertiary amne and a Bronsted acid. 5. The process

according to an %/ of claims 1 to 3, wherein the at |east one active conpound
is a d&ivati véheproress arcerdin@tagidioh!. deersie dre deast porrimeihiaeatict he 5

hydrogen on t hendibiepBerniiio stideanti/dp esdthacppichar. been repl aced by an al kyl
group R4 having from1 to 8 carbon atons and/or the nitrogen of the

1,3-diazole in_the 3-position has been aI_k%/I ated with an al kyl group R5
havi ng frof 1 Tle BrosasrasordiviRglaind. whermiethgrad tasssongcEmtaleaylie o any of
clains 1 to 3, munemer 3 dteasbbnd astmenfeoratid yreup comgiing @f hydrbhetisal t of a

quat er &y a”nBE'riy}é'@, ih%‘rox%ﬁfl?néﬂhﬁ:rﬂ%? Wd?@fy)bropyl acrylate, hydroxypropyl
methacrylate, glycidyl acryiate, glycidyl methacrylate, methyl acrylate, methyl
methacryiate, n-butyl acrylate, iscbutyl acryiate, isobutyl methacrylate, n-butyl
methacrylate, tert-butyl acrylate, tert-butyl methacrylate, ethyl acrylate, ethyl
methacrylate, 2-ethylhexyl acrylate and 2-ethylhexyl methacrylate.
25
4, The process according to any of claims 1 to 3, wherein the at least one active
compound is a tertiary amine of the general formula
R'——N—R"
L
30 where
R™, RZ and R¥ are each independently an alkyl group which has from 1 {o 8
carbon atoms, or an alkyl group which has from 1 to 8 carbon
atoms and in which one or more hydrogen atoms are replaced
by at least one of the groups —OH, -NHz, -NHCH3 and —N{CH3)
35 and/or the carbon chain is interrupted at least once by an
oxygen atom, or a cycloalkyl group which has from 1 to 8
carbon atoms and in which one or more hydrogen atoms are
replaced by at least one of the groups —-OH, -NH;, -NHCH3 and
~N(CHs)2 and/or the cyclic carbon chain is interrupted at least
40 once by an oxygen atom,



anmoniumion is one of the general formula R O R2 1 -3. R6 15 where R ',
R2' and R3pragessach i ndependently, and independently of R6, an al kyl group
which has from1l to 8 carbon atons, or an al kyl group 20 which has from1l to
8 carbon atons and in which one or nore hydrogen atons are replaced by at
| east one of the groups - OH, -NH2, -NHEH3 and -N(CH3)2 and/or the carbon

chain i s | nt ebriReGplr oRstediganie Bk Qt¥aRfebaa) of a cycl oal kyl

group which has from1l to carbon atons, or a cycloal kyl 25 group which has
from1l to 8 carbon atonms and in which one or nore hydrogen atons are

repl aced b§. at Theproressmscorfdindgte angcbdpsns O, 3, tldpein tHeHgHash nde afi(VveH3) 2
a{ldlor thg g%cbé@pgﬁgfigamgﬁ@iv@df?r,SLd].f.lﬁl%gﬁFcﬁ@gﬁ\‘}l%s!tﬁéfé?ro&rlﬁ%?éﬂrlwean oxygen
at om n i ndepgnden .0 , a is an a roup

navi hg Trom 1 noRttt sl BB ihasha e -part nabdieR teniai s AT 81 i s
1 to 6, wherei R*hagnarfrbrar! tedsearodn athmsaand/or desnitregen efdne §.S-dargpittiei s <-

600 g. 35 PF 58£35iti88 haSbedAkP4tE th AEH Hiolp R5Pagiy fdn €8 BBrbdnt 0 7,
wherein the liguid m xture conprises an addition of fromO0.01 to 10% by

wei ght of its t of the at | east one active conpound. 5 9. The process
according to any of clains 1 to 8, wherein the liquid mxture conprises ?

0. 5% byp weg ght Tied probsssicBifingab ahh @f ahiMLaft 3, MR rdinBidtasdsy bhé activenoner . 10

10. The proces i y. i 10.9, rel nper at ur e
with which thtes'orﬁﬁ%ﬁ{dg% %%x%aﬁrogglqé‘%éﬁér?ﬁg‘%?%‘ﬂwé’ twﬁg%t‘ﬁ%%%@ﬁ‘ga is from 50
to 350C. 11. IMEgHiLHE©sds aeeertbe ggnerel feRYUlaf clains 1 to 10, wherein the

i ndirect heat 15 exchanger is a tube bundle heat transferer. 12. The process
according to any of clainms 1 to 11, wherein the fluid heat carrier is

steam 20 13. The process accordi/ng to_any of ai m 1 to 12, wherein the
liquid mxture has been withdrajwm frofithe bottom of a separating colum
conpri sing separating o

15
where

R¥, R? and R¥ are each independently, and independently of R®, an alkyl

group which has from 1 to 8 carbon atoms, or an alkyl group

20 which has from 1 to 8 carbon atoms and in which one or more
hydrogen atoms are replaced by at least one of the groups -
OH, -NHz, -NHCH3 and —N(CHa)2 and/or the carbon chain is
interrupted at least once by an oxygen atom, or a cycloalkyl
group which has from 1 to 8 carbon atoms, or a cycloalkyl

25 group which has from 1 to 8 carbon atoms and in which cne or
more hydrogen atoms are replaced by at least one of the
groups —OH, -NHa, -NHCH3; and —-N(CHa)2 and/or the cyclic
carbon chain is interrupted at least once by an oxygen atom,
and

30 Ré, independently of R"", R?" and R¥, is an alkyl group having from
1 to 8 carbon atoms.

7.  The process according to any of claims 1 to 6, wherein the molar mass of the at
least one active compound is < 600 g.
35



internals, into which, in a thermal separating process, at |east one stream
conpri si ngpgatsglzeast one (neth)acrylic nonomer is fed and at | east one stream
which differs therefromand conprises at | east one (neth)acrylic nonomer is

25 wi thdrawn. 14. The process according to claim 13, wherein the liquid

m xture, after leaving the indirect hed exchanger, is recycled into the

separ at i nggCol §AB prodBsslaccoldify B HE8F SIaRRS h6lT NBhdrBinGh&lidlid Aidlirel4, wherein
the at | east one_stream f%ﬁt' in_ . s @Bg aﬁ:(ﬁ{’ylbl C %ﬁhd-?ongr hf(l?ﬂﬁ bplttotm
product of a fFETPIERA" TERPERIZOMNC IO {Hia by py gl of "HYE'oRt ¥i'TiF atl5PSta

het er ogeneousl| yneactilecompayad. phase partial oxidation of a C3 precursor
conpound to acrylic acid in a condensation colum, and the thernal

separ at kNPT 0888 Brdctsd BeeoPhind RPAbr AaihlI% 156! WL EinRd Fuid ST o bottom 35
comprises 2 0.5% by weight of its weight of the at least cne (meth)acrylic

monomer.

10 10. The process according to any of claims 1 to 9, wherein the temperature with
which the liquid mixture leaves the indirect heat exchanger is from 50 to 350°C.

11.  The process according to any of claims 1 to 10, wherein the indirect heat
15 exchanger is a tube bundle heat transferer.

12. The process according to any of claims 1 to 11, wherein the fluid heat carrier is
steam.

20 13. The process according to any of claims 1 to 12, wherein the liquid mixture has
been withdrawn from the bottom of a separating column comprising separating
internals, into which, in a thermal separating process, at least one stream
comprising at least one (meth)acrylic monomer is fed and at least one stream
which differs therefrom and comprises at least one (meth)acrylic monomer is

25 withdrawn.

14. The process according to claim 13, wherein the liquid mixture, after leaving the
indirect heat exchanger, is recycled into the separating column.

30 15. The process according to claim 13 or 14, wherein the at least one stream fed in
is the acrylic acid-comprising bottom product of a fractional condensation of the
product gas mixture of a heterogeneously catalyzed gas phase partial oxidation
of a C3 precursor compound to acrylic acid in a condensation column, and the
thermal separating process is the stripping of the acrylic acid from this bottom

35 product.



