PF 58735 1 Process for transferring heat to a liquid mxture

conpri sing pgsheast one (meth)acrylic nonomer Description 5 The
present inventiron relates to a process for transferring heat to a
liquid m xture conprising at |east one 4(mat h)acrylic nonomer with the
aid of an indirect heat exchanger which is flowed through on its
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10( et h) acr JP'e¢M¥onomer. In this docunent, the notation
"(nmeth)acrylic nononers” is an abbreviation of "acrylic nononers
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affords a ppfaHiehidasd Bhddridsrd 6RRIMALAIR akiie (et h)acrylic acid or
the (met,h) acrolein has to be renoved. 40Esters of (neth)acrylic acid

are obtarnable, for exanple, by direct reaction of ([met h)acrylic acid
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25 Inindustry, (meth)acrolein and (meth)acrylic acid are prepared predominantly by
catalytic gas phase oxidation of suitable Ca/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
iscbutanol, n-propanol or precursors thereof, for example the methyl ether of
iscbutanol.

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

This normally 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 andfor {meth)acrolein with the corresponding alcohols.
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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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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 liquid mixture comprising at least one (meth)acrylic monomer with
40  the aid of an indirect heat exchanger.
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35 element of the group comprising oxygen in the Periodic Table of the Elements. In this
dacument, such a nitrogen atom is referred to as a tertiary nitrogen atom.

In this document, a quaternary ammonium compeund shall be understood to mean an
ionic compound (the salt of a quaternary ammonium 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



In this docunment, a phenyl group shall be understood to nean any
aromatic ripg 53essi sting of six carbon atons (the characteristic
feature of such an aromatic ring systemis that the six carbon atons
are within one plane in an X-ray diffraction experinent),
irrespective of whether these six carboP atons are chemcally bonded

to t10a hydr geﬁﬁer@&ﬁ@%ﬂh@g@uw@@ hidi aboih tﬁ@ﬁer‘b\ﬂ@rﬁﬁ%rbfﬁ{e%méwts
ertrary or

rou
chen cal 1y, (EOGBENRFY, e ratioed B C T Tao B 3 Waelel Mt by e
aromatic ri ge pp»ﬁtN@ty RrORe fafievhigh GopTERgA ‘h‘l‘?n'”?fér”e‘hi?ﬁ%ﬁﬁ C??@ument asa
phenot hi azi geatamdryethyiienénbl ue are not active conpounds in the
context @gf this invention. 15 It will be appreciated that an active

corrpound to b% ded i.n co danc %he i nvention rra

ChanCone t ol Pisroinento B SR el ndatSr Dt PR e T ogen
atom Of comn@estmanf sic earhen domp Ghe aharacieyistia thatile pheugh 6o REPAIRER IIO@ t h
the inventi gpstémys pbigRe Birtabah alogRHre AN e plbidd W ahiX-ra9 gfiractitrom and

at | east On%x%meﬂgg?r@%/p[e%% & Wgﬁw@r ﬁEQeﬂ%lx Efrh&* é%ﬁ']ﬁraﬂa &eﬂﬁ’r{ag)'f d%ﬁ to .

tertiary a 0
capabl e 18f PAVERIPRECT FiRR éH*PSE‘B‘eP*H@r W%owaw a&ﬂﬁ*r@te% LHIVRIEHAEY t s
the terti ar yit@gemetotearsrophanyledrewanan, it |e|cmm;paibracquieptb)g ibbhaedltg one of

C fFlar ged a{m‘l&m $HtdrBeh 4t6ihs ofihe Grdaidt A8E NN 8BEr WeBaNTiGRRGAaMMBB Eimline,
n n
Souer L ander PRa A E e RN e gk A UM g Bt BT hED

ff.). This MR aneous| y converts the Bronsted acid itself to its
conj ugat1®d ani oni ¢ base. 30 Active conpounds particularly suitable in

accor datnce W ilbé B&réd?é‘(@@iHaPéh Adtife b bdAEYo B hdleatih ScRfiaR€Swilnget hei r
non- quat er nar C
Q! tjrh%pfa have?ﬁqnégwan-gngﬁa a%lﬂggen a%\n %?m%? tbé’r??rhe @%‘E‘érp%

ammonia in %58

groups. 35AMBIPgeR ﬁ*@meof EPWPRAD aaqlwemaatppwdafﬁ]bﬁ @Qdecb‘ﬂ @F%CF%W?B Witk | ven
to those of investipeney @do fiavert leastiong derdary hirogersatbini amg ahieastqnea teateanayy
ammoni urggsalpfiphen Mol R2 PR 58735 6 carbon atoms (these groups are
formed only from hydrogen and carbon atons and do not conprise the
cycl oal kyl oups or cycloal kyl group (are |ikew se forned only from
hydr ogen an eéaéw%zﬂﬁpa@%&*ﬁﬁﬁ@'f@rhéwf@r@ sanptesacigrasich aghemics! eamrdyad
general for mhich i$ cagadletdl cdéangper bten enitie térarg amire, Which convettotht heriaryi n

\rqgincgugtkr R27ifBt0 B a%ir%rr@%ieztr@alyqiogwewa@@d e(rﬁﬂc.%uﬁrﬁ%nr @rsul ting
nor a2 "t geR ey ﬁs@am?&“en%*emed}‘e% et %ﬁ@%%fﬂ'ﬁﬁmt he
et hyl gr oup,RudhiéChesier: é’pwg %mlpndq@@w@ RiepleoyBae Sefledupnkiurham tyl
group, the ters-fhusyif) aheHmaRaet RS donhawsthe Bredizd adidatself to its conjugated

anionic base.

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

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

R—N—~R’ 0

40 where R, R? and R? are each independently an alkyl group which has from 1to 8
carbon atoms, preferably from 1 to 6 carbon atoms and more preferably from 1to 4
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Examples of such tertiary amines suitable in accordance with the invention are 1-
methylimidazole, 1-ethylimidazole, 1-propylimidazole, 1-ethyl-3-methyiimidazolium



in accordance with the invention (non-quaternary anmoni um conpounds).
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and/or the (cyclic or acyclic) carbon chain is interrupted at | east
once by an oxygen atom 10 Parti cul arlé_preferred uat er nary
u |I

ammoni um i ofidUther grasp phadke gemparady riteP|in aesorAange (i) the invepion is that of
quaternary ammonium compounds. These include in particular the salts of quaternary
20  ammonium (cat)ions and the anionic conjugate bases of Brensted acids (for example
the salts of DE-A 10314203}, especially of monobasic Brensted acids. These preferred
singly negatively charged anions inciude in particular ®OH, the carboxylate ions of
monobasic organic carboxylic acids, for example formic acid, acetic acid, propionic
acid, acrylic acid, methacrylic acid, chloroacetic acid and nitroacetic acid. In particular,
25  these singly negatively charged anions also include the conjugate bases of monobasic
inorganic Brgnsted acids. Such anions are, for example, CI®, Br, 19, NO3® and ClO3°.

Preferred quaternary ammonium (catjions are in particular thase which are obtainable
from the active compounds (I} and (il} in a formal sense by binding, to their tertiary
30 nitrogen atom, a further alkyl group RS 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)

1 @

35



15
PF 58735

8

where R™, R?* and R¥*  are each independently, and independently of R®, an alkyl
group or cycloalkyl group which has from 1 to 8 carbon
atoms, preferably from 1 to 6 carbon atoms and more
preferably from 1 to 4 carbon atoms, or one of the

5 abovementioned aiky! or cycloalkyl groups in which one or
more hydrogen atoms are replaced by at least one of the
groups ~OH, -NH;, -NHCHa; and —N(CH3)2 andfor the (cyclic
or acyclic) carbon chain is interrupted at least once by an
oxygen atom.
10
Particularly preferred quaternary ammonium ions 1V are those of the general formula

(V)

o \®

RE—N—R® V)

15

in which R?, R2, R? and Rf may each independently have the definition assigned fo
these radicals in this document.

20  Particularly preferred quaternary ammonium ions (V) are those where R'=Rz2=R3 =
RE (and preferably an alkyt group).

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

25 ammonium chioride, tetramethylammonium hydroxide and teframethylammonium
acrylate.

In principle, all R, R, R3, R4, RS, 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 fo the invention, at ieast 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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40  transfer of heat) {To+) will generally be from 50 fo 350°C, or from 100 to 300°C,
frequently from 150 to 250°C, and often from 170 o 220°C. The pressure within the
indirect heat exchanger may be either atmospheric pressure (1 atm) or above or below
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heat transf gy %é%lkicié)ﬁottggé‘eso(r%@sgénoﬂﬁﬁﬁé af ﬁkgpﬁnﬁhrﬁﬁﬁclhdﬁé%lféahpﬂhléﬁ 8arl b
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di phenyl , and m neral oils and pressurized water. indirect heat

exchanger s % Q&S Mhdebrd \M\Vt Dl @ioRTafe ihparticular

particul ar e‘ét (E; un f é E afe te
heat transf é’PB‘P %WE? i, B0HR o4, SEF PRV Bl eE bR RIS o DT b P
one of whi clransfeierstaeist dfavotuhes, onaopiiietalsiinsjdeghe pthes & @Balipafihese
tubes cas bejogiwahivasdad te g@rmﬁnédxbgwwuewaﬁhmé i tu el hepgmdagh or be
smooth or b rdicdY '\nﬁtﬁqwg\ﬁ deg?het s?éfel ntlrnfv'él%%asreg alﬂﬂaEB poéstie for
i ndi vi dual casges, ?

a be bund =] to replace the mner tube des 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 fo the fluid media.



a tube bundle to replace the inner tube. The fluids which exchange
heat nove i prFgegagrent or in countercurrent. The liquid m xture
.conprising at | east one (neth)acrylic nononmer flows, in accordance
with the invention, appropriately upuar% in the inner 40 tube, and,
for exanple, hot steam downward in the 'fi ng space. Tube dianeters
adjusted to the desired throughput inpart flow rates which give rise

to high heaty, qgtegg)% filre BERAES olife Mhéatqam@ﬂm theﬁ) i cdptlify
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i ndi rect hegenesslighfang@mpleybe fremdenide 350° Q,fréqylentéoémpﬂfémbéﬁﬁﬁcom Bant o
150C, fregqueerd ¥ ghreom 10C to 100C, or from5 20C to 80C. Tube bundle
heat transferers consist nornmally of a sealed w de outer tube Whl ch
encl oses the nunmerous snooth or ribbed transferer tubes of
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tube shape. Euggguﬁéléﬂéaé‘?Faﬁgfeﬁe@%nggdvé?ﬁcaﬁ Btat'tcﬂi%nta!%ﬁer'irr‘aﬁeHSShape

or 15 el se 1 ral he liquid
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the inventio enera
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| i quid Bexture which conprises at |east one (neth)acrylic m)norrer and

is to be he%@g Ss|n5!e%9ﬂ[1g@5‘&1% Vﬂéabtrért%ﬁaréﬁqtﬁg%u@Htlﬂ@f\é%léhmo%

transferer heat
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(thr oug%vx/n 'l\/ﬁﬂiﬂgxmube bundle heat transferers comprise {ube 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



PF 58735 13 transferer tubes are conducted with sealing and to which
they are secured) into sections and deflect the |liquid m xture which
conpri ses atFlgeass one (neth)acrylic nononer and enters the chanber
part fromone section into a second section and hence back, The
liquid m xture to be heated in accordance with the invention flows,
5according to the nunber of sections, t! rough the length of the tube
bundl e heat trbnsamhebmargnomutmammrseehn@tam cewhiththee atd seesredf iater

tines, etc. L Mohd rmmeaﬁﬁ@ us ufréemeﬁ b&gprgbg SFIEéé?Bné MR ah@m
t hree-fl ow, ?our ?I oW, E‘F{Haﬁg heat rans
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Theodor St ei nko
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(G undoper aiFohéfj 1% HSe83823 1T 6Poly )23 2Q0a80 WVQ 9413389 'oAYYg bunglerheat
edi ti on,2019%&3¢changerd 3, tdr exdieple, casaitad geER-A/ROBIBAER-ACAN0aThvng ui t abl e

for the proggsg 4@@@@4@' gal hDeldng ibAYERbE Réht%&&wa%&@rs'&?é‘ées@%&faaﬁgers
descri bed in EP-

o copec al y0ad VauckMe S P psthins i tedRehd BBy jpen
particul ar theafigsdeehenca pricass f@ﬁ‘floiﬂgﬁ} éihpbipat \silag fTheodor Steinkopf,
f or ced- ci r cWredden (a7dpend ih Aihasvp@lyaibsadicdst tédhaisEapelionty, apomator .

inthis 2%0nt\,%}(fghreﬁﬁ&hhﬁrgéru%gé_ﬁe‘?%oﬁ%rﬁﬁﬁljo@é sqgchn%mg’bﬁgéhpérgﬁonggqﬂﬁd

m xture conpr] Sin yacrylic non 'S conve
with the ai §9gpnd a ough the indirect heat exchanger (its
tubes), while the conveying in the tube bundl e 35Robert evaporator is

ef fected by neaf biRamferd Ry BEERIMHYROItAIN fof 1he pY@ReS addeiNAs tiaNgvdnien
density di ff t‘?ln(ﬁgat eﬁ@wéﬁagé%egg%ﬁ& %%5%%5‘31 Qragnrf) d& agpapﬁte{stt%eﬂventlon

i nt egrat ed I rocess acco he” I'nventi on

i s suitaldl e (pspepaptinesd depictedrn fgse! 19 %}UTQPS%’WL@F&PWLWWWO@S%H se
at | east oneiruiaibh teberavbparaton tfenfercedsediculation dutietfasmavapeegia@raat itregRobert

process for sgRastat iMdistoRfeX! theQerfOfREdSdiR0afdn" h2aks thafBe liquid mixture

(et acry i %mréﬁ O eocb % WAL AN LIAIE: RAh Qoo AR BRAEAL TPaCE:

through the mdlrect 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 af least one (meth)acrylic monomer and, in a thermal separating

pracess for separating a mixture comprising at least one {meth)acrylic monomer, are

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



PF 58735 14 conprising at |east one (nmeth)acrylic nononmer and from-
which is w Phggzssh at | east one stream which differs therefrom and
conprises at |east one (neth)acrylic nononer, is conducted (conveyed)
with the aid of punps and/or by neans % natural circulation through
t he secondary side of the indirect heat“exchanger and, after |eaving
t he i ndi r ectonbdraaig =& keabtamg émneinfachiliq odoraaddrdrfroraplaciois svithdram, =t sast
recycled orgfed-qah Mﬁ&ﬁéiﬁ&éiﬁe‘réﬂohﬂér% doMRriS R 1RA! bnedfnet)ScrpRPAGRInend
space fromwhich 1t has bedgn.wh{’ehd%afm and@or I nto aqot@er iFart. of
Che same seBAPAICHRS EFNEET AR B TheGTRP EnIPT BHBERIE O CRUE shitiryon
space. 10 Fhewghiid secondpsy sidpaithe indigect peri exehmnpen asdsafter Lapiag g ingrect
col um Whi Chest @RFahg@sn KkRppdraldrvgpdrodsomalisreciitidd oriyd atnegst pady pltethe

al so conpri i j %Egga o it BEPRAL L.t l: (cf.,
for exanpl e?gﬁ?%?%%ﬁ%%d%%nﬁg e. g@%ﬁ ’E\ﬁ N nteg?’hmﬁrsahﬂ’s%{ I ri{%%)he
separ ati ng 3pPR&E Par g the RgREsera Al a%fe%%mt?\aa%lw,ef PRSP the
pur pose of speceeasi ng the surface area for heat and nmass transfer in
t he separating space, which 15brings about the separation in a

t hermal ,se ' ‘ . ‘ , :
exanpl ¢!0r ariir a0 S5ERR0p B8 e honBHEch o RcBkdtel SoLR WG cobBes
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i ndi vi dual | yeparatbi-intert@836886) exabpEnPE s 13008163 hihersepaatingieisarais issg
processes afahé 8&lakdting @8bh@Njor RSP AN sepatdiihe BOIDGN, e tndtiurdoat ibpn,
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Cecti i oat biroery Tl i BeR BRI ol i el
(ascendi'fg) bHEE abpefdheisqraesier B hgmal seraspiiy Rrecesd Mgkt BihiiHerals

count er cur r estude, rforaexkingles mpdsra packingsodtruehsedmathing s amijorsesa tatsfagtrays
internals, Beal AR cMBsexbipRhifhickRlid MehtRh&FRNMLAY it BELABaskENt S
whi ch exi st befween the streans and ultimtely causing the separation
25desired in the separating colum. In the thernal separating process
of stri ppi n§Xgnaries ¢fisyph MGTERISCRAREY AIFFesTFHN Estiicaliors deparelipn; siripping,

i qui d B0t hddiiftier eptot@blciradtifiygtioandd thesap@trmsitibh beadsexptioisendr ocess

of absorpti AnidGn tot fh"esé’{;r%éég M@Qreitﬁbstehr‘?gh%ﬁlBéﬁaogﬁ‘f’a%éerio%g') SHPN&A by

| onering th artla essure; desorptio Strippin re
frequent|y GIRFGE) SRR GBHOGH s EHOTREY O e RePaaad Sy Ags
action is bageeising seaaretindintrmaio heat and ags frarafesiakingoplads awing toghe
El _mez 'hl) i’icr yl geadiaormdse xmdet@baemtem@@ﬁ@lamlmmamenmg fhe sepdrbtpai d. I n
I sti o) ; I i S is
based | 2opabried i fisksfifiagimt [t FRHhcS fﬁ?“fré%@éés?,?fnﬁﬁﬁﬂg) a
(ot h) acr 1 FEPHBH GF e BB IS S SUHIDAUAIS Wi Bterbaiais and
di still ati odesonpliondibe irévecstrraressivi dbsemtiom éhedinbtfes disaelvetbig tieeliqui phisse h
(met [1) acryl is?rerﬁ@%%gﬁﬂ%&ﬁ@ttﬁ@ﬁé?ﬁ&%éés@rt@ﬁm_?ﬁy%ﬁ ah&tbbodiy re fahdently
azeotropes w ed . r | I
the i nvent | SiPRyBTHRE BRSNS bnBAGR, O oM A6RRTs Al bfiold
separ at BRg pr Swediffereny spivpilify @f eratiasn icTRPIAMErh 8N hRtheregepndgREcomponents
(met h) acryl inca lipitb redist{l&itontemdire@iitaion,thel exsuidnpsapatating asticniipbgsedan g.
Sﬁ ; %Llsgsafln ?ameuumnha@améﬂeﬁc@ﬁw@ bdilfhgGRMHG REthenfie nohBRafsainking

, . . t ,
P the 11 qarataRy BRmBbIGN, A% IR ChAeR RO S FRANGT ith | RO
nmononer andde@ee b weich@atidacys aenasiraAESaRPRYRrY RINPANGEA H¢NEHO fgm
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The process according to 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



PF 58735 15 conprising the separating colum bel ow the feed point of
the (liqui dppsgFggam to be treated under separating action into the
separating colum, is heated in accordance with the invention with
the aid of an indirect heat exchanger and is recycled thus heated
bel ow the feed point of the (liquid) st/Peamto be treated under
separating @shirRhgind SpardiRg cOeRAbabvAIG ©el BEM: of Y @qdid)estreenas Béi ng

space conprjsi.ng .t i .col . N ; ially
when aoryl | EURT YT SHEPALE b0 G i oark i BIRNE, 5 Bedd iR BEREEAE
and the |i quititheieaiprwithiae pidehpe trdipgt ﬁe%téﬁafﬂa&e?frﬁj‘dd%ﬁ%ﬁec{@us
essenti al | yhédted bel®b treueet pivaoéthettiquit) ssedno tortedrastesiundheseperajing ectivoi d
or met hagr yintdinaechrithgCOMMA! @A 5EBrAtRE sPAQMUMTONSIAG tHE stharandf a
heterogeneou%lﬂﬁncat al yzed partial gas phase oxidation for preparing
acrylic aci i 'met hacrylic acid froma C3 or C4 precursor conpound
by absorptive and/or condensative neasures out of the product gas

m Xt ure i nt Phé Bisovkiigicdegpbasiy wWith.acriiotciesampthacrylDEcH id 0@ (868)86ylicVWO

356 45, o DI EIT AR ety teRel iy spha it e e SRSy 2

EP-A 1 136 P-A. (7
1041 0639 EPIK Rgse vl Bis Y t%é?ﬂf'tﬁsﬁ%ﬂ%%ff@éé@? RPN
867, EP-A 78am@zsprofiet pasokiuraef a mreragdrepudg tatalirry naniel pas rieae ur e
cited on thbsdstishji@Pregafing basiR RCi MRiRryliaBed absa Gasramprapplor cat i on
102006049939, 3) uné% Egéo?pﬁvé hEE cHRBEGEA }n% WPENG i Bﬂh@%ﬂﬁﬁ&tda@%ixiure
colum is opera?e, ,ﬁn er reduced pressure ?Ggr exg ?e 2 top pressure
of from 20 t& HedayigaRasedsr iy exapPlrparys URFEERE: W g}é 9244 tenperature
out of tihe Dieh 12E316vdaDES tPRaNFe5, ERtAEN28% BFak 438 3P Spher02/876817,
1;‘3?& or 7. ep80¢s950547ERR0405 708, @iﬁﬁtmrzszg,m 1251 bee, BF-A08PLET, _tPﬁ
ni t rogen- coppr [ t ( COp
the i nvent| oh bai7 S Uo B4 GONRERN Bpl s it B89 1 AR R AE Yol
briefly bef6Feh i HeSHany ths teraiure ¢itgdio s xRt intbesseionwasie and also
accor dance Wietrhart dpplicative102@60498386). actually into the separating
space frgm which the liquid mxture to be heated in accordance with

20t he | o : . hin i . .
o e 1A B A B S5 A OB
conpound gekf@marrgple@@m%e%@er%ﬁ@w@ tp AOGBH3T 8eIy0 MPRBRNE i eYQIRR

separ ati ng tsohpenatsrewiut OF toepdirext heaj exchapgerdhts thesepafating sieee et 135C, or

separating pr@gesses 286e bhesecwWrhfele Conpri se a sequence of mass
transfer _trays at | east as some of the separating internals. Mss

t r ansf erdt rays fulfill the purpose of providi n? | ocations with ]
conti nuous I grifictplep Hggdtsoder-cemariging #ative comppund te kg agdedimagopelance with
separating aw ibventior b iseimbace iath tidiadiapiodat exchgager shiyeaefiyiefarh the or
exanpl e, aS%ﬁg,déf (hEldAEm e RURD A8k nbln fHeSiehiisH £fkidBeh bRy
continuous || LHE E ﬁe I's then 40 the. C%J@ {ggfﬁﬁt{eagsfer qsurf\%%?'
Mass transf 810 FeSFRarping FRgh | )M OIS TRIAUSEME PoeateRell pocordance Wi
sur r ound®ng theneyantioPE vaiBdREN 18N hibkxbeiling favbeyistalie neaBlydisgharped from
trays is thenesdepuriibg Sace] fonttidriastivé@etpaiid gdnbiagly haf e metered in

constantly.

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 fulfilt the purpose of
providing focations with continuous liguid phases in the form of liquid layers in the
separating column. The surface of the vapar or gas stream which, for example,
ascends in the liquid layer and is thus distributed in the continuous liquid phase is then

40  the crucial mass transfer surface. Mass transfer trays preferably conclude sealed to the
wall surrounding them.



to pl ates whose passages for the ascending gas or vapor phase are
si npl e hol espggefsor slots. 5The sieve trays are typically
differentiated into two groups, i.e. into those with forced liquid
fl ow and those without forced liquid flow. Quite generally, forced
liquid flowin mass transfer trays is 4€hi eved by the mass transfer

It r a}’fsdha\ﬂ)!"g cRbsit 8M6hg PBenA30 VRIS ayE I the ?i)sve Ay oLgls dobiraénitthie refe;sh
i quid, iy - , e
upper i ay CORRCIIEaSaoks fy HeBHo Bty B o Dok B art b AT |

the transfef ¥ fromfeed to drain is selected in accordance with
the process objective. The gas or the vapor passes through the open

cross segti eRssile )8 atd B¥icall dRrentidteNientid Rolpsail. thtd Sro6@ Rk @
over the tr@ dsfﬂo revqﬁse fiLQOVYférfC%%Q a&? drain of the mass transfer
tray are di %Jb 3’%1‘? s O 'Y B (e tray), these are referred
to as reverse flowtrays. In radial flowtrays, the liquid flows
radi al | y onQuitegdrieayly ffoaenl tidutd flavdid Ineasé fraesiyr ttays ishechiwved by tht midse edge

of the 11 a¥iaBlialdifa iR Rk ofieldoifEom! @i 1ebeSEn hfien BRLbGE, £1 oW

area, the l1quid,.is conducted ansversel'y over tr from
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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 hydraulicaily sealed crossflow irays, prevented by chimneys, into
which the passages continue, but rather a minimum vapor loading is required for this
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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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thus shiftegnt ol RassRORHH B8 s@hphl Bol AR Y Fe?ggﬁgﬂgggfmgsgheryggem

cont ent s, of tege tgﬁgbesv f the a%J.ub:e erlilaE | e hqat ) el B
in rmno§ﬁas PESPYPIT™Y ﬁ@‘%ﬁ?@r IR B R NG PORRITLOMIMY: (NRB NSy
as a super h&amek3 to 2rvas apalypisgle T it refitreliquigden Bastrippia@ Felume peysin principle
super heat ed alsbibeygherafed culdidatihed siriptivd eturhmiTdelitigd Hithé PettdRgof 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 petforated
plate; alternatively, a valve is aiso possible}. A portion of the acrylic acid-comprising,



25col um can be effected directly or indirectly into the stripping
colum quu'EP. ﬁk&ger t hese conditions, the tenperature of the |liquid
stripping c 3 ottons regularly corresponds to the boiling
‘tenperature T. corresponding to the pressure P. existing

(i medi atel y) above the bottons i qU| d.21l n princi pI e, the passage of

the bottons || er heat ed as crlb hrough
the Dhr ottt et anctigbenOas IQRE A SOREE HESEE RS GERC R OV,
above the | Fepiindoysinfesm iGe stri@émgta@lumang PeBPehPY @é@ﬁs(ﬁ?@ Cﬁﬁ‘datl%tpump
di rected i ningo ihkinfliRgera ube sendi®hstitekamasgert Aeuiti erpiesaarien (for @faniplechot

liquid stri Qt%bﬂ m&%ﬁamﬁ&t rQé@ré S\ﬂ(o%@"t@n%éré(tu@ﬁé Q%vtel'!ﬁe Reipkldife of the

t enper at ur e ressure in

(i mredi aPel PFABDRICHNH e 5, ptp@ﬁé:"'l“ uﬂ‘g"s qr?”qdéh%Qéeé?ﬂl ?‘QPPS gfﬁ? 15e
boi | i ng evapondé hemt trefsferae Qnub@paihrtmb@hhb@mﬂ@w ang beifiey tuvesiplitbeltube
outside t hebﬁﬁdé ReHt Beendnge! HEBORIRS|iduRL withafdWn froM ihk stpbiRb Rolifve is

SHLCE VoAb s AT
ef fect ed me&hhaibeliam of thelslappipaeeigmn vTae\ilé@sﬂe&ﬁﬂ%?!rWa f“@é‘t‘%ﬁeﬂéaﬁ@teé by
an apprapri gegliye hirghe Heatiardfesal antmhadiopping dotunpassthg @rgseiumtsidefantine

super heat edepé)&éstg |Pbé8f”§uqaﬁl s %@noﬁ%%@%%dﬁti%n?ﬂm *aﬁt Qpir{eom of the

from el e t?@‘%hm?ﬂt&feiﬁﬁ@ﬁaf%ﬁ S e B The Ve Ra R 5‘5@88" SRR ),

t ube bundl e prasagre Fiyatpseepandingdo therempgratyreaty, piehe stripeingpeiven beltonbot t om
vmdt hdrawal ti@rP@r@drawe Thé Rforenéitons heasuréssupp@ss bbiliynfitg: agpingn | s
advant ageou : ) :

oroper 185 SceRREit (g Fpiqb S SRUHBRD o e G 1REB s
The punp whi"&H 28&6IRHI i shes the forced circulation i s advantageously
one with double-action slip ring seal according to DE-A 102 288 59,

t he wor ki ng Thé #hgtiod 9ethe sﬁ@frng RELADEL Y WhicB GLEUNEEIGE civduldion léenstead

appl T eat! 00 Db AnHAE G;we%%@bmgﬁ ot BartdaLr ity d%i?&z%?tto'tﬁé ?aeesdrge

case of the’a
exchang@rO Xﬁl“ﬁtwgte}!?@"ea‘ihﬁ ligyl W“i?'é’ﬁt \erRotigap WW%’”&E? B‘F'%?ﬁo?ci EPhgn dthe
bottoms i qlbnﬁjng/\pmb&hsaa/\hus& shofied th éhesirasbags gidp afdhaitirotiesdevisat(iesd thend
Pﬁgfrera Ior g\é:o @rgﬁtteﬁ’@%f ﬁ’lrbgléj@@bf BBQIBbUREE WbsBfnERfer bR Wn‘%ﬂ:ﬁﬁasﬁﬁ the
10recycli ng?o& E‘S Yﬂjenbsunﬁ%%ggétr%s%e{érI?thcﬁ&}%rﬁ)&e&gg 4 S%P %rﬁ?%gr fh% passar?g
col utm, can oh@ecprtoaEdauidnhissupersated drouah “’%H@Otﬁ%d%‘t@s‘mﬁl”@ Stf'PFé”Q
especi aI2I5y colemnebin bouffeata difectyher itdieetiyinw dheesthigang ¢alamsiapide Underbes.
For this purtrﬂé%g%oncﬁt%\ﬁenﬁ@%%%ture oﬁmg\ga&aa%ag g%lhr‘ﬂn%@ﬁorﬁé’?é@ﬂlﬁ:‘l;fm an

t
Rdded di 1 e6EPISTNTE i TPOTHGTeS [+ P BBTRT B Rt PR e pghning

above- descr ilipetedigtivisbpee mgubnmm%imumémnnplp@nﬁreéﬁsm@@f mbotiens balice
such acti ve whmneeBEén alperHeatelias deedribyd m@nttmmﬂw deviceiired thel siippig,
N, N, 1\ 1 Nl ol'i.l tnrc? p% eﬂfe&ecpét%&@'ﬁ?edllqﬁ stripping column bottoms and

pent amat wever ot Qun

I
P Comendad PG 1 ﬁ{ﬂﬁsﬁ%cwtpameﬁ%%@?%m% G SHPANG o nt
of use. The calsxmmb@ttwnmamwlartymiomthe ediingempetatird bt voesatdogpianiesthet he

stripping ccpkesm:irelm eﬁlﬁt(ﬁrﬁlﬁ@dtﬂély) drove eeaititb@s IQliG.ot i20sdénfaelaverk i n
crude acryli s.aiﬁie\%pmaﬁ 5@‘(}’1\@tu%b%uﬁ@gaéét%ngé%ﬁ’moﬁﬂ% Bﬂ@ldg%d&ﬁb?% on

col umm. Pre vention

sol uti orn® wisPEmn&logs H‘Ptd’ﬁFLﬁf UREl b the SERPING CRlWEN 4t P %H‘ﬁﬁ?fﬁ A
t ypi cal use cavmaiion tgfe hundle meMeanatetdryEredompiongreni a5 alteedy mentioned, be

abOVﬁt d(egc { icfresled ﬁ@bﬁa@ﬁ%ll;}"‘ %tphita@aa@s\fawesp&r@mre.wrb&afd @a'ﬁ dp@roé%tbbﬁ
wei g u
t he amount f@(r?f ’qﬁ'gt %FS%?Q a\]bg %%gﬁggg)?%{i&ltn pf’ﬁ’%g%(gr ce ms ’3@ aﬁ%on
t ube bundl etﬂ*m%ﬁéﬁ“ﬁé&ihethoﬁﬁ@qu;Ff@rs"rlpﬂﬁ@tcﬁb'f“”r%‘ég’éﬁa‘fyd?e f[%’%‘?é

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




35 invention can also be added to the liquid m xtures which conprise
at | east one (neth)acrylic nonomer and are to be heated in accordance
wi th the inpengiren together with the other antifouling agents already
reconmended in the prior art (especially a surfactant, for exanple
one according to EP-A 1062 197). Useful such surfactants al so include
those of US-A 3,271,296 and of GB patem? 922 831. 40 PF 58735 23

EF]; Aslgg jgﬁo@§neéﬁﬁe%@W’tﬁé@@@pr@?&tu%oﬁor@ﬁ% 1$Db8-4 102k (Det@yzldg%nd DE-
P o %%‘é 8}2% he r?ﬂ Wi chgr%égkés fﬂa?o"‘}@ecp@rcg@ﬁ%% g HP Ps[¥m

a sinple ma escCr 1
Foget her. i £ HtGHoYSA-FiPR BIRIIESARSATIS To Boti 184 50T i Ra dUBeen
wi t hdrawn f used, ahgropiatele msatordandaoditiithe aftieatmor tydingca g;gzmcdfwaier mixfure.
Sadditiogally supplied to the stripping colum in this way is

stri ed out, in, t a nanner aci,d pr t

o oh bor 1 o WalsiasSeRa T o o of BF obaeREtet pragiet FREE el Eay
gas whi ch haxclseeer hwitthibie aidref ihistihchaendic ﬁF@'@DWQ”%@Q Retiemaiiauif evithargen

wi th acryli gomahélskiphieg colim@Rearkiaat @xndefréviddsandbictraancnérgy F&mred for

condensat i Otﬂ?]%)ér#éFFﬁ r(c?rof {hﬂgr?ptrBwQP e%rragﬁgil%xﬁc‘?é%%'o?%trfbgm%;hgn {%98[}{851‘@

m xt ure of rocess

recoveri'fg ;5%5’6‘ 9?”‘?‘1‘5"9&&%@ EPW Ahints vy iafp th eﬂiréo%'fge%o@wﬁn CAVERL i on
conpri ses t loperatsd undistugoesifbroati logasspossibler i aspecially fiee offoding iobie tal®1. A

pr OC(esst L ;)r bbﬁ&@aé&rtﬂahérgrehﬁ@bs tFQur@uq' ;sua;sase éﬂvéﬁtﬁ@&u@@fﬁpééc&déﬂc@%itﬁ fast
one e acr r
ohich Te T anenldy FRASNE b BalBenihéagl 4 %Or'ag*“fe% In e R R OE
and on its Seeehdieeety @ﬂwebo;fiomﬂftt%ﬁﬁwgwolwt rthe am\@~dﬁ89fit1?ﬂépec' ic
conpri silsg adirbedsht tamefe(' meble)ra suijdbiecsunio adiive compherdeiare panievliarigui d
lmegts ;Jr gngog%g{é%'!té&o@ély r@ﬁt@ranﬁﬂbem N‘ﬁtmt@ﬁ?érﬁéthyq 1%0@5&@@@%& ses at
B R S
tertiary ath%d%ﬁW‘eaf #e SHiabialin gEneiple AHGISAORE efysar Thendatien Faipround can be
conpounds, \iéd intotthebgttoms Igoidtdh e stpmg@blutinen betrstanas yr, andxaruplt eslsmr y

S'r E)nggl%oa;?@%tgésh %Q%Sd%%ng c;‘é{:ld g{l Q\gi %t&?hecé?&q) R oRERE Eorﬂjeﬁé‘ﬁfr&ﬁlcess
acoording { GoWRodIERECE Sk aprPr e s morehielo Himsp ol VS
nmononer is &g ibhig censeatralediindne agiviagemngund. Atvirigal &8 wq«nme@étve

accor di ng t eceEeipaBid inlhe sftREbsuibb@indired: Red transter ﬁrﬁﬁérh)tﬂ;ﬁdmbifﬁto
nononmer i s at S

hyar oxyel hyﬁf %W?éh@ﬂ&fggi 3 {0 PN A B 6Bl s ooun
acryl at & E sy igico P?I*’éféfceaﬂ?%ﬂ%w ke hdieda '&%ﬁ%awerer
met hacryl at e net hyl acrylate, nethyl nethacrylate, n-butyl acrylate,

i sobutyl ac mﬁbﬂa%?reag&%kwIadmmfmeaﬁ@nméwwbor&é‘dma@aqrﬁafltr@yeare

tert-butyl I a

ot hacr vl at 210 Fefa RS Lonbiloss HRLOGSCoRRlus il are WbAEd Forpid hi
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capable of accompanying thermal separating processes in particular in a particularly

trouble-free mannaer.

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

35 invention can aiso be added 1o 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 surfactanis 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,



40 PF 58735 24 where R1l', R2' and I R3* are each independently an
al kyl grouppphjgeds has from1l to 8 carbon atons, or an al kyl group
which has from1l to 8 carbon atons and i n which one or nore hydrogen
atons are replaced 5by at |east one of the groups -OH, -NH2, -NHCH3
and -N(CH3)2 and/or the carbon chain i £3interrupted at |east once by

an oxyger aber 467 adb 5 AP 2bd6Yd3586 QRPDIN £ 35BS 7TdnaMal debifspeabban
atons and in V\ﬁi:lf(: one. or qpre r'rjéé:lro en atons. are replaced bf)\é $t .
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process acc A ot , , east
e acti So. Sama SLoBt QincIRRH RN iy  MIBHEY BBt
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6. A process ) f g erein
| east orB abenapdnte HiARIOFRSS A reqeuerdig RUrdRCTAiICEGHt er nary amoni um i on,
where the quaternary amoniumion is one of the general formula 25
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I ndependent 6, yl group Ich has from1l to 8 carbon
atoms, or afedM&Mlr oup which has from1 to 8 carbon atoms and in
whi ch one or nore hydrogen atons are replaced by at |east one of the

groups -50H1. - NKRroceddHeHBaraRgring¥We@HR) 2liqarichiaturd dveneigihaniesdiang i s
35interrupted af, ydastiORGHNEF Wil 1N LARAMct ¥at BxPUriL Wnithlis flowed
through on its primary side by a liquid heat carrier and on its secondary side
simultaneously by the liquid mixture comprising at least one (meth)acrylic
monomer, wherein the liquid mixture comprising at least one (meth)acrylic
20 monomer comprises at least one added active compound other than
{meth)acrylic monomers from the group consisting of tertiary amings, the salts
formed from a tertiary amine and a Brensted acid, and quaternary ammonium
compounds, with the proviso that none of the tertiary and quaternary nitrogen
atoms in the at least one active compound bears a phenyl group but at least
25 some bear at least one alkyi group.

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

30 3. A process according o embodiment 1, wherein the at ieast one {meth)acrylic
monomer is at least one monomer from the group consisting of hydroxyethy!
acrylate, hydroxyethyl methacrylate, hydroxypropyl acrylate, hydroxypropyl
methacrylate, glycidy! acrylate, glycidyl methacrylate, methyl acrylate, methyl
methacrylate, n-butyl acrylate, iscbutyl acrylate, isobutyl methacrylate, n-butyl

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

4. A process according fo any of embodiments 1 to 3, wherein the at least one
active compound is a tertiary amine of the general formula
40
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group which has from1l to 8 carbon atons, or a cycloal kyl group which
has from It @p§ggas bon atons and in which one or PF 58735 25 nore
hydr ogen atons are replaced by at |east one of the groups -OH -N H2,
-NHCH3 and -N(CH3)2 and/or the cyclic carbon chain is interrupted at
| east once by an oxygen atom and 5R6, i%4dependently of R', R and
Rr, is an al kyl wgé,%up having from1l to 8 carbon atonms. 7. A process

according to an dinents 1 to 6 ere the
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wherein the fluid heat car rones by sn stygametoB013. A process according to
any of enbodinents 1 to 12, wherein the quuid m xture has been

wi t hdrawn from t he bott.o aratin conpri sing
separating int elohlﬁltr%es%tﬁ?ﬁu%ﬁatgﬁ'a Wae?'ﬁde?%ﬁq”ngeg ¥ating process, at
| east one stream conprising at | east one (neth) acryl i c mononer is fed
and at l1east, ong psdcesamcohirgto dhf blesnsbddmesnes T @B, aundrerothp bt 186 oak
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het er ogeneousl y cat al yzed gas phase partial oxidation PP 58735

6. A process 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 guaternary
ammonium ion is one of the general formula

- \®

25

where

30 R, R? and R¥ are each independently, and independently of R8, an alkyl
group which has from 1 io 8 carban atoms, or an alky! 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, -NHCHj3 and -N(CHg), 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



26 of a C3 precursor conpound to acrylic acid in a condensation

col um, andgtha-thernmal separating process is the stripping of the
acrylic acid fromthis bottom product. 5 Exanples and conparative
exanpl es Conparative exanple 1 An acrylic acid-conprising product gas
m xture was withdrawn from a two-stage 260het er ogeneously catal yzed

gas-phase partial oxidation,of \Ri0p¥H S0Rs bR Bk y Rfladh or@RgiHRUr €
acrylic acid was obtained as de§_§ %IM-A 18@%&58 nw .
2004/ 035514 by subj ecting iP5 ~Rts itlida SHAT: L8n A3 e Y he
crude acrylic acid w t hdr awarbenghain & idierdpiagailezst precaysaerkygelr iRy
according to the two af orempati oned docunents. 2600 kg/ h of bottons
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and had the follow ng conten a tenperature referred
to hereinafter as "condensat!PEFaRINERES | i quid"): 42.33 % by wt.
ofacrylic acid, 0.21 %by w. ofacetic acid, 0.88 'VG by w. ofwater,

97ppm by wt 7 of A‘Egﬁfd@b@a&%hﬂwg tIRATLIMBMdImNs { RraTIhdRVEE mdbr flbsioPy
wt. ofacrol ein, Qi 0% b%%&.. ofnproo§| osn%gqeam d, 0.24 %by wt.

of furfurals, 12 tbe ??S%\? ’Vea?cff u %}y ate lppm by wt. of ally’
formate,’90. 26 ppm by wt. of benzal dehyde, 6.27 ppmby wt. of maleic
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pht hal i ¢ anhydri - 20Q. On. i oV i Coaci t)
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15 9. A process according to any of embodiments 1 to 8, wherein the liquid mixture
comprises 2 0.5% by weight of its weight of the at least one (meth)acrylic
monomer.

20 10. Aprocess according to any of embodiments 1 to 9, wherein the temperature with
which the fiquid 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 celumn 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

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 siream 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



+ 0.20 % by w. of phenothiazine, 0.66 %by wt. of nmononethyl ether of
hydr oqui noner(Jds€) , 2.84 % by w. ofother high-boiling constituents,
and 2ppm by w. of nol ecul ar oxygen. A first portion of 1600 kg/h of
t he af orementi oned withdrawn bottons liquid was fed into 40 the | ower
portion of a stripping colum (nateri al2Bof manufacture = DIN 1.4571
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triangul ar Spimperafivelexmatect from hole center to hole center = 26 nm
(trays 1 to 4 fromthe bottom, 25.5 mm (trays 5 to B fromthe
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mm Their tq%%linaﬂmﬁor\@%a%gn BogbnidRYigwer e distributed unifornly
over the chimmey tray. The collecting tray 15 was configured in
single-wall formwith a 2 downward gradient and wwth a |ateral side
draw and draw stub ( DN42.33000 by Whet f r a&vkfeasicr oss section was appr ox.
30% 4940 nmm above t he o@per: Bogeobf bémicabidomey (cal cul ated w t hout

top), sigy tubes were H&gfpd gl i albyeri nto the col um through the
colum wal I, whose intefnal ?Pmeter S. 82 and whose wal |
thi ckness was 2.6 nm THe i RPPOYNEGTolP"BEFH% of the tubes 20 were

di stributed equidistantdy openbyhd di fcmeffiebvdace of the col um (angle
encl osed by two adj acentot ubesy wt. 60) . acrole, a di stance of 500 mm from

the inner wall of the éJrrg,d?Jdvygf of PF@B%n&'a?&dt“bes were curved

downward _and ended in a Cjircu € with an internal
di anet erfdf 25 2.5 incﬁ)e%"'. Thiy thh {Uiye¥had a length of 800 nm
reaching from the inneri2nal bpofbytiesfcelviaeryletedi al |y into the col um

interior. At a distance of 5?,9 bgmtfdfogmﬂf:mh@ner wal | of the col um,

it had a circul ar nozzl downward with an
i nternal 30di anet er of qez‘i? ?’i"t E%rﬁz%isd% “the end of the | engt h,

this tube had an additi%#al p@mrbdmrta?f AElt ahydide ce with an internal
di anet er3cof 1% i nches. 0 eemthyait dieaenzmfc ddwe acconpanyi ng spray

cone had a vector conpgngnt g ,lnr q\;te(g Rﬂ@ﬁéﬂarﬁmlﬁnd osed an angl e of
15 with the vertical t t#r/c ‘%{m SS ect(%on The six tubes were
supplied with the |iqui 8 r e P EORT of theiceas a8QRPri si ng
acrylic acid stripped f¥e¥, 88/ Whrth PP[&S(ﬁe'%iaCtrﬂkccﬁﬁgh the chi mey tray,
via a ring line which waz0 mouy et obut phetetttidmnecol urm and to which the
si x tubeg were attached, i@n%mﬁ of | qmoqomeﬁnpse%@mwrmoh@w@ﬂbvrm
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The length of the stripbi ngpeolbymm. ofnmodsicaler ofygen its | ower end up to
its upper gas outlet) was 35 260 mm

A first portion of 1600 kg/h of the aforementioned withdrawn bottoms liquid was fed into
40  the lower portion of a stripping column {material of manufacture = DIN 1.4571 stainless

steel) which comprised 50 dual-flow trays (trickle sieve trays) as separating internals.

The internal diameter of the stripping column over all dual-flow trays was a uniform



40 PF 58735 28 569 979 kg/ h of bottoms | i qui d, whose tenperature was
160C, were wi fawn fromthe bottomof the stripping colum and had
the followi nhg contents (referred to hereinafter as "stripping bottons
liquid'): 1.38 %by w. ofacrylic acid, 0.02 % by w. ofacetic acid,
0.18 I%by vvt of water, 9ppm by w. of 2form c acid, 50ppm by wt. of

acrol ein, Of aﬁ% d\mal ﬂoQ/ft a&é%k&&%g%&b%dn&a@@ ir§ hgﬁtr}ﬁ‘grngQEqu{nf Hrftﬁ"&as
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wt . of benzobithabbld ornﬁl:.e&(ar%dyyrevi/tfor a0fuptmenhio Ct:ﬁ@emydltfmdéoadmsw tiog ghyal-
w . ofdi anYHdJu@tréyfs' werdaGhach addmQhele dRaffenfénbbridbpor@ingab Hiietdliasisdri c

acid 0.92 %b ﬁﬁt’gngq f'%?ﬁ gk %rﬁé tB‘la‘lolezceﬁ%r /%Q%Mtraygfl VEiom e Bdttorty LY

wt. of ot erph const |
25. 5 mm ({rays 5 to 8 from the bottom) and 25 mm {trays 9 to 49 from the bottom) and

25.5 mm (tray 50 from the bottom)). The tray thickness was in each case 4 mm. The
lowermost of the dual-flow frays was mounted 7435 mm above the lower end of the
column. The siripping column was insulated thermally from the environment. Above the
10 last dual-flow tray, a chimney tray was mounted as a collecting fray. The upper edge of
the chimney of this collecting tray was 22 525 mm above the lower column end. The
chimneys were roofed and had an internal diameter of 316.7 mm and a height
(calculated up to the overflow height without the top) of 1030 mm. Their total number
was 12 and they were distributed uniformly over the chimney tray. The collecting tray
15 was configured in single-wall form with a 2° downward gradient and with a lateral side
draw and draw stub {DN ~ 200). The free gas cross section was approx. 30%.
4940 mm above the upper edge of the chimney (calculated without top), six tubes were
introduced radially into the column through the column wall, whose internal diameier
was 82 mm and whose wall thickness was 2.6 mm. The introduction points of the fubes
20  were distributed equidistantly over the circumference of the column (angle enclosed by
two adjacent tubes = 60°),

At a distance of 500 mm from the inner wall of the column, five of the six tubes were
curved downward and ended in a circular nozzle orifice with an internal diameter of
25 2.5inches.

The sixth tube had a length of 800 mm reaching from the inner wali 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 nozzie 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 to 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 aitached, 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 fo 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.



lppm by w. of nolecular oxygen. 25 By neans of a punp (wth

doubl e-acti Fp%%%é) ring seal according to DE-A 10228859, using a

wat er/glyco xture as the working fluid), the stripping bottons
liquid withdrawn was punped into a three-flow tube bundl e heat
transferer, through whose tubes it flowéd (secondary side). The outer
tube dianeter was 38 mm the wall 30 thickness of the tubes was 2 mm
The length of the tubes was 4800 mm and the total crl];unber of tubes was
234 (i n eachOHLLSHROLRGHEES i, BT [eERetA I aEs 39 C. TR WA fam
was 48 mm ( Be®obmaeiijhe sTippingybiumdrand dld Hgdokowing gootentsi (rfertaddo heat
transferer hyhRpaftéidsi-emEdinebsi®mswagiddi vi ded into 10 | ongitudi nal
sections.(segnents) by 9 deflecting disks (disk thickness: in each
case 5 ni) nounted between the tube plates (in which 35 the exchanger
tubes were secured). AN3% &l Wbl ng aGVé&k&here in principle
circular. The circle diteoget & bywwalsoiB59 amatic €0d,each of the circul ar
deflecting disks, howevers g half goon-ghaped circle segment had been
cut out, whose surface area vva(ss) S?H‘g% of .the total area, so as to
forma correspondi ng passagBT&Y W P8R Und t hese passages were
mount ed 1Pn al ternate arfd opposityetsticEssdsidn (ot herw se, the

defl ecting plates 40 wemse sepwimbgavtvift hrgealic agd,on t he vessel wall;
where heat transferer tydeso def, ing plates were
corresponding drillholes in't W%gfpl eg:turgﬁag' | ates). 1600 kg/h of
steam whose tenperatule at PPREYWH & UEL Q%ﬁ?ﬁ and whose inl et
pressure was PF 58735 129 20phay wtvir ellfidermate.t he space surroundi ng
the heatystransferer tubess Fha egntrof densdiéshyignd stri ppi ng bottons

liquid into the three-fJ]ouy ?/‘ggﬁlpggdl %Qggéna{g@gﬁ;er er were on the

sane side of the heat transferer. 5Onl /h of the heated
stripping bottonms |iquitBwni®e® ¥ 8ls (%,pz%aacp e three- flow tube
bundl e heat transferer 44d h%aby ehpkr atpith@liofntys8ée®, were recycled into
the stripping colum. THssobheywbdd. 9 dighhictabigr eof Wehagtea%gs&ed, and
sent to.esidue inciner t'onaai' d w ; h { &fic Hol .

Bet ween zltbhe outl et of t%édghgﬁa evaiHEsJFri \3%?%5%%%{0(%%@ iquid fromthe
three-flow tube bundl e h¥at 4 PaNsPer erPPSAGMERBEr eent ry 10poi nt of the
heat ed bottons |iquid i thieywt oi ppiMgH@ol umm, a perforated plate
was nounted. This ensurgdasyeyki BY Preusshic-tfing chHadiuepst 4am of the

perforated plate in flow direction, i rking pressure within
the stripping colums i1mdpg?1eqy§qugwg$]§%%£%5v$eghs liquid |l evel was

1. 75 barZd® The reentry of the heated stripping bottoms |iquid was
desi gned as By nesxmx iobd patop blith double-adti@vglipiring ecd| hecaniidgl toeD B 10R2B8ES,

stripping c 44 Aot i i war d
stripeing ;ag:gg{g wga;té?ﬁﬁygéigrg&ﬂu%nas AD B BirgtuRS RS Sl GRY MitaehsHaVD

tonms, |1 quid and ended ] ust abgve th
surt ace. | The EREPHESFOIPBUPFORLI IS T HOREN R RALEPBLE Y RiEhde?
ring of theldwaiifiawed beponsdanigide). The auirs tenertiametetwasisd makeaial doubl e
tube, the® StifitPRENG tRARIbEETaSE M. TAB 60U of testliessadhs 4800 Fith andvhe total
residual - gas, uhbGHaNE WaE 9 [ 8aliPiisR e tites RS AR b Ao HOT M Tbe W
had been co regse Dgt? e[.rbam : c%/ﬁ(‘:ﬁle gaci tﬁjo a_vor kg n
pressure of WESGOEAP ((RPtHYt HE HINFr6r SRAeRFHTOER P qgatdsan SW%FLg’ggor )
and had a t éprpeanasidelevasf dividg®iintol 0dongituding! seetione Beewediskiy hdeflestingad
the fol | ow rgks aidkanitEiess:On 88:h%aby 5Wim) raduntal behieenabé tlibe plates (in which
35 the exchanger tubes were secured). All 9 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



0.10 % by w. of acetic acid, 3.06 c¢c'70 by w. of water, 62 ppm by
wt. of formpggesel, 0.17 % by wt. of acrolein, 3 ppmby w. of
.propionic acid, 2 ppmby w. of furfurals, 13 ppmby w. of ally’
formate, 4.72 % by wt, of nolecul ar oxyz%en,

20 bar, were fed to the space surrounding the heat transferer tubes. The entry of steam
and stripping bottoms liquid into the three-flow tube bundle heat transferer were on the
same side of the heat transferer,

5  Only 569 408 kg/h of the heated stripping bottoms liquid which flows out of the three-
flow tube bundle heat fransferer with a temperature of 165°C were recycled into the
stripping column. The other 570.9 kg/h thereof were degassed, and sent to residue
incineration diluted with 79.1 kg/h of methanol. Between the outlet of the heated
stripping bottoms liquid from the three-flow tube bundle heat transferer and the reentry

10 point of the heated bottoms liquid inte the stripping column, a perforated plate was
mounted. This ensured a working pressure of 3 bar upstream of the perforated plate in
flow direction, while the working pressure within the stripping columns immediately
above the bottoms liquid level was 1.75 bar. The reentry of the heated stripping
bottoms liquid was designed as a coaxial double tube drawn into the middle of the

15  stripping column cross section, where it pointed curving downward toward the levei of
the hottoms liquid and ended just above the surface. The superheated bottoms liguid
was conducted in the outer ring of the coaxial double tube; in the center of the coaxial
double tube, the stripping gas was simultaneously metered in. This was residual gas
withdrawn from the top of the condensation column, which had been compressed

20  (together with cycle gas) to a working pressure of 2.9 bar (with the aid of a multistage
radial compressor) and had a temperature of 160°C. lts amount was 28 863.8 kg/h. It
had the following contents:

0.28 % by wt. of acrylic acid,
25 0.10 % bywi of acetic acid,
3.06 % bywt of waier,
62 ppm by wt. of formic acid,
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,
4.72 % by wt. of molecular oxygen,
211 % bywt, of carbon dioxide,
0.69 % bywt of carbon monoxide,
35 0.65 9% bywt of propane,
0.32 % by wt. of propylene, and
87.90 % bywt. 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



2.11 % by wt. of carbon dioxide, 0.69 %by w. of carbon nonoxide,

0. 65 % by wpF sgf3gropane, 0.32 % by w. of propylene, and 87.90 % by
wt. of nolecular nitrogen. 147 877.1 kg/ h of condensate were

wi t hdrawn fromthe collecting tray (chimmey tray) and had a
tenperature of 65C. PF 58735 30 afor ersént i oned anount of condensate
wi t hdr awn. é@reh?&mtn&d@wdmwfoﬂch@derneatulvmhmgwhj TRH 78 .57kgMh o tRe resbitiod lidiadl a

Lgmﬁ;aggr (ra e?{t aéi %@ﬁ%@raﬁﬁgof Eﬁ@ﬁr& a{bS?é/ £3° %dgéﬂétrg%ﬁcféﬁ u?c% fPPI N9
upper nost dﬁféPp”FQ B‘WW? g5 refigx feppd helw Bgih mngy Eféy. upgermost dual-

di stri but orflewisey.desi gned as a continuous circle (rmunt ed centered
and horlgontally in the colum, i.e. parallel to the colum cross

section) wa osed 7 t_.dual y, and
the refl ux FI u‘? oG ?fi%yg‘g]gr gg\éﬁ%ﬁ'r tr‘#gg% &%EI %e ntnﬁdoﬁ@’tch{el@c' rcle
was 1870 mqt’(ﬁ‘@dé@ﬂ geandherigRniiireihe 6pIUnA. & plalelARNg SOMMETessd t he
i nt ernal di sentiberwasfdidpbeed Titdemmabodbthemppermost dual-flow tray, and the reflux

liquid was fed to it. The internal diameter of the circle was 1870 mm. The external

10 diarmeter of the tube was 33.7 mm and the internal diameter of the tube was 25 mm.

The distributor tube designed in circular form had 21 hole orifices whose internal
diameter was 5 mm. Every second orifice was directed to the underside of the chimney
tray in order to keep it moist with reflux liquid. The central jet from the upper half of the
15  orifices pointed at an angle of 45° {relative to the vertical to the column cross section)
haif downward into the middle of the column and half downward o the column wall.

In addition, on the circumference of the distributor tube in circular form, three precision
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 vaives 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 |t had the following contents:

89.25 % by wt. of  acrylic acid,
072 % bywt. of acetic acid,
543 % bywt, of water,
30 0.02 % bywt of formic acid,
0.04 % by wt.of acrolein,
0.03 % by wt. of propionic acid,
0.06 % bywt. of furfurals,
7 ppm by wi. of allyl acrylate,
35 23 ppm by wt. of allyl formate,
0.03 % by wt. of benzaldehyde,
0.63 % bywt. of maleic anhydride,
0.06 % bywt.of benzoic acid,
0.07 % by wt. of phthalic anhydride,
40 154 %bywt.of diacrylicacid |
1.83 % bywt.of polyacrylic acid
0.02 % bywt. of phenothiazine,

Michael adducts,



The distributer tube designed in circular formhad 21 hole orifices
whose i nter pplsggdsaneter was 5 mm Every second orifice was directed
to the underside of the chimey tray in order to keep it noist with
reflux liquid. The central jet fromthe upper half of the 15orifices
poi nted at an angle of 45 (relative to3lhe vertical to the col um
cross section) half dowmsarsdoywt af t heElmQddl e of the colum and hal f

downward to the col um gwgl lo, b#@t_g\ddi R RighMithy Borttifuektaf erence of the

di stributor tube in circular Tor three preci sion et tubes (length
= 200 mm external di afet ePP2 % Wit qt ri‘f@ﬁé{iOﬁ‘aﬁa%SE'@F”*é'%f‘ wer e
20mount ed i n uni f or m di18t r ipbuthyort. fendeaddrmgyaen. angl e of 120) and
pointingsradially outward. The outlet fromthe precision jet tubes

pas di rect eqyd AYRE PR 705 AP AIAMRLE RadiREieRBolaf bbcP el e
ed to the col um. e reflu i qui d was eqdj,to e eﬁr tin
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anhydride, 0.06 % by wt. of benzoic acid, 0.07 %by w. of phthalic
anhydri de, ﬂ\%‘xegép %ttbé’g&‘%mn.%b 895 % drGcRfd Shidka8éh HiHindas Wire .
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15  following contents:
6.72 % bywt of acrylic acid,
0.11 %bywt of acelic 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  ppmbywt of furfurals,
1 ppm by wt. of aliyl acrylate,
25 12 ppm by wi. of allyl formate,
10  ppm by wt. of benzaldehyde,
0.01 % bywiof maleic anhydride,
4.41 %bywi of molecular oxygen,
1.98 % bywt. of carbon dioxide,
30 0.685 %bywt of carbon monoxide,
0.60 % bywt of propane,
0.29 %bywt of propylene, and
82.13 % bywt. of  molecular nitrogen.
It was recycled in its entirety (not immersed) inio 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  on their inner surface.



0.21 % by w. of-other high-boiling constituents, 6lppmby w. of

ot her hi gh-ppish4)y constituents, and 13ppm by wt. of nol ecul ar
.oxygen. 5 The remaining 135 703.6 kg/h of the liquid m xture having a
tenperature of 60C were conducted through a spiral heat exchanger
cooled (in countercurrent) with water @gntry tenperature = 200),

whi ch cool e, \Bgarife@dpie 270r the purpose of the direct cooling of
the acrylic acid-laden stripping gas ascending in the colum through

the chimey 10tray, the total amunt of the liquid mxture thus
cool ed i ndi FeeiBEicompamivagxamilanwes eReated pxospt that thopiaring etvmgHicte
doubl e ri ngwhdiwnh DovhGie eging dd@ehn Aimgribed, bagedodn itsheeigho| 1itrby walghB8&9. 0
kg/ h of acryhis %‘Fﬂa‘é@b???&‘%%cﬂ&%iﬁg@).gas wer e conducted out,

. ar a

whi ch had a pressure o a tenperature of 60C and the
15fol l owi ng contents: 6.72 % by w. ofacrylic acid, 0.11 % by w.

of aceti ¢ aciuis altvgg ibe bgeraiing tiofatabeprol@@ppin tHdays. of forni c acid,
201ppm by wt. of formal dehyde, 0.16 % by w. ofacrolein, 22ppm by w.

of propi oni éf%&%&i\ﬁ%&@ﬁeﬁ/ wt. of furfurals, 1ppmby wt. of ally!

acrylate, 2 m ally' formate, 10ppm by wt. of
benzal ddByde, 0.01 % by wt. ofmal eic anhydride, 4.41 %by wt.
of nol ecul ar Thx frgesompbrai8e exmplavs.repdfatsal; BaepthahelstripBaDb@®MRligyidnt .

of carbon mMORAKdEE from the stripping column comprises, based on its weight, 1% by weight of
an added propylene oxide/ethylene oxide block polymer [(EQ)(PO)s(EO)y, x + v = §]
according to EP-A 1 062 197,
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 fo 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



0.60 A by wt. ofpropane, 0.29 % by w. ofpropyl ene, and 82.13 % by
wt. of nol ecyd ag743i t rogen. It was recycled inits entirety (not
i mersed) into the bottomregion of the condensation 35 colum. After
an operating tinme of 4 days, the above-descri bed operation had to be
st opped owi ng to the extent of fouling3®hich occurred in the tubes of
the tube bundle, heat transferer, in order to clean the heat
transferer tubes to free themof the solid deposits 40on their inner
surface. PF 58735 32 Conparative exanple 2 The first conparative
exanpl e wastikeie first gxanxde prcaph et tha@cierdopyowry! b atetiasning qui d
wi t hdrawn fromthe stripping colum conprised, based on its weight,
1% by wei ght of 5 added Komade 313HfrorH,Mol (Hungary). This all owed
the operating tinme to be prol ongedcto X3 days. Conparative exanple 3
10 The first conparative exanpl s r'prea‘t:'éd, except that the
stripping bottonms |iquid wthdrawn fjrromthe stripping col um
conpri ses, based on its weight, 1% by i.ght of an added propyl ene
oxi de/ ethyl ene oxi de bl ock pol ymer REO)4P0)56(EQ)y, x y = 8]
according to EP-A 1 062 197, 15This allows the operating tinme to be
prol onged t thelapegaiipg limBxanpe erolormpe ta2& daysconpar at i ve exanple is
repeated, except that the stripping bottons liquid 20 withdrawn from
the strippipg colym conprises, based on its weight, 1% by weight of
t he added active conpound pent anet hyl di et hyl enetri am ne: CH3CH H2H2I
3 H3CCN

Like the first example, except that the active compound is N-ethyl-N,N-

diisopropylamine;

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’-tetramethyl-
hexanediamine:

25 The operating time can be prolonged o 27 days.
Example 6

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



H2 LH2 is 25 This allows the operating tine to be prolonged to 29
days. Exanpkg 53735 Li ke the first exanple, except that the active
conpound is NNN,N,N -tetranethyl-1,3- 30 propanedi am ne: CH3CH3 | H2I
H3CCCCH3 H2H2 The operati ng time can be prolonged to 29 days. PF
58735 33 Exanple 3 Like the first exanpte, except that the active
compound is triethylanne: HHZHEC CH3 I" CH3 The operating tinme
can be prolonged to 28 days. arrplée2 4N§1 he first exanple, except
that the active conpound |SCIJN-/et\mff N \T@/oproﬁyl amine: CH1 3CHI 3
,C, H-N H-CH3

The operating time can be prolonged to 27 days.
5 Example7?

Like the first example, except that the active compound is 1-methylimidazole:

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 o 29 days.

Example 11

30 Like the first example, except that the active compound is 1-ethyi-3-methylimidazolium
acetaie. 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.



CH3 /CH2 GH3 15 The operating tinme can be prolonged to 28 days.

Exanpl e 5 2Pkiskead he first exanple, except that the active conpound
A4s NN, N, N -tetranet hyl - hexanedi am ne: CH3 | H2H2H2 CF13 CH319122N
CH3 25 The operating tine can be prolonged to 27 days. Exanple 6 PF
58735 34 CHCH, 3H2H2I - 2\1., CH30CH3H§E|2 The operating time can be

prol onged t gxgdnidays.

Like the first example, except that the active compound is tetramethylammonium
hydroxide. The operating time can be prolonged to 28 days.

5
Example 14
Like the first example, except that the active compound is tetramethylammonium
chloride. The operating time can be prolonged to 27 days.
10
Example 15
Like the first example, except that the active compound is 1-ethyl-3-methylimidazolium
chloride. The operating time can be prolonged to 26 days.
15

Example 16

Like the first example, except that the stripping bottoms fiquid 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.



5 Exanple 7 Like the~first exanple, except that the active conpound
I's 1-nmethylimdazole: 10 The operating tine can be prolonged to 26
days. Exanple 8 15Like the first exanple, except that the active
conmpound i s N, N-di met hyl cycl ohexyl - aggne. The operating tinme can be
prol onged to 25 days. Exanple 9 20 Like the first exanple, except
that the active conmpound is tetranethyl ammoni um acetate. The

oper ati ngCleimee can be prol onged to 29 days. Exanple 10 25Li ke the
first exanple, except that the active compound is

1-ethyl -3-nmethyl i m dazolium acryl ate. The operating tinme can be

prol onged!.t o 29pmegss. foExensferinglieaBld fked mhdure comprisnddiiéast or cept

that the e. The
oper at i ng T HECH YT o s 96 BYon, s Ria b ihgel WA BTBIELE, |
first exdhfsiugh oeﬂ&émawwﬁe ttyweﬂ%h@ai@aﬁf@ﬁmﬁmﬂﬁ ggcondary side

1- butyl I |
pr ol ongegs rﬂﬁﬁemébbéf} g)a%QSEHrSH]S%%? %&g@p&ge% %g%&%l(ﬁgﬁ)?}dgﬁ?%ﬁ%£anpl e,

except that t H'é"ea@[‘ ihﬁé‘%ﬁ%ﬁﬁéoméﬂsﬂ‘&?té??é’i oA EIRYHATHIA YR de. The
oper at i NG:dnidfBes AR o QHRRAREVE Sontfbui@¥ther than (meth)acrylic monomers from

the group consisting of tertiary amines, the salts formed from a tertiary amine and a
Brensted acid, and quaternary ammonium compounds, with the proviso that none of the
tertiary and quaternary nitrogen atoms in the at least one active compound bears a
phenyl group but at least one of the tertiary and quaternary nitrogen atoms in the at least

one active compound bears at least one alkyl group.

2. The process according to claim 1, wherein the at least one (meth)acrylic

monomer is acrylic acid and/or methacrylic acid.

3 The process according to claim 1, wherein the at least one (meth)acrylic
monomer is at least one monomer from the group consisting of hydroxyethyl acrylate,
hydroxyethyl methacrylate, hydroxypropyl acrylate, hydroxypropyl methacrylate, glycidyl
acrylate, glycidyl methacrylate, methyl acrylate, methyl methacrylate, n-butyl acrylate,
isobutyl acrylate, isobutyl methacrylate, n-butyl methacrylate, tert-butyl acrylate, tert-
butyl methacrylate, ethyl acrylate, ethyl methacrylate, 2-ethylhexyl acrylate and 2-
ethylhexyl methacrylate.

4, The process according to any of claims 1 to 3, wherein the at [east one active

compound is a tertiary amine of the general formula

R‘*—$— R3*
R%*



Exanpl e 14 Like the first exanple, except that the active conpound is
t et ramet hyl anmoni um chl ori de. The operating tinme can be prolonged to
27 days. Exanple 15 Like the first exanple, except that the active
conmpound is 1l-ethyl-3-nmethylimdazolisgmchloride. The operating tine
can be prolonged to 26 days. Exanple 16 Like the first exanple,

except that the stripping bottonms |iquid also conprises an added

0.3% by wei ght of Komad(r) in addition to the

pentanetgy diethylenetriam ne. This 20allows the operating time to be
prolonged to 34 days. The inventive procedure ensures an increased

space-ti e et BT awcqaghindenendenteam ok aremudieh bas feam h ig 8 pabemt
Appl i cat i 9&mNayr aﬁ%k@l@ro@ggﬁh;cfﬁ hé@ﬁoﬁk% 18 3-caHRG. atdn$s LR W\Wh@)tn%%r LY

the present patent application erature reference. egard

to the abbdEseneioere eIyt éaa%xewﬁ*waﬁ*@er@%ﬁﬁwéwaﬁ from

the pr ese«ﬂ.‘(C}H{]yﬁm{érQﬁ‘e BdrBorP& i @hrﬂerrtﬁﬁte@éﬂeé%@ﬁ@ W&ﬁ] cb@géﬁ%ﬁf@r 4 hat
the invention thin the scope of the ar pended cl ai nms, can

per f or o PYAPPY R hist A 1o T4 CHOSE AICBSRNS0R BEN PrE AT W%fﬁ&igﬁn
36 d ai meatorhs afé RpIREESSy 4tQEast bieN6TtRE Giolgs HEat- N'HQ BIHU—H lafld gwo@?ﬂrz
conprisin east one a noner the aid of a

il eot SR RGP LIRS R BUGIPYGR PPETER PPy Sre
by a fl uighitheaticrcatettiagy araind 200 aiBrensecandary si de sinul t aneously by
the fluid m xture conprising at |east one (neth)acrylic nonomer,
wherein the fluid m xture conprising at |east one (neth)acrylic
nmononer chnpr i Bepratesk eamrdlogle) ayad diaaet 1 toe3, adwpeiuihe abtehetorelagtive
(meth)acrylic t f ' ] :
the salt sé/ rLrlengls AT n%gtl 4 e&ﬂ‘lisl@ag)lé)\%ﬁlcﬁgg@egt%}lgfro% lndlﬁét t!’l@ﬁydrg@nncﬁ'?
quat er nartpe aitrogen tmrthe@meluwsas mmhemlh@dmymm aiy! gioap RidadnofromKeo 8
tertiary [

compound gy HBRERRAEY g ridERIR R L A Ratie A po R R BTReE RS
quat er naryitan alsgereuptRSaving fiome! t9t8 tasbet ateme. acti ve conpound bears
at |east one alkyl group. 2. The process according to claiml,
wherein the at_| east one (nmeth)acrylic nononmer is acrylic acid and/or

net hacr yl §.c acihg pProgess pReorfing ey A slaimgi yS tierdiathg 2t leaghieaichive he

at | east QpenduRBidthaGAYbi £qRIRAR ninforfim |oRawhero it GIRSARY afintdRidnhe
group consi sting of hydroxyethyl acrylate, hydroxyethyl met hacryl ate,

hydr oxypr 6pyA OWW%Q%’er%%WH%ypr opyl nethacrylate, glycidyl
acrylate, glycidyl nethacrylate, nmethyl acrylate, nethyl

nmet hacryl ate, n-butyl acrylate, isobutyl acrylate, isobutyl

met hacryl ate, n-butyl nethacryfate, gért-b | acrylate, tertbutyl
nmet hacryl ate, ethyl acryl ate, fethyl t hacryl ate, 2-ethyl hexyl
aciylate and 2- ethyl hexyl nmethaorylgte.p#. [The process according to
any of clainms 1 to 3, whereinithe at Ieast ne active conpound is a
tertiary am ne of the general \fornmnul 37 ere

where

R"”, R? and R are each independently, and independently of R®, an alky! 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,
-NH,, -NHCH3 and -N(CHj3), 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

group which has from 1 to 8 carbon atoms and in which one or more hydrogen atoms



R1*, R2* and Rr are each independently an al kyl group which has from
1 to 8 carbon atonms, or an al kyl group which has from1 to 8 carbon
atons and in which one or nore hydrogen atons are replaced by at

| east one of the groups -OH, -NH2, -NBEH3 and -N(CH3)2 and/or the
carbon chain is interrupted at | east once by an oxygen atom or a
cycl oal kyl group which has from1l to 8 carbon atons and in which one
or nore rArereRiened by Giieasiranerct flegreupsPHatNite ¥TCdndoN(Eiia: gidhuie

- OH, - NHZyend\ehEh @ is N&&M?ple% AMHPEndey Vb déh Aanbamy chain is

i nterrupt ed at_|east once oxy%{e atom or is the salt of such a
tertiary ani Nk’ aW@ie%\erﬂﬁﬂtﬂVsﬁf dR’gis al'h%"%ﬂ(?(‘:‘%‘@"'ﬁ%%‘i“d“ﬁ& ®EPANy
of cl ai megtdmE0 3, wherein the at | east one active conpound is a
derivative of 1,3-diazole which derives therefromin that the
hydrogen on the nitrogen in the 1-position has been replaced by an

al kyl gropp RérHeprbdrgs beeiRlidg toci@mCaibersirthe Molaedse of thatat ikt @gen  of
the 1,3-diazole in the 3-position has been al kylated with an al kyl
group R5 VR AYMPILHIS = ?%’g8 carbon atons. 6. The process according
to any of clains 1 to 3, wherein the at Ieast one active conpound is

the salt pof a gquaternary ammp ion e e uat er nar ammnl um
ion is one of -ﬂﬁeora%eﬁéraé?or?@? Fﬂ.l‘fLf P“(hﬂe)m th rﬂ@’f‘-’\’?‘* Wher e
R1*, R2* aduttioRrof v Ge@icth 10PRpesigietrf Itgfwe@hdoﬂtmujapmsdem hqtlvefconﬁﬁourain
al kyl group which has from1l to 8 carbon atons, or an al kyl group
whi ch has from1l to 8 carbon atons and in which one or nore hydrogen
at ons ar e9.r epl Hegdodnss atcdrding to daimn hfwhehsn thediujgsnixiOrg comgFzes ZNHCH3
and - N( L0 S at | east once by
- oxygerDarEaR R wkldft G Bl BhOchanloBRE FURMEE ™ 1575 car bon
atons, or a cycloal kyl group which has from1 to 8 carbon atons and

in which ae thctﬂj'?%@esg%géc?&m&ﬂﬁ \n%%re?r‘f ﬁ‘lert@rﬁb&ﬁt%?e Rivh Rbich 8RtuiPNe

of the groné) % /or the cyclic carbon
chain is m Leemmfememdwped@et@ﬁbengwISafW% 9§ef?50a@om and R6,

i ndependently of RP, Rr and R3*, is an alkyl group having from1 to 8
carbon atons. _7. The process accordl ng to claiml, wherein the nolar
mass of the atTneeFaefeSéﬁéC%{ew%de%&maem bhedrstiget Hegt SERENG fra ke
a]ec]?r di ngb%r%gfm@igg}ﬁsger@he_rehtn tpe_ II ui d mh?t u][ et (r:]orrpp ises ?n addi tion
o] rom 0. o] o by wei g of its weig o] e at | east one
active conpound. 9. The process according to claim1l, wherein the
fluid mxtiaur e Tembiaeackydng tgeltinof, wHeseiniegintd tafat tdrgerds steeast one
(meth)acrylic nononer. 10. The process according to claim1, wherein
the tenperature with which the fluid mxture | eaves the indirect heat
exchanger13.s fThEprbCess@cd50i6g to ddim TIZMemnmtt'es‘mokammmrejhar@aeo vgihdiaminl
12 The plSBUREbAERLya BB PLRRD el o e R bR T
is steam theasal se’bmamgauee@samwsuomﬂgstteenmmmsmg aleestaing (mith)ddrdicd
compr 1 o1 neLanee fd el & B St B s g
process, oie (eaipacytiemengreeis widiawsi ng at | east one (neth)acrylic
nmononer is fed and at | east one stream which differs therefrom and

conprises at |east one (neth)acrylic nononer is wthdra

The

process adtor diyPreeessagreriing fo glaiet £ wherrin thedivig "F‘r‘i‘f%f%la’éer ’%ﬁ“‘d'@rthe
| eavi ng tM@lrédi‘ﬂe&t%%Ehé?%@F iLPRETANGRI0 the §eﬂa@é?ch‘a lsg@ninnt 0 the separating
col um. . The process according to claim 13 or 14, wherein the at
| east one st reamfed in is the acrylic acid-conprising bottom product
of a fractsonathepoeenrsatbrginged clbihﬂ$6m%el@&ﬁth€iat<lte!;§t%n@fstréam fed in
het erogeneouslél cata (Jé/zed sb Pthase arti a}J ? ation c% a %3
precur sor 8 the acrylic acid-Compris ottom product of a fractional condensation of the product

gas mixture of a heterogeneously catalyzed gas phase partial oxidation of a C; precursor



39 conpound to acrylic acid in a condensation colum, and the thermnal
separating process is the stripping of the acrylic acid fromthis
bott om product.

39

compound to acrylic acid in a condensation column, and the thermal separating process

is the stripping of the acrylic acid from this bottom product.



