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(petdh)acrylic acid as the main conponent 5 The present invention rel ates:
to a process for the continuous distillative separation of liquid

m xtures which contain (meth)acrylic acid as the main conponent, in a
distillation apparatus whi ch conprises a still, a condenser and a

connecti on conthftveenasditillaridec sagarstion vk N giiChRikberds qitidhnesvhur e
to be 10 serahal pHlets &&{}}n@%&hy abCthe main (Mpigohagty!ic acid is used as
an abbrevi ation and s an

5 The present invention relates to a process for the continuous

distillative separation of liquid mixtures which contain
" (meth)acrylic acid as the main component, in a distillation
* apparatus which comprises a still, a condenser and a connection
between still and condenser and to which the liquid mixture to be
10 separated is continuously fed.

(Meth)acrylic acid is used as an abbreviation and stands for
acrylic acid or methacrylic acid. (Meth)acrylic acid, either as
such or in the form of its esters, is important in particular for

15 the preparation of polymers for a very wide range of uses, for
example for use as adhesives, and has a high tendency to polymer-
ize, especially in the liquid state. -Safe storage of essentially
pure liquid (meth)acrylic acid is possible only with the addition
of polymerization inhibitor, even at lower temperatures.

20 :

(Meth)acrylic acid is obtainable, inter alia, by catalytic gas-—
phase oxidation of alkanes, alkanols, alkenes or alkenals which
contain 3 or 4 carbon atoms. (Meth)acrylic acid is particularly
advantageously obtainable, for example, by catalytic gas—phase
25 oxidation of propene, acrolein, tert-~butanocl, isobutene, isobu-

tane, isobutyraldehyde or methacrolein.

However, other possible starting compounds are those from which
the actual C3/C; starting compound is first formed as an inter-
30 mediate during the gas—-phase oxidation. An example is the methyl

ether of tert-butanol.

These starting gases, as a rule diluted with inert gases, such as

nitrogen, CO;, saturated hydrocarbons and/or steam, are passed, as
35 a mixture with oxygen, over transition metal (eg. Mo-, V-, W-

and/or Fe—containing) mixed oxide catalysts at elevated tempera-

tures (usually from 200 to 400°C) and under atmospheric or super-

atmospheric pressure and are converted by oxidation into

(meth)acrylic acid (cf. for example DE-A 44 05 059, EP~A 253 409,
40 EP-A 92 097, DE-A 44 31 949). '

Owing to the many parallel and secondary reactions which take

place in the course of the catalytic gas-phase oxidation and

because of the inert diluent gases to be concomitantly used, how-
45 ever, the resulting product is not pure (meth)acrylic acid but a

) réfff§on mixture mhich~¢%qu3EErbuLtlb S:meth)acrylzc acid,
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acryllc acid or nethacrylic acid. (N@th)acryllc acid, either as such or
in the formof its esters, is.inportant in partlcular for 15 the
preparation of polyners for a very w de,range of uses, for exanpl e for
use as adhesives, and _has a high tenden%y to yner - i ze, especially in

the |iquid $hgt énecki d1lyent, eses ardRyPEed ts' e P’Pﬁﬁ?dt’(?ret hyacrylic
acid is posqmeith)erkylif tarichoustdbei saparated pfifisneri zati on inhibitor,
even at |ower tenperatures. 20 (N@th)acryllc acid i s obtainable, i nt er

alia, by Catr@xleyt(hﬁtﬁﬁl§crylldﬂk%3ﬁ 9% da3hh Py Ofe i MRS Fromkane! feaciiiieanes or
al kenal s %ﬁg}&gtugavagté*&ac é[%a%j:ﬁf%@i (M%EH%:SS ryié Cagckdfhie the

particul a S ] exa
gas- phase 25”8%?63FF8%1% ai?cﬁ%ﬁ?% gg?dﬂ%quqs t5ﬁ3°t1°n

i sobu- t g8s, misﬁgnew@%gaé-ehamtmmﬂlenn mto a Hpuktable abaerbent.
possi bl e st sepapgtionpofintis abscrbate by odistiklationt khenctswdlly gives a

Cerr]/Cer e]ruaaaméeﬂ) m%nelcb.a fffé:ﬁ Jxﬁrdm@ §§ra lﬁ)ra'cr%@.iﬁ”eﬂbiia Gis
during the %@&;ﬂ ﬁ?rg%%;} c.J 91” &&{ stﬁ hes yaf
S t d%ses

tert - but ano i ner

artln a Ieég
such as rpriBReRtaeesy c(S9-, D §ﬁ d@gfb are
passed, -as B8tenfi 2Lu3® W&h D@x@géﬁ °6v@e$ rERrdt t396n4ﬁ§t am’ % 1'4\/6~46,v- W
EP-B 102 642, British Patent 1 346 737 and DE-B 2 207 184).

15 As a rule, the crude (meth)acrylic acid has a purity of > 95,
. frequently > 97, % by weight, the impurities comprising in
. particular lower aldehydes (eg. formaldehyde, acetaldehyde, acro-
lein, methacrolein, propionaldehyde, n-butyraldehyde, benzalde-~
hyde, furfural or crotonaldehyde), water, lower alkanecarboxylic
20 acids (eg. acetic acid and propionic acid) and anhydrides of
'~ alkanecarboxylic acids (eg. maleic anhydride). In contrast to the
crude (meth)acrylic acid; the purity of the pure (meth)acrylic
acid is usually > 98, frequently > 99, % by weight.

25 The problem of the distillative separation of liguid mixtures
which contain (meth)acrylic acid as the main component (eg. > 95%
by weight) is thus sufficiently well known.

Usually, the distillate of separation is carried out continuocusly
30 in a distillation apparatus which comprises a still, a condenser
and a connection between still and condenser and to which the

liguid mixture to be separated is continuously fed.

An integral part of the still is usually an evaporator which

35 transfers the energy required for evaporation indirectly via
heated heat exchange surfaces to the liquid mixture to be sepa-
rated by distillatioen.

The problem with the distillative separation of liguid mixtures
40 which contain (meth)acrylic acid as the main component is that,
regardless of whether the (meth)acrylic acid is separated off via
the top or via the bottom, as a rule polymer formation occurs
during the distillative separation, even in the presence of poly-
merization inhibitors, such as air, hydroguinone, hydroguinone
45 monomethyl ether, paranitrosophenol, paramethoxyphenol and/or
phenothiazine, owing to the high evaporation temperatures re-
guired even at reduced pressure, said polymer formation causing
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(usual ly from 200 to-400[err]C) and under atnospheric or super-
at nospheric pressure and are converted py oxidation into (meth)acrylic
acid (cf. for exanple DE-A 44 05 059, - A 253 409, 40 EP-A 92 097, DE-A 44
31 949). rebacihyely raeidmeptiagarfel inrpratdesiaz,ythekeat exchisnge t ake
pl ace in t heuedaceaecodf thdeevapioalagbre Dabs phrsibimsi,ddhten alihk, thechause of
the inert dichgBkefased FdudtdsCRRGOSVASHEL tort! TREToRBMNcd) ) thd he
resul ting pLaguehabs ”ci’:‘[ &5{1%4‘%? H&waﬁéfefgﬁied pRY nferruf G L AR Tighure
whi ch-contalis eegent i Al (e LAty 1 € A s cutar wi
g (in particular with the use of
tube—-bundle heat exchangers which may be completely blocked as a
result of the coating; the literature (for example, EP-A 648 520
‘ and EP-A 616 998) therefore recommends nondistillative methods
for the purification of crude (meth)acrylic acid).
10
It is an object of the present invention to provide a novel
process for the continuous distillative separation of liquid mix-
tures which contain (meth)acrylic acid as the main component, in
a distillation apparatus which comprises a still, a condenser and
15 a connection between still and condenser and to which the liﬁuid
mixture to be separated is continuously fed, in which process the
problem of coating of the evaporator surface is present to a

reduced extent.

20 We have found that this object is achieved by a process for. the
continuous distillative separation of liquid mixtures which con-
tain (meth)acrylic acid as the main component, in a distillation
apparatus which comprises a still, a condenser and a connection
between still and condenser and to which the liguid mixture to be

25 separatéd is continuously fed, wherein at least some (as a rule
at least 50%, frequently at least 75%, particularly preferably at
least 100%) of the energy reguired for evaporation of the liquid
mixture is supplied to the distillation apparatus by a procedure
in which a fraction of the liquid content present at a pressure Py

30 in the still is continuously removed, said fraction is heated to
a temperature Ty. at a pressure Py above Py, with the proviso that
Ty, is above the boiling point Ty, associated with the pressure
Px, and below the boiling point Ty, associated with the pressure
Py, of the liquid content of the still, and that fraction of the

35 still liquid which has been removed and superheated in this
manner based on the pressure Py is then recycled to the distilla-
tion apparatus while letting down the pressure. '

As further prior art, it is possible to start from the use of

40 forced-circulation flash evaporation for reducing the incrusta-~
tion on evaporator surfaces in the evaporation of mixtures in
which there is increasing deposition of solids with increasing
-concentration (for example, Verdampfertechnik by Reinhard Billet,
Hochschultaschenbiicher Verlag, Bibliographisches Institut-

45 Mannheim (1965), page 146 et seq., and Perry‘’s Chemical Engineers
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(neth)acrylic acid nust be separated off. - The (nmeth)acrylic acid is
usual ly separated fromthe reaction 5 nlxture by extraction and
distiliation methods, ie. as a rule the4 (meth)acrylic acid formed is

initially taHandlu:polf..r Ehxtthhe Bddgdon prMcGrawy®dldi Book eCariparnye (J&84phase

oxi dati on |n§ &@s S11 1132 ,alpeatbeninsfer).Separation of the absorbate by
distillation then usually gives a crude (meth)acrylic acid, from which

a pure (neth)acr I|c Ci gaen uced passage_t hrough '
Turther o g frTare. 48 g psstntisl] e éeqé% PaIVeEE e F3E10Rsb0n8 iy o6
243, Germafl t ezifl?ee§9ﬁse cgd7cippelation £3sshrpvapqua-

146, EP- Bt-'l@Q i1 thay jthies hepdem le Jreth3ZzcaptiPORE D R0 polgnerizd5 As
arule, the £ﬁméé§3tvh)t&Cﬁnbtéae£thgi temperapure] ywitéréadd The sollubfjueey |yt >
?Zg ‘%]1 2%\:2?'(1 Mzs%aarmuta i 5hé§e£§§mc Wi%hnﬂhéntem m&(ﬁkgn@mm'&e%@%
pr opi onal ehgmpe?y'bgtee k’ﬁ§gé§§ehg {ﬂ’zqal dSOEugiﬂ I%? Fegosned

crot onal d&f %%]) igwee ‘é‘F%%mﬁ'tea Z%Q%Rﬁf’d%ed( é@llgcéPl theci d
and prop|on|soknﬁkgnﬂam@eaﬁn9d¢|@EEPSﬂtlon ankénqusdtm»qnun9Saspu§a@egngnaleuc
anhydride). {(metiDydorydlict acilieas the main component increases with the tem-

perature. Furthermore, the tendency of (meth)acrylic acid in the

liguid state to polymerize is likely to increase with increqsing )
15 pressure. In view of this state of affairs, the advantageousness

of the novel process over the prior art processes is surprising.

The novel process displays its advantageousness in the case of
liguid mixtures to be separated by distillation and containing
20 > 95, > 96, 2 97, 2 98 and > 99% by weight of (meth)acrylic acid.
It may be carried out both at atmospheric pressure (1 bar) and at
reduced pressure. The novel distillative separation is preferably
carried out at reduced pressure (particularly preferably at from
10 to 150 mbar). The novel distillative separation can be carried
25 out both as a single—phase flow separation (simple distillation)
and as a two-phase flow separation (rectification). In principle,
both a two-phase countercurrent (the ascending vapor stream is
fed countercurrent to the descending reflux liquid stream in a-
column) and a two-phase cocurrent (the ascending vapor stream is
30 fed cocurrent to the reflux liquid stream in a column), can be
realized. In the case of a novel two-phase flow separation, the
connection between still and condenser is generally formed by a
rectification apparatus having baffles. Suitable such apparatuses
are all column types known per se, such as tray columns, packed
35 columns or rotary columns.

In the case of the novel single-phase flow separation, the con-
nection between still and condenser is as a rule a column which
is essentially free of baffles, with the exception of impact

40 means (which prevent the entrainment of liquid droplets).

The liquid mixture to be separated according to the invention by

distillation and containing (meth)acrylic acid as the main compo-

nent can be continuously fed both directly into the still itself
45 and into the connection between still and condenser.

i
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usual ly > 98, frequently > 99, % by weight. 25 The probl em of the-
distillative separation of liquid m xtures whi ch contain (neth)acryllc
acid as the main conponent (eg. > 95% 3 by weight) is thus sufficiently
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which phenothiazine is preferred. They are used in amounts known ..

per se (a few ppm, typically about 200 ppm, based on
(meth)acrylic acid). : -

15
The novel process can be realized in a particularly simple manner
by the use of a forced—-circulation tubular evaporator which is
mounted outside the still and separated from the still by a
throttle apparatus, as shown in Figure 1 (1 = still, 2 = circula-

20 tion pump, 3 = throttle apparatus, 4 = tubular evaporator, 5 =
heating steam, 6 = heating steam condensate, 7 = bottom product
outlet, 8 = circulation direction, 9 = separation apparatus, 10 =
outflow, 11 = inflow).

25 A fraction of the liquid content present at a pressure Px in the
still is continuously removed and is pumped by means of a cir-
culation pump into the inflow pipe of a tubular evaporator (tube-—
bundle heat exchanger). A heating medium, for example heating
steam (as a rule steam under superatmospheric pressure), whose

30 temperature is above the temperature of the liquid content of the
still, flows around the inner pipes of the tubular evaporator. On
the way through the inflow and outflow pipes of the tubular evap-
orator, the still liquid removed is heated by indirect heat ex-
change to a temperature Ty. which is above the temperature of the

35 liquid in the still. A throttle apparatus separates tubular evap-
orator and still on the pressure side and, by a suitable choice
of the circulation pump delivery, makes it possible to set a
throttle inlet pressure Py which is above Py and above the boiling
pressure Py., at the temperature Ty., of the still liguid removed.

40
According to the invention, it is important that boiling (bubble
formation) of the circulated still liguid fraction in the pipes
of the tubular evaporator is suppressed by the above measures.
The circulated fraction of the still liquid is instead super-

45 heated in the pipes of the tubular evaporator in relation to the

pressure Py prevailiné above the liquid content of the stills, and

the boiling process is thus shifted to the emergence side of the
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phenot hi azi ne, owing to the high evaporation tenperatures re- qui red
even at reduced pressure, said polynmer formation causing
3 relatively rapid coating of, in pasticular, the heat exchange

surface of tHer SUARDMAratdli pid NNHY ontbRtebr athd pigtd BRAkhe thb@lSE er
and reduces éxpa‘?%c?é’a%%(}f 340 Qg&;@ re@'lcginégg K?se GA"LhEUPNS %lzstel‘)#gyagn
must t her ef of & be Nt errubtea from t1 e tB* T e 6 rénove The coatlng
(in particul %% \@4F fEEhFeaBr2 SURSHAEATERAre heat exchangers which may be

conpl etely bl ocked as a
5 The superheated liguid may pass through the throttle apparatus

into the distillation apparatus, directly into the liguid content
of the still. Under these conditions, the temperature of the lig-
uid content of the still regularly corresponds to the boiling
point T, associated with the pressure Py prevailing above the

10 still ligquid. '

However, in principle, the superheated liquid may also pass.
through the throttle apparatus into the distillation apparatus by
entering the connection between still and condenser, above the

15 liguid level of the liquid still content. Under these conditions,
the temperature of the liquid content of the still is regularly
.below the boiling point Ty associated with the pressure Py
prevailing above the still liquid. What is important is that the
evaporation effect of the tubular evaporator mounted outside the

20 distillation apparatus occurs only in the distillation apparatus,
ie. outside the evaporatocr.

Throttling can be effected, for example, mechanically (orifice
plates, valves) and/or hydrostatically (by an appropriately high

25 liquid column in the still above the emergence point of the
superheated liquid).

Tubular evaporators to be used according to the invention fre-
guently comprise from 100 to 300 V4A stainless steel pipes. The

30 thickness of the pipe walls is often from 1 to 3 mm and the ex-
ternal diameter is regularly from 25 to 35 mm. Their length may
be up to a few meters (typically 3 m). As a rule, hot steam under
superatmospheric pressure (up to a few bar) flows around the
pipes, as a heating medium. However, other conventional heating

35 media, such as heat transfer oils and/or hot gases, may also be
used. The delivery of the circulation pump is typically from
100 000 to 300 000 1/h. This results in flow velocities in the
pipes of the tubular evaporator of from 1 to 7 m/sec.

40 In general, the heat transfer in the tubular evaporator is advan-
tageously designed, according to the invention, so that Ty. is
from 3 to 12 K above the temperature of the liquid content of the
still. The difference between F} and Py is as a rule not more than
8, often not more than 5, and frequently not more than 3, bar. It

45 is in many cases from 0.2 to 1 bar.
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EP- A 616 998) therefore reconmmends nondistiliative nmethods for the
purification of crude (meth)acrylic acid). 10 t is an object of the
present invention to provide a novel process for the continuous

distillativethepgdguidonisture ceentadining (meghpacxylich acddt as nthermairacopi ¢
aci d as the porentcagp@edntontinuousyditat thé adisyillprdbat appatatls ayiciales

a still, a cOPARNSEr a@RdntSoR EARMEIdoORDIbYEED /8111 and condenser and to
which the liduid m xture to be separated is continuously fed, in which °
process the probl em of coating .of the evaporator surface, is present to a
reduced ext dhtPart@LVERRREIRT ""tnﬁathﬁ$%1 bR esddyenvhichy C&ﬁfcﬁﬁo ¢Bss
for the e icoase Gifstine F3y P agmererofcrtinuepaly niferupsampie chia on-
tai n (neth) acrey ltakezoifd poitte7ymi n conponent, in a distillation

appar atus whi ch conprises a still, a condenser and a connection bet ween
still and c r d | L qul.d m xture to be 25 separated is
continuougly te ’ii g‘raef:%ﬂggﬁ+€%§é[ séﬁéi%gs arule at | east 50%
frequently at | east 75% particularly preferably at | east 100% of the

ener gy requi¥led Hetidlative: pdngle-RIReq ifdoWdseParatien ©f ansappyiéd aoidhe

di-sti-l I ati on appéiathusalsy ohtpined by gyas—phasehcabalytiachiidatdbnt apd| wasii d

content present tHeateld @S%H" 8mPRoguanidine bicarbonate and to which pheno-
‘thiazine and dodecylbenzenesulfonic acid had been added and

15 which contained

99.25% by weightof acrylic acid,
0.2% by weight of dodecylbenzenesulfonic acid (for reducing
the formation of coating),

20 500 ppm of acetic acid,

200 ppm of propionic acid,

10 ppm of low molecular weight aldehydes,

300 ppm of water,

200 ppm - of phenothiazine (process polymerization
25 inhibitor)

and '
2000 ppm : of diacrylic acid,

in a distillation apparatus consisting of a still, a conden-
30 sation apparatus and a connection between still and condensa-
tion apparatus, a Robert evaporator as in Figure 2 being
integrated in the still (1 = still, 2 = heating steam, 3 =
heating steam condensate, 4 = bottom product discharge, 5 =
liquid level, 6 = evaporator pipe, 7 = central fall pipe,
35 8 = circulation direction).

The exact data of the distillation apparatus and of the mode
of operation were as follows:

40 - baffle-free stainless steel distillation column having
only impact means and having an internal diameter of
1000 mm and a length of 4000 mm;

- Robert evaporator having 351 stainless steel evaporator
45 pipes (external diameter of the evaporator pipes = 30 mm,
wall thickness = 2 mm, length = 1200 mm);
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tenperature T[err], at a pressure Py above Px, with the proviso that Ty,
i.s above the boiling point Tx, associated with the pressure Px, and
Bel ow the boiling point Ty, associated With the pressure Py, of the
liquid content of thfeedidf acaydichatidrastbeoseparabed3Sditedtlyt iigutiod thiei ch

has been renpbved andgguperdieal ¢dedntbiipératuridzeRsb@seshoy 1/mg pressure Px
is then recycled to the distilla- t1on apparatus while letting down the

pressure. As further priar t, it is sible to start fromthe use of
40 forced-circulati oﬂrﬁ%‘&? é‘\?a%éﬁaf?%?f“‘?b?ﬂfm&ng the incrusta- tion
on evaporaPor surfaces in the evaporation of mxtures in which there is

i ncreasi ng depostti dvoi¥impidedatwihhthe cewsgsivator ptpasents at;:i on (for
exanpl e, Verdanpfertechni k by Reinhard Billet, Hochschul t aschenbucher

Verl ag, Bibli ogr_aphi&ggﬁs He’l%rihlg%teéﬁ g@rhrgj_e'b@ (1965), page 146 et seq.,
ngi S .

and Perry's Chem cal neer

10 - steam consumption: about 800 kg/h;
swmesee-oeo o removal of beottom product: 300 1/h.

About 2700 1/h of a condensate which contained
15
: 99.7% by weight of acrylic acid,
< 1 ppm of phenothiazine, _
< 10 ppm of low molecular weight aldehydes and
< 1000 ppm of diacrylic acid
20 '
were obtained in the condenser, and hydroguinone monomethyl
ether was added directly to said condensate as a storage
stabilizer.

25 In the narrow evaporator pipes, the acrylic acid to be sepa-
rated is transported upward by the resulting vapor bubbles
and is conveyed down again in the central fall pipe (natural
circulation). '

30 After continuous operation for 7 days, the distillation appa-
ratus had to be shut down owing to blockage of the evaporator
pipes. '

35 b) Distillative single—phase flow separation of the same acrylic
acid as in a) in a distillatiocn apparatus consisting of a
still, a condensation apparatus and a connection between
still and condensation apparatus, the tube-bundle evaporator
having been moved to a position outside the still, as in

40 Figure 3 (1 = still, 2 = circulation pump, 3 = tubular evapo-
rator, 4 = heating steam, 5 = heating steam condensate, 6 =
bottom product outlet, 7 = circulation direction, 8 = separa-
tion apparatus, 9 = outflow, 10 = inflow). The acrylic acid
to be separated was transported by means of a circulation

45 pump.
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to. 32 Heat Transfer).. "However, the essential difference between the
novel process and 5 the aboverent i oned use of the forced-circul ation flash
evapor a- tion is that the tendency of9(neth)acrylic acid to polynerize -
i ncreases with | Thecezacy datparfitthec diskdltasiohcamainadtvsi apdodf themmide

subst ances i ncr eagegpukhbidilardARR Folilewas a result of the ent r opy,
i e. whereas heating a sol ution contalnlng dep05|ted 10 solid generally

educes the amount o ospited solid in ion, the_s
Eieplcjm tion in Iiqui dg’ﬁgggﬁr Ee%cﬁﬁ%ﬁ'% 518 ﬁe?ﬁ?%’tﬁr%ﬁ??“aﬁf’&uﬂg Ra¥Lnmi n
conponent idncreases @K impag¢emeans béwéngF%$tiR#¢ﬁﬂﬂé dipmetendeficy of

(meth)acrylic acid i n00hemm ahd cuileersttht eft 40p0Iymerize is likely to
increase with increasing 15 pressure. In view of this state of affairs, the

advant ageousness..  @hphiigy "V loHtRECiRul¥EE biEsitid Und havRhgCeEs Ctd -
surpristng. less steel evaporator pipes (external diameter of the
10 evaporator pipes = 30 mm, wall thickness = 2 mm, length =
3000 mm); '

- 'dellvery of the circulation pump: 250 000 1/h;
15 -  flow velocity in the evaporator pipes: 1.4 m/sec;

- feed of the acrylic acid to be separated, directly into
the still at a feed temperature of 25°C: 3000 1l/h;

20 - pressure in the column: 70 mbar;

- boiling point in the evaporator pipes: 75.5'0_(owing to
the additional hydrostatic pressure of the still liquid);

25 - 4 bar heating steam at 151°C;
- steam consumption: about 800 kg/h;

- removal of bottom product: 300 1l/h;
30
- condensate obtained as in a).

The liquid boiling in the evaporator pipes was fed directly
into the distilled liquid. After continuous operation for

35 20 days, the distillation apparatus had to be shut down owing
to blockage of the evaporator pipes.

~¢) Distillative single-phase flow separation of the same acrylic
acid as in a) in a distillation apparatus as in b), but which
40 differed from b) in that the tubular evaporator was separated
from the still on the pressure side by a throttle apparatus.
The pressure thus built up in the tubular evaporator was
3 bar before the throttle (pump pressure) and prevented
, bubble formation therein as a result of boiling. The differ-
45 ence between the boiling point in the still (75°C) and the

. R
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m.xtures to be separated by distillationrand -containing 20 > 95, > 96, >
97, > 98 and > 99% by wei ght of (neth)acrylic acid. It rmay be carried
dut both at atnospheric pressure (1 bar}®and at reduced pressure. The
novel distill atitenpeapiont dn the pigies @lfl the tubularxevaporatoredasesd K.

pressure (parti opjerlsipeRheheedbl yqdld fen@eirea thetotiD0 1ikak. aikectpye!
distil.lative separation can be carried 25 out both as a singl e-phase flow

separation (sinple distillation) nd_as_a jwo-phase_fl ow separation
(rectificati on;TPAqetr?rpr’ﬂ preus °P?5"5t%ﬁ°§ ?%-%Wg‘%@@duﬁ{’&%?é;rﬂfa H”ﬁetu‘
ascendi ng ¥apor BHazagvRperater Eiddnth@dcBPr 82ting ¢ he descendi ng refl ux
liquid streamin a - colum) and a two-phase cocurrent (the ascendi ng
vapor streamis 30 fed cocurrent to the reflux liquid streamin a columm),
can be realized. In the case of a novel two-phase flow separation, the
connection between still and condenser is generally formed by a '
rectification apparatus having baffles. Suitable such apparatuses are
all columPtypes known per se, such as tray col ums, packed 35 col ums or
rotary col ums. In the case of the novel single-phase flow separation,
t he con- nection between still .and.condenser .is..as .a rule a calum which
is essentially free of baffles, with the exception of inpact 40 neans
(which prevent the entrainment of |iquid droplets). '

.
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distillation and containing (neth)acrylic acid as the mai n-conpo: - -nent
can be continuously fed both directly-into the still itserf45-and-into the

¢onnection between still and condenser. J

5 The novel process is particularly suitable f lMlH"”l"!”’mw",/e

purification of crude (meth)acrylic acid, as obtained By t

ventional cHBaF3RI gas- phase oxidation nethod descri bed at the outset.

The | ower al dehydic inpurities which significantly 5 increase the tendency

of the (neth)achybrocess doxothel gomrimeusadistillnisiviee sepduaeibn wfa nmanner

known per gse W §hqti@® riddivre@NwRich contain (meth)acrylic acid as the main
component, in a distillation apparatus which comprises a
still, a condenser and a connection between still and
condenser and to which the liquid mixture to be separated is
continuously fed, wherein at least some of the energy

10 required for evaporation of the liquid mixture is supplied to
the distillation apparatus by a procedure in which a fraction
of the liquid content present at a pressure Py in the still
is continuously removed, said fraction is heated to a temper-
ature Ty at a pressure Py above Py, with the proviso that. Ty

15 is above the boiling point Ty, associated with the pressure
Px, and below the boiling point Ty, associated with the
pressure Py, of the liguid content of the still, and that
fraction of the still liquid which has been removed and
superheated in this manner based on the pressure Py is then

20 recycled to the distillation apparatus while letting down the

pressure.

2. A process as claimed in claim 1, wherein the ligquid mixture
to be separated by distillation contains > 95% by weight of
25 {meth)acrylic acid.

3. A process as claimed in claim 1 or 2, wherein the pressure in
the still is from 10 to 150 mbar.

30 4. A process as claimed in any of claims 1 to 3, wherein the
separation is carried out as a single-phase flow separation.

5. A process as claimed in any of claims 1 to 4, wherein the
liquid mixture to be separated by distillation is contin-
a5 uously fed directly into the still.

6. A process as claimed in any of claims 1 to 5, wherein the
superheated removed fraction of the still liquid is recycled
directly to the still liquid.

40 _ :

7. A process as claimed in any of c¢laims 1 to 6, wherein the
difference between Py and Px is from 0.2 to 8 bar.

8. A process as claimed in any of claims 1 to 7, wherein Ty. is

45 from 3 to 12 K above the temperature of the liquid content of
the still. e peratt
This Sheet Has Bi\ii \iﬁ\‘igd



-hydrazi ne apaSer Aktiemjeseklsdafof (egS0@Lthoguani di.ze OOSM/MC{IBIat e)
Furt hernore, al kyl benzenesul fonic acid conpounds, such as -

dodecyl benzenesul foni ¢ acid, which reduce the tendency 10 toward coatlng,
can be added in a known manner. Sui tablf pol ymeri zation inhibitors are

t hose stated at _t he outset mn whi ch _phenpt hi_azi ne IS ref erred They
are used i n?ano@nPEORAIAS "‘36 F‘gge" £ Rp ﬁf itzﬂ %

based on (neﬁhpaéh%‘i‘—@%@ifdfhe159’“0"611161‘#61?&9“;ﬂfbd'é'@sséa?ﬁl b’el%leﬁ |1fed in
a particularly sasmpiedartndm a thiyetthedlechettaetalragwrci rcul ati on t ubul ar
evaporat or which is nount ed outside the still and separated fromthe

St 1o.tﬁrg‘1:£&§s£eearcﬁauae 3 SBOWSe! B1ELALIE cb 6] néiddd tth;er— _
heating steam ?qu?’r’ﬁtd’rﬁ Egrﬁt’% &’D“%gﬁeé ﬁ;} dlsotolttjtlig%lgn %&’&?ﬁ ut out | e't |
8 = circul ati onPHPﬁ@EN%ﬁf?‘neg ap s@?ﬁ?%ﬁ ToenzeRpErLERLe fGld 1’6u"’f Fichi;om Fo-

t

inflow). 25 A filmeth)aerywifict heifli quid content present at a pressure Px in

t he still is continuously renoved and is punped by neans of a cir-
cul ationsgunp into the inflow pipe of a tubular evaporator (tube- bundl e
heal exchiinger) A heating medtum for ‘exarple heat “W*‘%W —
| | | lll/ i llllll
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still, flows around the inner pipes of the tubular evaporator. On t he
way through the inflow and outfl ow pipes of the tubul ar’ evap- or at or,
the still liquid renoved - is heated by indirect heat ex- change to a
tenperature Ty which is above the tenperature of the 35 liquid in the

still. A theghthfusedadadtis 1920Feabepatabibiloff13Buid mPkei s aldchl i 11 on
the pressurg ﬁhgf?a{)&&?etﬁ’%a[&y‘i‘i'ct akk§ EQQ%% éﬁs]ng‘éfahpg?ghécu' ation punp

delivery, makes I ossible”to set a pressure Py which is
above Px and above the boiling pressure Py, at the tenperature Ty, of
the still 5 pgeFEae®noved. 40 According to the invention, it is inportant

that boiling (bubble formation) of the circulated still liquid fraction
in the pipesiqui@fmikeurtddwhiche ot it Ofmeth judRR1EES86idYasd her e

| i nt P W cap255disyas Nene _
e hont o | omBEnébE 2%%%&5’?8‘9‘5?%9%%“%% dn a bIELE IS GRLraLas"
pressur e BB PRRE AR SERALy | USRI oG & RRRRETTIRN BETyeen, o
boi | i ng #PoBESLL | and [fppdemsere andote Hebisth riden dd avidoniFrtysn, to be

separated is continuously fed, by a process in which the energy
required for evaporation of the liquid mixture is supplied to the
distillation apparatus by a procedure in which a part of the
liquid content of the still is continuocusly removed, superheated
15 and recycled to the still.
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.6 .throttle apparatus (ie. the content of the pipes of the tubular
‘evaporator is present as a single phase, and the tubul ar evapora- tor
acts nerely as a superheater). 5 The superheated liquid nay pass through
‘the throttle apparatus into the distillation apparatus, directly into
the |igui ontent of the still. Under these conditions, the tenperature
of thﬂEf‘izg '1uid content of the still regularly corresponds to the

boi | i dint Tx associated with the pressure Px prevailing above the 10.
still liquid. However, in principle, the superheated liquid nmay al so

pass through the throttle apparatus into the distillation apparatus by
entering the connection between still and condenser, above the
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A5 Ii.quid level of the liquid still content. Under these conditions, t he

t.enper ature-of the -liquid content of the still is regularly bel ow t he
boiling point Tx associated with the pressure Px prevailing above the
still liquid. What is inportant is that the evaporation effect of the
tubula!:ﬁnﬁgﬁr or -mounted outside the 20 distillation apparatus occurs .
only imt s £Li | | ati on appar at us, ie. outside the evaporator.
Throttling can be effected, for exanple, nechanically (orifice pl at es,
val ves) and/or hydrostatically (by an appropriately high 25 liquid colum
in the still above the emergence point of the superheated |iquid).
Tubul ar evaporators to be used according to the invention fre- quently
conprise from 100 to 300 V4A stainless steel pipes. The 30 thickness of the
prpe walls is often from1l to 3 nmand the ex- ternal dianeter is
regularly from25 to 35 mm Their |ength may be up to a few neters
(typically 3 m. As a rule, hot steam under super at nospheri c pressure
(up to a few bar) flows around the pi pes, as a heating nedium However
ot her conventional heating 35 nedia, such as heat transfer oils and/or hot
gases, may al so be used. The delivery of the circulation punp is
typircallLy. from. ....100. 000.t0.300..000 .1/ h.. This results in flow velocities
in the T e -
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pi pes of the tubular evaporator of from1l to 7 msec. 40 In general, the

heat transfer in the tubular evaporator is advan-- = tageously designed,
according.to the invention, so that Ty is  from3 to 12 K above the
tenp g:ﬁ the liquid content of the still. The difference between
Py a s arule not nore than. 8, often not nore than 5, and
frequently not nore than 3, bar. It 45 is in many cases fromO0.2 to 1 bar
|  5:7 _ ‘ 7 The liquid m xture containing
(meth)acrylic acid as the main com ponent is fed continuously to the
distillation apparatus typical - ly in an anmount of from 2000 to 4000
1/ h.

|
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5 A part of nhe hi gh-boiling distillation residug-which A@@{ ] ;ec{—5~;j£~:9:;n:,....7_a4.he__m__
course of time can be renpved continuously, for éﬁ,rm‘r“e‘“ Vi A ENT HEER Bk e- éfJf

point 7. Exanpl e and Conparative Exanples 10; 3 a'}-'”Dr ERE Fatfli Ve 10 paged ..
singl e-phase flow separation of an acrylic acid | % $hi ch Reged dbttai paged 2.
by gas-phase catal ytic oxidation and wagd - tr"a Wi Oh mgthdyuarpagedds.
bi carbonate and to whi ch pheno- t hi azi ne ?n ‘dotiasy| be;maane!subf;mge&:,.
acid had been added and 15 whi ch cont ai ned { 99. 25% by wei ght of
acrylic acid, 0. 2% by wei ght of dodecyl bepzaenesuhromg@ef dﬁ';ip__r _______

v\m
1

reduci ng the formati on of [ coatT ng{
of acetic acigtontinuous diggiliprive sepapation 9%, iguidmjxtures "hi"l'i(?%pm

of | ow nol ecul BAiMEPEFR) agradify Rsdd as the mafm (FoppRRent of water,

200 ppm of phenot hi azi ne (process pol ynerization 25
i nhi bitor) 5 The present invention rghates to a process for the continuous

distillative separation of liquid mixtures which contain

{meth)acrylic acid as the main component, in a distillation

apparatus which comprises a still, a condenser and a connection

between still and condenser and to which the liquid mixture to be
10 separated is continuously fed.

(Meth)acrylic acid is used as an abbreviation and stands for
acrylic acid or methacrylic acid. (Meth)acrylic acid, either as
such or in the form of its esters, is important in particular for

15 the preparation of polymers for a very wide range of uses, for
example for use as adhesives, and has a high tendency to polymer-
ize, especially in the liquid state. Safe storage of essentially
pure liquid (meth)acrylic acid is possible only with the addition
of polymerization inhibitor, even at lower temperatures.

20

~ (Meth)acrylic acid is obtainable, inter alia, by catalytic gas—

phase oxidation of alkanes, alkanols, alkenes or alkenals which
contain 3 or 4 carbon atoms. (Meth)acrylic acid is particularly
advantageously obtainable, for example, by catalytic gas—phase

25 oxidation of propene, acrolein, tert-butanol, iscbutene, isobu-~
tane, isocbutyraldehyde or methacrolein.

However, other possible starting compounds are those from which
the actual C3/C4 starting compound is first formed as an inter-

30 mediate during the gas—phase oxidation. An example is the methyl
ether of tert-butanol.

These starting gases, as a rule diluted with inert gases, such as
nitrogen, CO;, saturated hydrocarbons and/or steam, are passed, as
35 a mixture with oxygen, over transition metal (eg. Mo—, V-, W-
and/or .Fe—containing) mixed oxide catalysts at elevated tempera-
tures (usually from 200 to 400°C) and under atmospheric or super-
atmospheric pressure and are converted by oxidation into
(meth)acrylic acid (cf. for example DE-A 44 05 059, EP-A 253 409,
40 EP-A 92 097, DE-A 44 31 949).

Owing to the many parallel and secondary reactions which take
place in the course of the catalytic gas—phase oxidation and
because of the inert diluent gases to be concomitantly used, how-
45 ever, the resulting product is not pure (meth)acrylic acid but a
reaction mixture which contains essentially (meth)acrylic acid,
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AL sy g
20Q0 ppm of diacrylic acid, in a distill WW
consisting of a still, a conden- 30 sati on appar at ujs" g+ ' 1jor
between still and condensa- tion apparatus, a Rope t evarqgrﬁg? as
in Figure2being integrated in the still (1=SI hea
steam 3 = heati ng steam condensate, 4 = bottom =g, | 5
= Fiquid |level, 6 = evaporator pipe, 7 = central f§ 8} =
circulation directi on). The exact data of the ditstitd-ation
apparatus and of the node of oper&ion were as follows: 40 -
baffl e-free st atht¢ daerstdidiuedt sgddeisaand rbypobduetshafiroy which the only
| npact neans andméxhjiaegyhic ianiérmmsic He csvgiarated off. 1000 mm and a
| engt h of 4000 mm - Robert evaporator havi-ng 351 stainless steel
evaporator 45 rhe (metR)A§1i€XdANAL CHRYCiegiiratbe MeaPER& ¥ackiqes = 30 -
mm 5 MBkdurklbf kiR 8ctich HRY di8R91Tatich?AOtHBHs, ie. as a rule the

(meth)acrylic acid formed is initially taken up from the reaction
gas mixture of the gas—phase oxidation into a suitable absorbent.
Separation of the absorbate by distillation then usually gives a
crude (meth)acrylic acid, from which a pure (meth)acrylic acid is
10 frequently produced .by passage through further distillative sepa-
ration stages (eg. DE-A 44 36 243, DE-A 44 36 243, German
Patent 21 36 396, DE-A 43 08 087, EP-A 297 445, EP-A 117 146,
EP-B 102 642, British Patent 1 346 737 and DE-B 2 207 184).

15 As a rule, the crude (meth)acrylic acid has a purity of > 95,
frequently > 97,. % by weight, the impurities comprising in
particular lower aldehydes (eg. formaldehyde, acetaldehyde, acro-
lein, methacrolein, propionaldehyde, n-butyraldehyde, benzalde-
hyde, furfural or crotonaldehyde), water, lower alkanecarboxylic

20 acids (eg. acetic acid and propionic acid) and anhydrides of
alkanecarboxylic acids (eg. maleic anhydride). In contrast to the
crude (meth)acrylic acid; the purity of the pure (meth)acrylic
acid is usually > 98, frequently > 99, % by weight.

25 The problem of the distillative separation of ligquid mixtures
which contain (meth)acrylic acid as the main component (eg. > 95%
by weight) is thus sufficiently well known.

Usually, the distillate of separation is carried out continuocusly
30 in a distillation apparatus which comprises a still, a condenser
and a connection between still and condenser and to which the

liquid mixture to be separated is continuocusly fed.

An integral part of the still is usually an evaporator which -

35 transfers the energy required for evaporation indirectly via
heated heat exchange surfaces to the liquid mixture to be sepa-
rated by distillation. -

The problem with the distillative separation of liquid mixtures
40 which contain (meth)acrylic acid as the main component is that,
regardless of whether the (meth)acrylic acid is separated off via
the top or via the bottom, as a rule polymer formation occurs
during the distillative separation, even in the'presence of poly-
merization inhibitors, such as air, hydroquinone, hydroquinone
45 monomethyl ether, paranitrosophenol, paramethoxyphenol and/or
phenothiazine, owing to the high evaporation temperatures re-—
quired even at reduced pressure, said polymer formation causing



4 feed of acrylic acid to be separated, directly into

$ti Il at a feed tenperature of 25[err]C 3000 1/ h; - pressur ¢

_the colum: 70 nbar; - boiling point in the gvdp t 4gIeS

;75[err] C - 4 bar heating steamat 151[err]C; 180QWAR- Wﬁgt
’)ﬁ)

=1/ h.
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w:consunption: about 800 kg/h; - renoval of bott o produet-
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3
relatively rapid coating of, in particular, the heat exchange
surface of the evaporator. This inhibits, inter alia, the heat
transfer and reduces the evaporator performance, and the
continuous distillation must therefore be interrupted from time
to time to remove the coating (in particular with the use of .
tube-bundle heat exchangers which may be completely blocked as a
result of the coating; the literature (for example, EP-A 648 520
and EP-A 616 998) therefore recommends nondistillative methods
for the purification of crude (meth)acrylic acid).

It is an object of the present invention to provide a novel

process for the continuous distillative separation of liquid mix-
tures which contain (meth)acrylic acid as the main component, in
a distillation apparatus which comprises a still, a condenser and
a connection between still and condenser and to which the liquid
mixture to be separated is continuously fed, in which process the

-problem of coating of the evaporator surface is present to a

reduced extent.

We have found that this object is achieved by a process for the
continuous distillative separation of liquid mixtures which con-
tain (meth)acrylic acid as the main component, in a distillation
apparatus which comprises a still, a condenser and a connection
between still and condenser and to which the liquid mixture to be
separated is continuously fed, wherein at least some (as a rule
at least 50%, frequently at least 75%, particularly preferably at
least 100%) of the energy required for evaporation of the liquid
mixture is supplied to the distillation apparatus by a procedure
in - which a fraction of the liquid content present at a pressure Py
in the still is continuously removed, said fraction is heated to
a temperature Ty, at a pressure Py, above Px, with the proviso that
Ty. is above the boiling point Ty, associated with the pressure
Py, and below the boiling point Ty, associated with the pressure
Py, of the liquid content of the still, and that fraction of the
still liquid which has been removed and superheated in this
manner based on the pressure P, is then recycled to the distilla-
tion apparatus while letting down the pressure. '

As further prior art, it is possible to start from the use of
forced-circulation flash evaporation for reducing the incrusta-
tion on evaporator surfaces in the evaporation of mixtures in-
which there is increasing deposition of solids with increasing
concentration (for example, Verdampfertechnik by Reinhard Billet,
Hochschultaschenbiicher Verlag, Bibliographisches Institut-
Mannheim (1965), page 146 et seq., and Perry’s Chemical Engineers



About 2700 1/h of a condensate which contained 15 REPLACENE%H?SHEBT'f7%Y
by wei ght of acrylic acid, < 1 pP Thraji re,

< 10 ppm of | ow nol ecul ar wei ght al dehydes and 000
ppnof diacrylic acid 20 were obtained in the cohd

hydr oqui none nononet hyl et her was added directly conrdedsdt e .
as a storage stabilizer. 25 In the narrOM/=vaporator pi pes, ‘ he
acrylic acid to be sepa- rat ed |s transported upwear-t—tytte

resul ting vapor bubbles and is nvezed down again in the central

fall pipe (naBapdiook, SixthcEdétiami YaJraw-§oll Bookf Cempadynt}Mfbus operation

for 7 days, thbeagel 3ii tbadd,oHeapiransfer). ratus had to be shut down ow ng

to bl ockage of the evaporator pi pes.
Bowever, the essential difference between the novel process and

5 the abovementioned use of the forced-circulation flash evapora-
tion is that the tendency of (meth)acrylic acid to polymerize
increases with increasing temperature, whereas the solubility of
most substances increases with the temperature as a result of the
entropy, ie. whereas heating a solution containing deposited -

10 solid generally reduces the amount of deposited solid in the
solution, the solid deposition in liquid mixtures containing
(meth)acrylic acid as the main component increases with the tem-
perature. Furthermore, the tendency of (meth)acrylic acid in the
liquid state to polymerize is likely to increase with increasing

15 pressure. In view of this state of affairs, the advantageousness
of the novel process over the prior art processes is surprising.

The novel process displays its advantageousness in the case of
liquid mixtures to be separated by distillation and containing
20 > 95, > 96, 2 97, > 98 and > 99% by weight of (meth)acrylic acid.
It may be carried out both at atmospheric pressure (1 bar) and at
reduced pressure. The novel distillative separation is preferably
carried out at reduced pressure (particularlj preferably at from
10 to 150 mbar). The novel distillative separation can be carried
25 out both as a single-phase flow separation (simple distillation)
and as a two—phase flow separation (rectification). In principle,
both a two—phase countercurrent (the ascénding vapor stream is
fed countercurrent to the descending reflux liquid stream in a-
column) and a two-phase cocurrent (the ascending vapor stream is
30 fed cocurrent to the reflux liquid stream in a column), can be
realized. In the case of a novel two—-phase flow separation, the
connection between still and condenser is generally formed by a
.rectification apparatus having baffles. Suitable such apparatuses
are all column types known per se, such as tray columns, packed
35 columns or rotary columns.

In the case of the novel single-phase flow separation, the con-
nection between still and condenser is as a rule a column which
is essentially free of baffles, with the exception of impact

40 means (which prevent the entrainment of liquid droplets).

The liquid mixture to be separated according to the invention by

distillation and containing (meth)acrylic acid as the main compo-

nent can be continuously fed both directly into the still itself
45 and into the connection between still and condenser.
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235 b) Distillative single-phase flow separation of the[sganme acrytrc
~acid as in a) in a distillation apparatus consisting of 0 QS,ngﬁl,
-f-‘(;ondensahon apparatus and a connection between | %Nd
condensati on apparatus, the tube-bundl e evaporator i

a
b t

L0 a position outsi de t he still, as in 40 Figure 3 1 = still, 2 -
girculation punp, 3 - tubular evapo- rator, 4 - heallng sSteam
eating steam condensate, 6 - botTom product outlet, 7 = _circulation

direction, 8 - TBEpAvEL process {ppArtigulanlys subtabls foF ghe fostiliarivey)

" The acrylic ackyrification pherydpdmat PR3 LE ragishor® PBINeR DYsthe can-
C| rcul ati on 45ventiquagpcatalytic gas-phase oxidation method described at the

" outset. The lower aldehydic impurities which significantly

m 5 increase the tendency of the (meth)acrylic acid to polymerize can

B thus be reduced in a manner known per se with the addition of
hydrazine and/or derivatives thereof (eg. aminoguanidine
bicarbonate). Furthermore, alkylbenzenesulfonic acid compounds,
such as dodecylbenzenesulfonic acid, which reduce the tendency

10 toward coating, can be added in a known manner. Suitable
polymerization inhibitors are those stated at the outset, among
which phenothiazine is preferred. They are used in amounts known
per se (a few ppm, typically about 200 ppm, based on
{meth)acrylic acid).

15 ' | _
The novel process can be realized in a particularly simple manner
by the use of a forced-circulation tubular evaporator which is
mounted outside the still and separated from the still by a
throttle apparatus, as shown in Figure 1 (1 = still, 2 = circula-

20 tion pump, 3 = throttle apparatus, 4 = tubular evaporator, § =
heating steam, 6 = heating steam condensate, 7 = bottom product
outlet, 8 = circulation direction, 9 = separation apparatus, 10 =
outflow, 11 = inflow).

25 A fraction of the liquid content present at a pressure Px in the
still is continuocusly removed and is pumped by means of a cir-
culation pump into the inflow pipe of a tubular evaporator (tube—
bundle heat exchanger). A heating medium, for example heating
steam (as a rule steam under superatmospheric pressure), whose

30 temperature is above the temperature of the liquid content of the
still, flows around the inner pipes of the tubular evaporator. On
the way through the inflow and outflow pipes of the tubular evap-
orator, the still liquid removed is heated by indirect heat ex-
change to a temperature Ty. which is above the temperature of the

35 liquid in the still. A throttle apparatus separates tubular evap-
orator and still on the pressure side and, by a suitable choice
of the circulation pump delivery, makes it possible to set a
throttle inlet pressure Py, which is above Py and above the boiling
pressure Py., at the temperature Ty., of the still liquid removed.

40 '

According to the invention, it is important that boiling (bubble
formation) of the circulated still liquid fraction in the pipes
of the tubular evaporator is suppressed by the above measures.
The circulated fraction of the still liquid is instead super-

45 heated in the pipes of the tubular evaporator in relation to the
pressure P, prevailing above the liquid content of the stills, and
the boiling process is thus shifted to the emergence side of the



9 . The exact data of the distillation apparatus m
of operation were as follows: - baffle-free Gy oM
distillation colum having 5 only inpact neans '
internal dianmeter of 1000 mm and a length of K0QQ WAR 1097 -
t ubul ar evaporator nounted outside and having 219 stain - qs9
steel evaporator pipes (external dianmeter of the 10 evaporat

pipes = 30 mm wall thickness - 2 mm length 3000 mm ;

- delivery of the circulation punp: 260 000 1/h; 15 - fl ow
velocity in tQﬁrSﬁﬁﬂﬁoﬁﬁﬁéﬁaﬂﬁbpﬁfb :théd &HdrtRAt of the pipes offe€ite abbliler
acrylic acid {Qaherat8p ag At setgé ragcﬁlélidg'ikophase, and the t{u3kiddapdkaa feed
tenperature of. g Lﬁ,_r %n Qg erﬁ hter pressure in the colum: 70
nbar ; - oi I'i' ng “pol nt | Kt he ev&porator pi pes: 75.5[err] C (ow ng

to 5 The superheated liquid may pass through the throttle apparatus

into the distillation apparatus, directly into the liquid content
of the still. Under these conditions, the temperature of the lig-
uid content of the still regularly corresponds to the boiling
point Ty associated with the pressure P, prevailing above the

10 still liquid.

However, in principle, the superheated liquid may also pass
through the throttle apparatus into the distillation apparatus by
entering the connection between still and condenser, above the

15 liquid level of the liquid still content. Under these conditions,
the temperature of the liquid content of the still is regularly
.below the boiling point T, associated with the pressure Py
prevailing above the still liquid. What is important is that the
evaporation effect of the tubular evaporator mounted outside the

20 distillation apparatus occurs only in the distillation apparatus,
ie. cutside the evaporator.

Throttling can be effected, for example, mechanically (orifice
plates, valves) and/or hydrostatically (by an appropriately high

25 liquid column in the still above the emergence point of the
superheated liquid).

Tubular evaporators to be used according to the invention fre-
quently comprise from 100 to 300 V4A stainless steel pipes. The.
30 thickness of the pipe walls is often from 1 to 3 mm and the ex-
" ternal diameter is regularly from 25 to 35 mm. Their length may
be up to a few meters (typically 3 m). As a rule, hot steam under
' superatmospheric pressure (up to a few bar) flows around the
pipes, as a heating medium. However, other conventional heating
.35 media, such as heat transfer oils and/or hot gases, may-also be
used. The delivery of the circulation pump is typically from
100 000 to 300 000 1/h. This results in flow velocities in the
pipes of the tubular evaporator of from 1 to 7 m/sec.

40 In general, the heat transfer in the tubular evaporator is advan-
tageously designed, according to the invention, so that Ty. is
from_3 to 12 X above the temperature'ot the liquid content of the
still. The difference between Py and Px is as a rule not more than
8, often not more than 5, and frequently not more than 3, bar. It

45 is in many cases from 0.2 to 1 bar.



the additional hydrostatic pressure of the still |iquid);
heating steam at 151 C - st eam consunption: ab
- renoval of, bottom product: 300 1/h; 30 - conde saﬂqnp@
as in a). The liquid boiling in the evaporator pi .

directly into the distilled I i quid. After continuofis oper
35 20 days, the distillation apparatus had to be shut _
to bl ockage of the evaporator pi pes. 9 c) Di stillative SI ngl e- phas

separation of .fhe i
Spbaratus as s %fq“gﬁt Ry’ sepeatatafy 4“9“%; l?yﬂg 8 o 4 b %ﬁ;' ar
evapor at or wadBeRE A5 £ad continugysly £ r}_ 61985511 . §¥
throttle appardt R an amount gfe ﬁ?’%s’s"@roe L% LR+ up in the tubul ar
evapor at or was 3 bar before the throttle (punp pressure) and
prevented 5 A papnisifl the drighrboilingedistildstion gsaidueywhpehr |qoddecthdn
differ- 45 thencsudset wéerinehgabhdid rpgoysy wontinuduely: ifdr eX&ipder ¥ and
t he the take—off point 7.

Example and Comparative Exampleé
10 '

a) Distillative single—phase flow separation of an acrylic acid
which was obtained by gas—phase catalytic oxidation and was
treated with aminoguanidine bicarbonate and to which pheno-
‘thiazine and dodecylbenzenesulfonic acid had been added and

15 which contained

99.25% by weightof acrylic acid,
0.2% by weight of dodecylbenzenesulfonic acid (for reducing
the formation of coating),

20 500 ppm of acetic acid,

200 ppm of propionic acid,

10 ppm of low molecular weight aldehydes,

300 ppm : of water,

200 ppm - of phenothiazine (process polymerization
25 inhibitor)

and
2000 ppm : of diacrylic acid,

in a distillation apparatus consisting of a still, a conden-
30 sation apparatus and a connection between still and condensa-
tion apparatus, a Robert evaporator as in Figure 2 being
integrated in the still (1 = still, 2 = heating steam, 3 =
heating steam condensate, 4 = bottom product discharge, 5 =
liquid level, 6 = evaporator pipe, 7 = central fall pipe,
35 8 = circulation direction).

The exact data of the distillation apparatus and of the mode
of operation were as follows:

40 - baffle~free stainless steel'distillation column having
only inmpact 'means and having an internal diameter of
1000 mm and a length of 4000 mm;

- Robert evaporator having 351 stainless steel evaporator
45 pipes (external diameter of the evaporator pipes = 30 mm,
wall thickness = 2 mm, length = 1200 mm);



.40 tenperature in the pipes of the tubular eva ,WT-

'The superheated liquid entered the still liquid directljy. Af t ar
.continuous operation for 4 nonths, the pipes of the tu-{ b ¢4MpRIBGI
',."jevaporator still had no coating. _

8
- feed of acrylic acid to be separated, directly into the
still at a feed temperature of 25°C: 3000 1/h;

- pressure in the column: 70 mbar;

5
—  boiling point in the evaporator pipes: 75°C;
- 4 bar heating steam at 151°C;
10 - steam consumption: about 800 kg/h;
- removal of bottom product: 300 l/h.
. About 2700 l/h of a condensate which contained
= 15
99.7% by weight of acrylic acid,
< 1 ppm of phenothiazine,
< 10 ppm of low molecular weight aldehydes and
< 1000 ppmof diacrylic acid
20
were cbtained in the condenser, and hydrogquinone monomethyl
ether was added directly to said condensate as a storage
stabilizer.
25 In the narrow evaporator pipes, the acrylic acid to be sepa-
‘ rated is transported upward by the resulting vapor bubbles
and is conveyed down agaln in the central fall pipe (natural
circulation).
30 After .continuous operation for 7 days, the distillation appa-
ratus had to be shut down owing to blockage of the evaporator
pipes. ‘

35 b) Distillative single-phase flow separation of the same acrylic
acid as in a) in a distillation apparatus consisting of a
still, a condensation apparatus and a connection between
still and condensation apparatus, the tube—bundle evaporator
having been moved to a position outside the still, as in

40 Figure 3 (1 = still, 2 = circulation pump, 3 = tubular evapo-
rator, 4 = heating steam, 5 = heating steam condensate, 6 =
bottom product outlet, 7 = circulation direction, 8 = separa-
tion apparatus, 9 = outflow, 10 = inflow). The acrylic acid
to be separated was transported by means of a circulation

45 pump. '
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9
The exact data of the distillation apparatus and of the mode
of operation were as follows:

- baffle—free stainless steel distillation column having
only impact means and having an internal diameter of
1000 mm and a length of 4000 mm;

- tubular evaporator mounted outside and having 219 stain-
less steel evaporator pipes (external diameter of the
evaporator pipes = 30 mm, wall thickness = 2 mm, length =
3000 mm);

= delivery of the circulation pump: 250 000 1l/h;
- flow velocity in the evaporator pipes: 1.4 m/sec;

- feed of the acrylic acid to be separated, directly into
the still at a feed temperature of 25°C: 3000 1l/h;

- pressure in the column: 70 mbar;

- boiling peoint in the evaporator pipes: 75.5°C (owing to
the additional hydrostatic pressure of the still liquid);

~ 4 bar heating steam at 151°cC;

- steam‘consumption= about 800 kg/h;
- removal of bottom product: 300 1l/h;
- condensate obfained as in ;).-

The liquid boiling in the evaporator pipe§ was fed directly’
into the distilled liquid. After continuous operation for

20 days, the distillation apparatus had to be shut down owing
to blockage of the evaporator pipes.

Distillative single-phase flow separation of the same acrylic
acid as in a) in a distillation apparatus as in b), but which
differed from b) in that the tubular evaporator was separated
from the still on the pressure side by a throttle apparatus.
The pressure thus built up in the tubular ewvaporator was

3 bar before the throttle (pump pressure) and prevented
bubble formation therein as a result of boiling. The differ-
ence between the boiling point in the still (75°C) and the
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10
temperature in the pipes of the tubular evaporator was 8 K.
The superheated liquid entered the still liquid directly.

After continuous operation for 4 months, the pipes of the tu-
bular evaporator still had no coating.



- - 11 - Ve claim 1. A process for the continuous distillative .
separ ati on of 5 liquid m xtures which contain (neth)acrylic acid as
the main conponent, in a distillation apparatus which conprises a

still, a condenser and a connection between still and ullm mg "u mj"m‘d
adted s co

to V\:hIChthe|IC]UId m xture to be sep S

wherein at | eastisgpe of the energy 10 requi red for evaporahon of the
liquid mixture I's supplied to the. distillation apparatus by a
procedure in WhICh a fraction of the liguid content ga sent at a

pressure Px iln t ReP¥PFe§s for the F%n"chﬂq"r?uééﬁ&l*W\?edepgﬁ RA&ion is
heated to & t enpdiquid mlxtumswblqiy cantaigr dnethladqyylilgoacifxas iiheh maie
proviso that Ty tbmponents, diowediseiidtdion appanitdx whishocompeikes tah t he
pressure sEm angl ézﬁ}d@wssbeam'é idneet don Betwaenoskdidan th the
pressure Py, gd Eeﬂﬁléﬁ éﬂga i h mfﬁvhfé @E be separége%Pglon
of the still I|qU| nh
cont uously W ereln a east some of the energy
10 required for evaporation of the liquid mixture is supplied to
the distillation apparatus by a procedure in which a fraction
. of the liquid content present at a pressure Py in the still
is continuocusly removed, said fraction is heated to a temper-
ature Ty+ at a pressure Py above Px, with the proviso that Ty
15 is above the boiling point Ty, associated with the pressure
Px., and below the boiling point Ty, associated with the
pressure Py,'of the liquid content of the still, and that
fraction of the still liquid which has been removed and
superheated in this manner based on the pressure Py is then
20 recycled to the distillation apparatus while letting down the

bressure.

2. A process as claimed in claim 1, wherein the liquid mixture
to be separated by distillation contains > 95% by weight of
25 {meth)acrylic acid.

3. A process as claimed in claim 1 or 2, wherein the pressure in
the still is from 10 to 150 mbar.

30 4. A process as claimed in any of claims 1 to 3, wherein the
separation is carried out as a single-phase flow separation.

S. A process as claimed in any of claims 1 to 4, wherein the
liquid mixture to be separated by distillation is contin-
35 uwously fed directly into the still.

6. A process as claimed in any of claims 1 to 5, wherein the
superheated removed fraction of the still liquid is recycled
directly to the still liquid.

7. A process as claimed in any of claims 1 to 6, wherein the
difference between Py and Px is from 0.2 to 8 bar.

8. A process as claimed in any of claims 1 to 7, wherein Ty is
45 from 3 to 12 K above the temperature of the liquid content of
the still.




~superheated in this manner based on t he pressure Px i's m) f cled
to the distillation apparatus ‘while letting down the m m“ “Im“mﬂ“

2. A process as clainmed in claim1, wherein the liquid mxfurk

'separated by distillation contains > 95(V£)y wei ght of 25 (et h) acryl [ c

-acid. 3.9 A X Q@ces@Sas! alamekd G.nC‘Eﬁ?ﬂEﬁ-—@Iai&s wheeesn whergirethere in
the still is fr\?\%ﬂé}&hte%t%ﬁg 8baine I%Q‘oéed fr&’éﬁ%@ﬁ%faéhé' gL{Ed 1inAay 10

‘claims 1 to 3, n i,s cacried out as a
si ngl e- phase fl o%’ste‘rfgr ol @ tuhae" R gi%qé%%t € Fﬁﬁd in any of clains

1 to 4, wherein the liquid mxture to be separated by distillation -
is contin-530. A progsisg Aedctirimmst lip anyoof helasims| L. to 9, gvhexgimokbes as
clained in any ofiglid mixtut@ €o bédheepaPatéd by distillaeidwatectaimzoved
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diif f er ence between Py and Px is fromO0.2 to 8 bar. 8. A process as

'clalned in-any of clains 1 to 7, wherein Ty is 45 from3 to 12 K above
f he tenperature of the liquid content of _ _
=12 9. A process as clainmed in any of clains.1 to 8, wherein the

siiper heating of the renoved fraction of the still liquid is ~carried
t in a tube-bundl e heat exchanger. 5 10. A process as clained in any of

tlains 1 to 9, wherein the i qui d=ildt e to be separated by
dizstillation contains phenot hi azi ne and dodecylbenzenesulfonlc aci d
in addition to (meth)acrylic acid. 10

Continuous distillative separation of liquid mixtures which
contain (meth)acrylic acid as the main component

5 Abstract

Liquid mixtures which contain (meth)acrylic acid as the main
component are continuously separated in a distillation apparatus
. which comprises a still, a condenser and a connection between
10 still and condenser and to which the liquid mixture to be
separated is continuously fed, by a process in which the energy
required for evaporation of the ligquid mixture is supplied to the
g distillation apparatus by a procedure in which a part of the
2 liquid content of the still is continuously removed, superheated
15 and recycled to the still.

Figure 1 and 3
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