1 Method for inhibiting the polynerization of (neth)acrylic acid
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Inhibition of polymerization is of significance especially when the polymerizable
compound is present in high purity, for example acrylic acid with a degree of purity of at
least 85%, and is in the liquid state.

30 Itis widespread prior art that the polymerization of (meth)acrylic acid and (meth)acrylic
esters can be suppressed by the use of polymerization inhibitors, frequently in
conjunction with oxygenous gases.

For instance, German published specification DE 19 746 689 A1 discloses a process
35  for preparing (meth)acrylic acid, in which oxygen in the form of air is metered into the
column or into the evaporator.

EP 1 035 102 A1 discloses a process for purifying (meth)acrylic acid and (meth)acrylic
esters, wherein an oxygenous gas is metered into the lines between column bottom
40  and heat exchanger.

WO 01738285 A1 discloses a process for purifying (meth)acrylic monomers by
distiliation. This uses a combination of a polymerization inhibitor soluble in a fiquid, for
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high degree of purity, for example of at least 95%, and is in the liquid state.
25
The object was achieved by a process for inhibiting polymerization of (meth)acrylic acid
andfor (meth)acrylic esters by introducing an oxygenous gas into the (meth)acrylic acid
and/or the (meth)acrylic ester, in which the {(meth)acrylic acid and/or the (meth)acrytic
ester has a degree of purity of at least 95% and is in the liquid state.
30
It is essential to the invention that the process for inhibiting polymerization finds use
when the {(meth)acrylic acid and/or the (meth)acrylic ester already has a high degree of
purity of at least 95%, and is in the liquid state. This is the case especially for the
workup of {meth)acrylic acid and/or {meth)acrylic esters which are drawn off through a
35 side or top draw of the column after a distiliative or rectificative purification in a column,
condensed if necessary and supplied sither to further workup or to dispensing in, for
example, a tank.

_ Liquid (meth)acrylic acid and/or liquid {meth)acrylic ester with such a high degree of
40  purity are at particular risk of polymerization. Even though this (meth)acrylic acid and/or
(meth)acrylic ester is admixed with polymerization inhibitors, for example hydroquinone
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20  The purity of the (meth)acrylic acid and/or of the (meth)acrylic esters is generally at
least 95%, preferably at least 97%. The compounds mentioned are in liquid form in the
side or top draw of the column and therefore have to be condensed with a suitable
.- condenser if required.

25  Gilacial acrylic acid which is supplied, for example, to tank dispensing may have, for
example, the following compaosition:

Acrylic acid 98.7-99.9% by weight

Acetic acid 50-1500 ppm by weight
30 Propionic acid 10-500 ppm by weight

Diacrylic acid 50-1000 ppm by weight

Water 50-1000 ppm by weight

Aldehydes and other carbonyls 1-80 ppm by weight

Inhibitors 100-300 ppm by weight
35 Maleic acid/anhydride 1-20 ppm by weight

(Meth)acrylic esters in the context of the present invention may, for example, be
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, pentyl, hexyl,
octyl, 2-ethylhexyl, 2-propylheptyl, dodecyl, 2-hydroxyethyl, 4-hydroxybutyl, 6-

40 hydroxyhexyl, dihydrocyclopentadienyl, 2-dimethylaminoethyl or cyclohexyl
(meth)acrylate, and also ethylene glycol di{meth)acrylate, 1,4-butanediot
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s essenti al e hat .t he aci,d or the
I(met h) acrlyl 08 aﬂe%%ﬁd% ['15 Wt"ag e 10y '8“ %ﬂ@#’@ﬁ%ﬁ%ﬁ?@dﬁt@he
(met h) acryl ﬁleeéiqca/ lig estgtis 2‘0"“%2 Heuid meten Y he fjinetetas obthed methbanndip laeidi g of
pressur&0i s ihﬁm@f)mrﬁlmt&aadathyosbtmrme&ssm'eamtﬂxelﬁtﬁ@gerwrafyﬁfe@bééﬁ 0 and
bet ween 20I 200k (9 Pfer@asly BEtveeR e RA QMWaM%%beéébi?%g Isé agsgi or
course app
the (et h)a gg@ﬁé’%&% SALESPR SEh & ex{epf‘q i
t enper at ur e M etfednasain hedadp piatg & 'pﬁt@a‘@afa@reweeiwnﬁéan@ at hat
t he mel ti ngapotspheriontessee, bbichinmgnp that theanaitir@fpoiniad the Bolliag pangsre
speci fied. bheidenmihg®ipsergen fed into the liquid (meth)acrylic

acid or the liquid (meth)acrylic ester is not rﬁstri ﬁted Typi cal |y,
t he oxygen edl n owever usted such that the oxygen content
| the T quithe EHRUHEBIReR LR Aol GatDaais Tty rtoagalc |
30 between @stsrarmt wtrigieeh Typicalis thebdxygtrefeadion hbwawst, i4 Gdjupteratch thaf Be
preferably brfgsmenntenin theIQuiBRMeth)acrylic acid or the liquid (meth)acrylic ester is
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The oxygen saturation in the liquid {meth)acrylic acid or the liquid {meth)acrylic ester
depends on the oxygen content of the oxygenous gas. In liquid acrylic acid, on

35 introduction of air (at 20°C under atmospheric pressure), 100% oxygen saturation is
achieved when the acrylic acid has an oxygen content of 56 ppm; on infroduction of so-
called lean air with an oxygen content of approx. 8%, 100% oxygen saturation is
achieved at an oxygen content of liquid acrylic acid of 25 ppm. Using pure oxygen, in
contrast, up to 280 ppm of oxygen are dissolved in the fiquid acrylic acid.

40
In principle, it is necessary that the supply of the oxygenous gas is controlled. To this
end, a sensor to determine the oxygen content in the liquid (meth)acrylic acid or the



The oxygen saturation in the liquid (neth)acrylic acid or the liquid
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immersed tubes optionally provided with further orifices. The devices are preferably
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30  If the addition of stabiizer is still required, the method of addition of the stabilizer is not
restricted. The stabilizer added may in each case be added individually or as a mixture
in liquid form or dissolved in a suitable solvent, in which case the solvent itself may be
a stabilizer, as described, for example, in German patent application
DE 102 00 583 A1,

35
When a mixture of a plurality of stabilizers is used, they can each independently be
supplied at the same or different metering sites among those mentioned above. When
a mixture of a plurality of stabilizers is used, they may also each independently be
dissolved in different solvents,

40
For sufficient inhibition of polymerization, it is necessary that the concentration of the
stabilizer per individual substance may be between 1 and 10 000 ppm, preferably



bet ween 10 and 5000 ppm nore preferably between 30 and 1000 ppm
even nore preferably between 50 and 500 ppm and especi ally between
100 and 300 ppm ppm .and percentage figures used in this docunent
rel ate, unless stated otherwise, to 5 pétcentages and ppm by wei ght.
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detected™n the liquid acrylic acid. 30 Exanple 2In the plant
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E 8 e ox%/g teR mggdgztamﬁmwah%for begaid achfic labid FXoRERIIR) o a%é&tﬁ&at%ﬂﬂ;roﬁ%n
m o € \Siih int ) H.b&g{ crylic
acid was O. (?)3 é) 4:; 85% l E%HI% ?!18 & Egerﬁ?'é%md%% [ e?}’J I?Eﬁ:@%é"%&]e}\g ,d%é'?'%{erwas
metered intd"1He ‘ﬁ‘&?d“ a8 IG5 8Os A witha purey oL49.6% pada terapasatyre of
nB8/ h in t he 8ideagdewn offia a skedraxyiermgersnessvmEmenivigs carried out after
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30 Example 2

In the plant described in Example 1, air with a feed rate of in each case 1.5 m3h was
metered into the substream of liguid acrylic acid (T = 35°C) from two lines in the
pumped circulation system. The oxygen-enriched substream of acrylic acid was

35 recycled to the stari of the side draw line and mixed with the liquid acrylic acid which
had been drawn off directly from the rectification column (T = 75°C). Subsequently, the
oxygen measurement was carried out as in Example 1 after approx. 50 m of the side
draw line. The oxygen content in the liquid acrylic acid was 0.3-0.4 ppm.

40 Example 3



‘carried out .as in Exanple 1 after approx. 50 mof the side draw |ine.
The oxygen content in the liquid acrylic acid was 12 ppm 5
Conparative exanple In the plant described in Exanple 1, the oxygen
was netered onto the separating tray at % he level of the side draw
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i ntroduci ng “QRteaki genisiuisl agadic peid was @ ppmmet h) acryl i ¢ acid and/ or the
5(nmeth)aérylic ester, wherein the (nmeth)acrylic acid and/or the

(met h) acryl ic%n?p%rrﬁﬁze@ I%degree of purity of at least 95% and is in
the liquid state: 2. The process according to claim1, wherein the
oxygen content of the oxygenous gas is between 0.1 and 100% by
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under the r&3dPRSN i tions. 5. The process according to any of

the preceding clains, wherein the oxygen



content is between 0.3 and 56 ppm by virtue of the introduction of

t he oxygenous 20gas. 6. The process according to any of the preceding
clains, wherein-the supply of air is be en 0.1 and 10 nB/. 25 7. The
process according to any of the precedih@eclains, wherein the supply
of air is b€lamen 0.5 and 6 nB/h. 8. The process according to any of
the preceding clainmns, mherein the introduction of the oxygenous gas

t I id and/or liquid
30( et h) acr 1 1 cR@SERs i riptg befstieait ok Endatn E icanslar Tgfhagi
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liquid (meth)acrylic acid or “of t crylc ester in the

front third of the Iine through WhICh the pure product is conducted.
The process according to claim 1, wherein the oxygen content of the oxygenous

gas is between 0.1 and 100% by volume.
10
3. The process according to claim 1 or 2, wherein the oxygen content of the
oXygenous gas is between 1 and 50% by volume.

4. The process according to any of the preceding claims, wherein the oxygenous
15 gas is air or a mixiure of air with a gas which is inert under the reaction
conditions.

9.  The process according to any of the preceding claims, wherein the oxygen

content is between 0.3 and 56 ppm by virtue of the introduction of the oxygenous
20 gas,

6. The process according to any of the preceding claims, wherein the supply of air
is between 0.1 and 10 m3/.

25 7.  The process according to any of the preceding claims, wherein the supply of air
is between 0.5 and 6 m¥h.

8.  The process according to any of the preceding claims, wherein the introduction of
the oxygenous gas into a line comprising liquid {meth)acrylic acid and/or liquid
30 (meth)acrylic ester which is supplied, as a pure product, after distillative or
rectificative purification in a column, through a top or side draw to tank
dispensing.

8.  The process according to claim 8, wherein the oxygenous gas is metered in in
35 flow direction of the liquid (meth)acrylic acid or of the liquid {meth)acrylic ester in
the front third of the line through which the pure product is conducted.



