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·purification of crude (meth)acrylic acid 

The present invention relates to a process for removing aldehydes 
5 from crude (meth)acrylic acid which has been produced by the cat­

alytic gas-phase oxidation·process, in which the crude 
·cmeth)acrylic acid is admixed wi-th a hydrazine derivative and the 
(meth)acrylic acid is distilled from the mixture. 

10 (Meth)acrylic acid is used as an abbreviation and denotes acrylic 
acid or methacrylic acid. 

(Meth)acrylic acid, either as such or in the form of its esters, 
is pa~ticularly important for· preparing polymers for a very ~i~e 

15 range ·of applications, e.g. use as adhesives. 
. .:J 

(Meth)acrylic acid can be obtained, inter alia, by catalytic gas­
phase oxidation of alkanes, alkanols; alkenes or alkenals con'."" 
taining 3 or 4 carbon atoms. It can be. particuiarly advantageous-

20 ly obtained, for·example,·by catalytic gas-phase oxidation of 
propene, acrolein, tert-butanol, iso~butene, is~butane, iso­
butyraldehyde or methacrolein. However, other possible starting. 
compounds are those from which .. the actual.. c4 starting compound is 
only formed as an intermediate du~ing the gas-phase oxidation. An 

25 example which may be mentioned is the methyl ether of tert­
butanol. These starting gases, generally diluted with inert gases 
such as nitrogen, co2 , saturated hydrocarbons and/or steam, are 
passed in admixture with oxygen at elevated temperatures and, if 
desired, superatmospheric pressure over_transition metal mixed 

30 oxide.catalysts, oxidized to (meth)acrylic acid and separated 
from the product gas stream by absorption. in a suitable absorbent 
(e.g. water or a mixture of .from 70 to 75 t by weight of diphenyl 
ether and from 25 to 30 i by weight of blphenyl) (cf., for exam­
ple, BP-A 297 445 and DE-C 21 36 396). 

35 
After removal of the absorbent (and, if desired, prior desorption 
by stripping, e.g. using air, of contaminants having a low solu­
bility 1n the absorbent} by extractive and/or distillative sepa­
ration processes (e.g. removal of the absorbent water by distil-

40 lation, azeotropic distillation or extractive separation of .the 
~cid from the aqueous solution and sUbsequent distillative re­
moval of the extractant), there is obtained an acid which is here 
described ~~ crude (meth)acrylic acid. 

45 owing to numerous parallel and secondary .reactions occurring in 
the course of the catalytic gas-phase oxidatiort, the crude 
(meth)acrylic acid does not form a pure product. Rather, it 
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contains a spectrum of various contaminants (in general of the 

. order of !S. 2 I by weight, cf. EP-B 169 254) ·comprising mostly al­
dehydes related to the starting compounds of the catalytic gas­
phase oxidation and to the resulting (meth)acrylic acid. Crude 

5 (meth)acrylic acid therefore generally contains formaldehyde,. 
ac~taldehyde, acrolein, methacrolein, propionaldehyde, n-butyral­
dehyde, benzaldehyde, furfural and.crotonaldehyde, as well as 
acetic, formic and propionic acid as contaminants. 

10 For various applications of (meth)acrylic acid, the contaminants 
contained in the crude (meth)acrylic acid have a disadvantageous 
effect (cf., for example, DE-B 22 07 184). Thus, for example, the· 
induction time of polymerization reactions, i.e. the.time between 
reaching the polymerization temperature and the actual commence-

15 ment of polymerization, may not be reproducible or the degree of 
polymerization may be reduced •. The polymers can· also tend to -be'-· 
come discolored. 

Efforts are therefore made, for such applications, to 1argely re~ 
20 move the contaminants from the crude (meth)acrylic acid and to 

convert crude (meth)acrylic acid into.pure (meth)acrylic acid. 
This is generally carried out by distillation.,. e.g. by two 
successive rectification stages to remove.contaminants boiling at 
a higher or lower temperature than the· (meth)acrylie acid (cf., 

25 for example, EP-B 102 642). 

However, a problem is tha.t at least a part of the aldehydic con­
taminants is so similar in its physical behavior to the (meth)­
acrylic acid that a removal of the same·by rectification alone is 

30 only possible using an uneconomical· number: of separation plates. -
and/or an uneconomical reflux ratio. 

GB-B 1 346 737 arid DE-B 22 07 184 accordingly disclose a process 
for purifying crude acryl~c acid wherein compounds containing an 

35 -NH2 group are added to the c.rude acrylic acid and the acrylic 
acid is distilled from the mix~ure. The primary amines bind the 
contaminating aldehydes to a great extent, so that even a subse­
quent simpl~ distillation step achieves a high degree of separa-
tion in respect of the aldehydic contaminants. The smallest 

40 residual amounts of aldehydes are achieved using hydrazine and 
phenylhydrazine as a.mine compounds. However, a disadvantage of 
the use of the latter compounds· is.that hydrazine and phenyl­
hydrazine a~~ not toxicologically acceptable. EP-A 270 999 
therefore recommends admixing crude (meth)acrylic acid, prior to 

45 the distillative workup, with guanylhydrazine (aminoguanidine) 
and/or salts thereof ·(preferably aminoguanidine hydrogen.carbon­
ate) in amounts of from 1 to 3 mol. per mole of aldehyde presen~. 

lli1iii~iiilir 
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However, a disadvantage of aminoguanidine and/or salts thereof is 
that the rate-of their reaction .with aldehydes may not be com­
pletely satisfactory. DE-A 43 35 172 recommends additionally ad­
ding an organic sulfonic acid_ prior to the distillative workup.to. 

5 avoid deposit formation. JP-A 117_716/75 recommends, in the ab­
sence of amine compounds, the combinationphenothiazine/sulfonic 
acid to reduce the polymerization tendency of acrylic acid. 

It is an object of the present invention to.provide a process for 
10 removing aldehydes from crude (meth)acr-Ylic acid which has been 

produced by the catalytic gas~phase oxidation process, in which 
the crude (meth)acrylic acid is admixed with a hydrazine deriva­
tive which does not.have the disadvantages of the abovementione~ 
hydraz·ine compounds of the prior art and the (meth)acrylic acid. 

1s: is distilled from the mixture. 

we have found that this ob~ect is achieved by a process for re­
moving aldehydes from crude (meth)acrylic acid which has been 
produced by the catalytic gas-phase oxidation process, in which 

20 ·the crude. (ineth-)acrylic acid fs··-admixed with a hydrazine deriva­
tive and.the (meth)acrylic acid is distilled from the mixture, 
wherein the hydrazine derivative usect is the hydrazide of .an or-
ganic carboxy-1ic aoid. . - - · 

25 Examples of such hydrazides of organic carboxylic acids are, in 
particular, semiearbazide (carbamic acid hydrazide) and the mono­
hydrazides and dihydrazides of saturated aliphatic monocarboxylic 
and/ or dicarboxylie acids having from ··1 to 1 O carbon· atoms. These 
are, in "particular,"the·hydrazides of formic-acid, acetic acid, 

30 propionic acid, butanoic acid and pentanoic acid. Suitable satu­
rated aliphatic-dicarboxylic ··acids· ·for the corresponding hydra­
zides are, in particular, those which have from 4 to 8 carbon 

.atoms. The dihydrazide of adipic acid and succinic acid are par­
ticularly suitable. Of course, it is also possible to use salts 

35 of the carboxylic acid hydrazides in place of the hydrazides 
themselves. Suitable salts are, for ~xample, the hydrogen carbon­
ate, nit~ate, sulfate or chloride, e.g. semicarbazide hydro~ 
chloride. 

40 The aldehyde content, which has.to be known to determine the ab­
solute amount of carboxylic acid hydrazide to be added, can be 
determined in a manner known to those skilled in the art by high­
pressure liq_uid chromatography (HPLC) after converting the alde­
hydes into suitable derivatives. Generally, at least 0.5 mol, but 

45 usually not more than 5 mol, of carboxylic acid hydrazide com­
pound is added per mole of aldehydic contaminants. The ·amount of 
carboxylic acid hydrazide to be added is, on the same. basis, 
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preferably from 1 to 3 mol and par.ticularly· preferably from 1 to 
2 mol. 

Preferably, the addition of .the carboxylic acid hydrazide of the 
5 invention is carried out only ~~oi;:tly before the distillative 

workup. In other words,· the carboxylic acid hydrazide of th.e in-· 
· vention is added to the crude (meth)acrylic acid, the mixture is 
left for some time (the reaction.time depends on the temperaturei 
at from· 20 to ioo•c, it is from a few minutes to a number of 

10 hours, in practice it is advantageous to leave the mixture to 
stand at room temperature) and is then worked up by distillation.· 
The carboxylic acid hydrazides of. the invention can be added 
either as such or in solution (suitable solvents are, for exam.;.. 
ple, water or (meth)acrylic acid). 

15 
The process of the invention is frequently 'impaired to. a cert.ain 

. extent by the distillation app~r~tus_. ( ip.' particular the vaporizer 
surface) becoming relatively' rapidly coat~d dUring the distilla­
tive separation with a depos·i t which i~ caused by the presence of 

20 the carboxylic acid hydrazide~ of.the invention and/or salts 
. thereof, since it does . not. occur in a disti,l.i.ati ve w<:>rkup of the 
crude {meth)acrylic acid in the absence of these additives {al­
though such an additive-free distillative workup_ results in only 
a low degree of separation of the aldehydic contaminants in the 

25 crude (meth)acrylic acid). 

Obviously, direct reaction products of the carboxylic acid · hy.dra­
zides and/or their salts.witJl the aldehydic.cont~nants and/or 
secondary products· formed from. ~ese during the _distill_ati ve 

30 workup are inv.olv.:e.d in the depo$i.t :formation. 
. . -

It is accordingly also an object of the present. invention to 
provide a process for removing aldehydes from crude (meth)acrylic 
acid which has been produced by the catalytic gas-phase oxidation 

35 process, in which the deposit formation described is reduced. 

We have found that this obje~t is achieved by.a process for re­
moving aidehydes from crude {meth)acryiic acid which has been 
produced by the catalytic gas-phase oxidation process, in which. 

40 the crude {meth)acrylic acic;l is admixed with carboxylic acid hy­
drazide of the invention and/or salts thereof and the (meth)­
acrylic acid is distilled from the mixture, wherein the crude 
(meth)acryli~ acid has added to it, prior to the distillative 
treatment, at least one ·organic sulfonic acid and/or salts 

45 thereof {in particular the alkali metal salts) in addition to the 
carboxylic acid hydrazide and/or salts thereof added. It is ad­
vantageous i·f the organic. sulfonic acid is such that on addition 
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to water at 25 • C it reduces the surf ace tension of the latter. I.n 
general, at least 0.1 mol, but usually not more than 5 mol, of at 
least one organic sulf onic acid is added per mole of carboxylic 
acid hydrazide compound added, since above this amount no im-

5 proved action is achieved. Preferably, from 0.5 to 2 moi of at 
least one organic sulfonic acid are added per mole of carboxylic 
acid hydrazide compound added. The addition of the organic sul­
fonic acid can be either before, simultaneously with or after the 
addition of the carboxylic acid hydrazide compound, as desired. 

10 Furthermore, the· ·addition of the organic sulf onic acid can be 
made only on the trays of the-distillation column, at the top of 
the column or via the runback to the column. The addition of the 
organic sulfonic acid is successful even if deposit formation has 
already occurred. 

15 

20 

25 

Suitable organic sulfonic acids are, ·for example, alkylsulfonic 
acids of .the general formula 

where Rl is Ci- to C20-alkyl. The salts of these alkylsulfonic 
acids are also suitable, in particular the alkali metal salts. A 
preferred representative is methanesulfonic acid and -sal.ts. 
thereof. 

Also suitable are arylsulfonic acids and salts thereof. Suitable 
arylsulf onic acid compounds are toluenesulf onic acids such as 
p-toluenesulfonic acid,. benzenesul.fonic.acid, phenolsulfonic 
acids, xylenesul·fonic .. acids, dibutylnaphthalenesulfonic acids and 

30.salts thereof, in particular alkali metal salts thereof. Particu­
larly suitable, ·ho~v:er·, are alkylarylsulfonic acids and salts 
thereof, among which preference is in turn given to those which 
have only one alkyl substituent.· Aryl is preferably a benzene or 
naphthalene ring system •. 

35 

40 

45 

The alkyl radical advantageously has from 5 to 16 carbon atoms. 

Particularly suitable are the alkylbenzenesulfonic acids and 
salts thereof, i.e. compounds of the general formula 

, 
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· · where M is hydrogen or another cation., e.g. an alkali metal· ion, 

and R2 is Cs- to c16-alkyl. 

5 

10 

15 

R2 is preferably c8- to C12-alkyl. 

Among the alkylbenzen~sulf onic acid compounds of the above gen­
eral formula, the dodecylbenzenesulfonic acids and their salts 
are in turn of particular importance. This applies particularly 
to dodecylbenzenesulf onic acid compounds of the general formula 

, 

j 

where n, m are integers whose sum must be 9. Quite generally, the 
arylsulfonic acid compound is preferably adde~ in its fully acid 

20 form, i.e. the arylsulfonic acid is the preferred additive. This 
applies likewise to the alkylsulf onic acid compounds and to aral­
ky~sulf onic acid compounds which are likewise suitable as organic 
sulfonic acid compound to be added according to the invention. 

25 Of course, the process of the invention can also be used for re-

30 

· moving aldehydes from (meth)acrylic acid which is not crude 
(meth)acrylic acid, i.e. which have been obtained in.a way other 
than by gas-phase catalytiC'. oxi.dation of c3-c4 compounds and thus 
is contaminated by aldehydic impurities for other reasons. 

The distillative workup of the crude (meth)acrylic acid modified 
according to the invention is preferably carried o~t under re­
duced pressure, advantageously ~ 100 mbar, generally from 10 to 
100 mbar. Correspondingly, th~ associated boiling temperature is 

35 usucilly in the range from 70 to 1os·c. 

The process of the invention is of particular importance in the 
case of crude methacrylic acid whose preparation by catalytic 
gas-phase oxidation starts ~ith methacrolein, in particular when 

40 the methacrolein is produced by catalytic gas-phase oxidation of 
tert-butanol, iso-~utane or iso-butene or by reaction of formal­
dehyde with propionaldehyde as, described in EP-B 92 097 or EP-
B 58 927, a~~ this particularly when the catalytic gas-phase ox­
idation of the tert-butanol, iso-butane or iso-butene is carried 

45 out using a catalytically active composition of the 9eneral for­
mula I 

-~ 
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Mo12BiaFe!>X1cX2dX3eX4tOn {I), 

where the variables have the following meanings: 

xi 
x~ 

Xl 

X4 

nickel and/or cobalt, 
thallium, an alkali· metal and/or an alkaline earth metal, 
phoshorus, arsenic, boron, antimony, tin, cerium, lead, 
niobium and/or tungsten, 

10 a 
silicon, aluminum~ titanium and/or zirconium, 
from o.s to s.o 

15 

b 
c 
"d 

e 
t 
n 

from 0.01 to 3.0 
from 3.0 to 10.0 
from 0.02 to 2.0 
from O to s.o 
from O to 10 and 
a number which is determined by the valence and amount of the 
elements other than oxygen in I, 

at temperatures of from 300 to 4oo•c and, apart from the specific 
20 temperature-time profile, otherwise under the conditions de­

scribed in DE-A 40.23 239 and the methacrolein obtained is used 
tor further oxidation without intermediate purification. Further­
more, the p~ocess of the invention is particularly suitable when 
the catalytic gas-phase oxidation of the methacrolein, apart from 

25 the specific temperature-time profile, is carried out as de­
scribed in DE-A 41 32 263 at temperatures of from 200 to 350°C or 
as described in DE-A 41 32 648 at temperatures of from 250 to 
4oo·c. 

30 Of course, the process of the invention proceeds in the presence 
of polymeriz.ation inhibitors such as air, hydroquinone, · hydroqui­
none monoethyl ether, paranitrosophenol, paramethoxyphenol and/or 
phenothiazine. 

35 They are usually used in amounts of from so to 1000. ppm, based on 
the crude (meth)acrylic acid. · 

The process of the invention has been found to be particularly 
advantageous in the presence· of phenothiazine and/or aromatic 

40. hydroxy compounds such as hydroquinone and hydroqui_none monome­
thyl ether.as polymerization inhibitors. 

The process~.?f the invention gives, on the one·hand, particularly 
effective distillative removal of aldehydic contaminants from 

45 crude (meth)acrylic acid andl on the other hand, largely sup­
presses the associated deposit formation. The process· of the in­
vention is therefore, for example, not only suitable for 
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batchwise operation, but in particular for continuous operation 
as.is d~scribed in DE-A 42 01 697. 

Examples 

Example 1 

A crude acrylic acid containing a total amount of 420 ppm (based 
on the crude acrylic acid) of ·2-furfural, 3-furfural and benzal-

10 dehyde·was admixed at 25°C with 1100 ppm of aminoguanidine hydro­
g~n carbonate and subsequently left to ·stand while being main­
tained at 25 •.c. The content of the abovementioned · aldehydes was 
determined as a function of time by means of _gas chromatography. 
The results obtained are: 

15 

Time (min) Total amount of 
aldehyde (ppin, based 

on crude acrylic 
acid) 

20 5 380 
30 250 
60 80 

25 Example 2 

30 

35 

As Example 1, but the aminoguanidine hydrogen carbonate was re­
placed by an amount of adipic acid dihydrazide equimolar to the 
1100 ppm of _the former. Results obtained were: 

Time (min) -Total amount of 
aldehyde (ppm, 
based on crude 
acrylic· acid) 

5 300 
30 .. 

100 
60. 10 

40 Example 3 

45 

As Example l, but the aminoguanidine hydrogen·carbonate was re-
. placed by an amount of succinic acid dihydrazide equimolar to the 

1100 ppm of-the former. Results obtained were: 
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Time (min) Total amount of 
~ldehyde (ppm, based 

on crude acrylic 
acid) 

5 5 20 
30 .. 10 
60 10 

10 Example 4 

In a glass rectification column for continuous operation, whose 
vaporizer was a glass convection-circulation vaporizer w~ich was 
heated by means of a metallic, elect~ically heatable plug, 

15 
140 ml/h of a crude acrylic aci~ were· contin_uously fed in via the 
vaporizer, the-crude acrylic acid having.been obtained by cata-:- . 
lytic gas-phase oxidation·of a~rolein as desc~ibed in Example Bl 
of DE-A 43 02 991 and subsequent workup of the reaction gases as 
described in Example Bl of DE-A 21 36 396. ~he s~e amount of 
crude acid was continuc;1usly.taken from.the vapori"zer. The vapor-20 

.. 25 

ized crude acid was condens_ed above the rectificat.ion column and 
quantitatively returned as runback to the top of the column. The 
column was stabilized by means.of phenothiazine fed in at the top 
of the column. Before being fed to :the vaporizer, the crude 
acrylic acid had been a~xed with 1400 ppm of its weight of 
adipic acid dihyrazide. During the rectification, a deposit 
formed on the heating plug, the amou~t ··of the deposit equilibrat­
ing after an operating time of 8 hours. Th~ result is shown in 
the following table. Th~ ~able_,ls~ shows the resuit which was 

30 obtained when tl:le crude acrylic .. acid was admixed .. directly before 
being fed into.tile vaporize;:- with 1.5.mol of dodecyibenzenesui­
fonic acid per m0le of adipic acid dihydrazide present (after 
40 hours). 

Table 
35 

no addition of sulfonic· 
acid 2400 mg of deposit after 8 hours 
with dodecylbenzene-

40 sulfonic. acid < 10 mg of deposit after 40 hours 

45 
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* C L M ·· .. ~ * 
We claim: 

. . . 
1. A process for purifying an aldehyde-contaminated (meth)-

5 acrylic acid by admixing the (meth)acrylic acid with a hydra­
zine derivative and distilling the (meth)acrylic acid from 
the mixture," wherein the hydrazine derivative used is a car­
boxylic acid hydrazide and/ or the sa1 t· .thereof. 

10 2. A process as claimed in claim 1, wherein the hydrazine · 
derivative used is. the hydrazide of a saturated aliphatic 
monocarboxylic and/or dicarboxylic acid having from 1 to 10 
carbon atoms. 

15 3. A process as claimed in claim 1 or.2,.wherein the carbox.ylic 
acid hydr.azide used is· the. dihydrazide· of adi.pic acid or suc­
cinic acid. 

4. A process as claimed ·in any .. of claims · l to · 3, wherein from 
20 0.5 to 5 mol of organic carboxylic acid hydrazide compound is 

used per mole of aldehydic contaminat_ion. 

5. A process as claimed in any of claims 1 to 4,-wherein the 
aldehyde-contaminated (meth)acryl.ic acid. is a crude (meth)-

25 acrylic acid which has been produced by the catalytic gas­
phase oxidation process. 

30 

6. A process as claimed in any of _claims 1 .to .5, which is car­
ried out continuously.._ · 

7. A process as claimed · in ·any ·of claims 1 to 6, wherein the 
aldehyde-contaminated (meth)•crylic acid has added to it, 
prior t:o the _distillative.treatment, at least· one organic 
sulfonic acid and/or a salt thereof in addition to the car-

~5 boxylic acid hydrazide and/or _salts thereof added. 

8. A process as claimed in any of claims 1 to 7, wher~in up to 
5 moi of at least one organic sulfonic acid and/or a salt 
thereof is added per mole of carboxylic acid hydrazide com-. 

40 · pound added. 

9. A process as claimed in any. of claims f to 8, wherein from 1 
to 3 mq~ of carboxylic acid hydrazide and/or ~~lts thereof 
are added per mole of aldehydic eontaminants, and from 0.5 to 

45 2 mol of at least one organic sulfonic acid and/or a salt 
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thereof are added per_ mole of carboxylic acid hydrazide com­
pound added. 

10. A process as claimed in any of claims 1 to 9, wherein the 
5 . sulf onic acid compound added comprises dodecylbenzenesulf onic 

acid. 

10 

15 J. 

20 

25 

30 
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