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Process for the selective preparation of acetaldehyde from acrolein and one or more
ammonium salts dissolved in water

The present invention relates to a process for the selective and continuous
preparation of acetaldehyde from acrolein.

A considerable proportion of acetaldehyde is used for the preparation of acetic
esters. For example, ethyl acetate is prepared in a rearrangement reaction with
aluminium alcoholates as a catalyst (Claisen-TiS¢enko reaction). A substantial
proportion is also used with formaldehyde for the production of pentaerythritol, an
intermediate in the production of alkyl resins and plasticizers and emulsifiers.
Furthermore, acetaldehyde is an intermediate in the preparation of butadiene starting
from acetylene via acetaldol and its hydration product 1,3-butanediol. The formation
of the acetaldol, which can be dehydrated to give crotonaldehyde, takes place by
aldol addition of acetaldehyde. The reaction of acetaldehyde with nitrogen
compounds to give pyridine and derivatives thereof is becoming increasingly
important. Thus, 5-ethyl-2-methylpyridine is prepared in a liquid-phase reaction from
acetaldehyde and ammonia. Addition of formaldehyde or acrolein leads to the
formation of pyridine and alkylpyridines. Acetaldehyde is further used in the
production of peracetic acid, in the oxidation with nitric acid to give glyoxal or
glyoxalic acid and in the addition reactions with hydrocyanic acid to give lactonitrile, a
precursor of acrylonitrile, and acetic anhydride to give ethylidene diacetate, an
intermediate in the vinyl acetate process [Eck2007].

According to the prior art, acrolein can be prepared, inter alia, from the dehydration of
glycerol, which occurs as the “waste product” in relatively large amounts in biodiesel
production, in near-critical and supercritical water of the addition of acids [Wat2007]
or salts [Ott2006]. In the reaction of the resulting acrolein with ammonium salts,
acetaldehyde is obtained in high yields.

It is known that acetaldehyde is obtained with a yield of 26% in the dehydration of
glycerol in supercritical water at 500°C and 34.5 MPa and with a residence time of
90 s [Ant1985]. A free radical mechanism by dehydration of the glycerol to 3-hydroxy-
propionaldehyde and homolytic cleavage of this intermediate to give acetaldehyde
and formaldehyde is assumed for the stated conditions. An alternative mechanism
via homolytic cleavage of acetol can be ruled out. The selectivity with respect to
acetaldehyde is lower under near-critical water conditions at 360°C and the same
conditions. Addition of sodium hydrogen sulphate as acidic catalyst merely leads to

CONFIRMATION COPY
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an increase in the yield of acrolein, which presumably results from the acid-catalysed
dehydration of 3-hydroxypropionaldehyde.

It is furthermore known that acetaldehyde forms as a by-product with the dehydration
of glycerol in near-critical water at between 300 and 350°C and 34.5 MPa by addition
of 0.005 M sulphuric acid [Ant1987]. The reaction of a 0.5 M glycerol solution at
325°C and with a residence time of 39 s leads to a molar yield of acetaldehyde of
only 5%. A retro-aldol reaction starting from acrolein via 3-hydroxypropionaldehyde is
assumed as a reaction mechanism, formaldehyde additionally forming and
decomposing into hydrogen, carbon monoxide and carbon dioxide under the stated
conditions. This assumption was confirmed by the use of an equimolar amount of
acetaldehyde and formaldehyde and the cross-aldol reaction to give acrolein. The
reaction of a dilute acetaldehyde solution under non-catalytic or alkaline conditions
leads mainly to the formation of crotonaldehyde. Furthermore, acetaldehyde can be
obtained as the main product by acid-catalysed dehydration from ethylene glycol.
The dehydration of a 0.5 M ethylene glycol solution at 385°C and 34.5 MPa and with
a residence time of 29 s leads to a molar acetaldehyde yield of 40%. A disadvantage
is the corrosive property of the sulphuric acid, especially in near-critical water.

Further investigations into the dehydration of polyols under supercritical water
conditions (385°C, 34 MPa, 20-45 s residence time) are also known [Ram1987]. The
acid-catalysed reaction of a 0.5 M ethylene glycol solution leads to a maximum
acetaldehyde yield of 41% with 45 s residence time. Hydrogen, carbon monoxide,
carbon dioxide and ethylene can be identified as by-products in small amounts. In the
dehydration of glycerol in the near-critical range, acetaldehyde is obtained with a
maximum yield of 12% at 350°C and with a residence time of 25 s and addition of
catalytic amounts of sulphuric acid. The back-reaction or cross-aldol reaction of
acetaldehyde with formaldehyde to give acrolein leads to an acrolein yield of 22%,
based on formaldehyde. Crotonaldehyde, which is formed by aldol reaction of
acetaldehyde, is detected as a further liquid product. The aldol reaction can be
slowed down by addition of acids.

The results of the reaction of glycerol without addition in the near-critical and
supercritical water in a temperature range of 250-475°C, at pressures of 25, 35 or
45 MPa and with residence times of 32-165 s and different starting concentration of
glycerol are likewise known [Bih2002]. Lower temperatures and higher pressures
and longer residence times lead to higher relative selectivities, based on
acetaldehyde, the maximum conversion of glycerol being relatively low at 31%. Two
competing reaction paths are described for the reaction of glycerol. lonic reaction
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steps are preferred at higher pressures and/or lower temperatures, whereas free-
radical reactions take place at lower pressures and/or higher temperatures.
Acetaldehyde can be formed by both routes and is the main product under all
conditions. The reaction mechanisms described for the formation of acetaldehyde
differ here from the reaction routes assumed to date. The complete reaction model
and the kinetic parameters of the reaction of glycerol can, after optimization, be
adapted to the measured data obtained.

It is furthermore known that acetaldehyde forms in the homogeneously catalysed
dehydration of ethylene glycol in near-critical and supercritical water [Ott2005]. Thus,
acetaldehyde can be obtained with a yield of 10% with addition of catalytic amounts
of zinc sulphate to a dilute ethylene glycol solution. By using 20 mM sulphuric acid as
a catalyst, the yield can be increased to about 80% at 400°C and 34 MPa and with a
residence time of 15 s. Moreover, zinc sulphate catalyses the subsequent reactions
of acrolein from the dehydration of glycerol. For an aqueous 1% (g g-') acrolein
solution, the conversion is 62% at 360°C and 34 MPa and with a residence time of
120 s. Liquid reaction products cannot be found. Once again, the corrosiveness of
the sulphuric acid under the stated conditions is disadvantageous.

In addition, it is known that acetaldehyde is obtained in the dehydration of very dilute
aqueous glycerol solutions without addition or addition of sulphuric acid under the
near-critical and supercritical conditions in a batch or flow-tube reactor [Wat2007].
The maximum yield of acetaldehyde is about 23% for the continuous dehydration of a
0.05 M glycerol solution at 400°C and 34.5 MPa and with a residence time of 20 s
and addition of 5 mM sulphuric acid. The yields without catalyst are significantly
lower. The low starting concentrations of glycerol in combination with the use of
sulphuric acid as a catalyst are disadvantageous.

The technical problem to be solved consists in reacting the produced acrolein in a
second state continuously in high yields without use of sulphuric acid and with short
residence times to give acetaldehyde, in order to increase the overall yield of
acetaldehyde from glycerol. This problem is solved by the process according to the
invention, which is characterized in that acrolein and one or more ammonium salts
dissolved in water are reacted continuously under high pressures and at
temperatures of 300-400°C.

The process according to the invention preferably takes place in a pH range of 4-8,
particularly preferably of 4-6.
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It is particularly preferred according to the invention to carry out the reaction in an
acidic reaction medium, with the result that the formation of metal hydroxides and/or
polymerization reactions of the acrolein can be prevented.

Inorganic ammonium salts, in particular ammonium sulphate, ammonium hydrogen
sulphate, ammonium acetate and ammonium dihydrogen phosphate, are particularly
preferred.

The use of the ammonium salts leads to the establishment of a pH range in which the
retro-aldol reaction of acrolein to give acetaldehyde is favoured. In addition to
acetaldehyde, 3-methylpyridine and gaseous products are formed. Formaldehyde,
which could be detected qualitatively, also forms as a coproduct.

The separation of acetaldehyde from 3-methylpyridine can be effected with very little
effort.

The process according to the invention achieves a maximum acetaldehyde yield of
40-62%, based on the starting compounds used.

The process according to the invention can be carried out both directly with the
acrolein-containing reaction mixture of the acrolein synthesis step and with acrolein
purified beforehand.

Depending on the density of the medium, according to the invention residence times
of 5-240 s are preferably set.

According to the invention, the reactions preferably take place at not more than
400°C and 40 MPa.

The process according to the invention can be carried out in standard high-pressure
units. A unit having a flow-tube reactor comprising Inconel625 and a reactor volume
of 4-50 ml is preferred here. The starting mixtures are transported via two preheated
separate trains with not more than 35 ml min-! into the reactor.

The present invention is explained in more detail by the following, nonlimiting
examples.

Example 1
An aqueous solution comprising 0.75% (g g*) of acrolein and 1.77% (g g') of
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ammonium sulphate or 3.15% (g g-') of ammonium hydrogen sulphate or 3.07%

(g g-1) of ammonium dihydrogen phosphate, which corresponds to a molar ratio of
acrolein to ammonium ions of 1:2, is reacted in a two-train high-pressure unit at

30 MPa. The liquid mixture is first heated to 170°C in a preheating stage and then
mixed with twice the amount of hot water so that, at the reactor entrance of a tubular
reactor comprising Inconel625 and having a volume of 49.5 ml, the reaction
temperature of 360°C is established and near-critical water conditions prevail.
Depending on the volume flow rate and density of the reaction medium, residence
times of 60-240 s are established. The reaction solution is then cooled to room -
temperature in a heat exchanger and depressurized to atmospheric pressure. In a
phase separator, the liquid components are separated from the gaseous ones at 2°C.
The liquid phase is collected and the fractions of the detectable components are
determined by gas chromatography. For the quantitative determination of the
acetaldehyde and of the acrolein, 1-butanol is added to the sample as an internal
standard. The acetaldehyde yields determined under the conditions described are
shown in Figure 1. The maximum acetaldehyde yield is 62% at all measured
residence times with ammonium hydrogen sulphate.

Example 2

The reaction takes place with acrolein and ammonium sulphate in a molar ratio of
1:1. An aqueous solution comprising 0.75% (g g') of acrolein is first heated to 50°C
in a preheated stage and then mixed with twice the amount of a preheated aqueous
solution comprising 0.89% (g g-') of ammonium sulphate, so that the reaction
temperature is established at the reactor entrance of a flow-tube reactor (Inconel625;
4.4 ml reactor volume). Depending on the volume flow rate and density of the
reaction medium, residence times of 5-35 s are established. The results are shown in
Figure 2. The maximum acetaldehye yield is 52% at a temperature of 350°C and with
a residence time of 30 s.
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Claims

. Process for the selective preparation of acetaldehyde, characterized in that

acrolein and one or more ammonium salts dissolved in water are reacted
continuously under high pressures and at temperatures of 300-400°C.

. Process according to Claim 1, characterized in that ammonium sulphate,

ammonium hydrogen sulphate, ammonium acetate and/or ammonium
dihydrogen phosphate are used.

. Process according to at least one of Claims 1-2, characterized in that the

acrolein and the ammonium salt are used in a molar ratio of 1:0.125 to 1:2.

. Process according to at least one of Claims 1-3, characterized in that the

reaction takes place at pressures of 20-40 MPa.

. Process according to at least one of Claims 1-4, characterized in that the

contact or residence time is 5-240 s, preferably 30-160 s.

. Process according to at least one of Claims 1-5, the pH of the aqueous

solution being in a range of 4-8.

. Process according to at least one of Claims 1-6, the acetaldehyde yield being

40-62%, based on the starting compounds used.

. Process according to at least one of Claims 1-7, formaldehyde forming as a

coproduct.

. Process according to at least one of Claims 1-8, the acrolein being obtained

from glycerol.
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Figure 1: Yields of acetaldehyde in the continuous reaction of acrolein with

ammonium salts in near-critical water at 360°C and 30 MPa and with
different residence times.
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Figure 2: Yields of acetaldehyde in the continuous reaction of 0.25% (g g-') of
acrolein with 0.59% (g g-') of ammonium sulphate in near-critical water
at 30 MPa and with different temperatures and residence times.
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