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Evaporation of oxidation-sensitive compounds and

evaporator for this purpose

The present invention relates to a process for evaporating a liquid containing
vaporizable oxidation-sensitive compounds.

A variety of evaporators are used in industry for a very wide range of
applicaﬁons. Examples are kettle evaporators, tubular evaporators, thin-film
evaporators, short-paith evaporators, plate evaporators and special evaporam}s for
very highly viscous solutions and for encrusting and corrosive solutions (cf. for

example Ullmanns Enzyklopadie der Technischen Chemie, 4th Edition, Vol. 2,
pages 650 - 663).

The tubular evaporators include self-circulation and forced-circulation evaporators,
inclined evaporators, fast-circulation evaporators, through-circulation evaporators,
rising-film evaporators and also downflow or falling-film evaporators.

These evaporators are also used for evaporating liquids containing vaporizable
oxidation-sensitive compounds.

Such a liquid is obtained, for example, in the preparation of glycolé, in
particular ethylene glycol. In the industrial process for the preparation of
ethylene glycol, ethylene oxide is reacted with a roughly tenfold molar excess
of water, either at atmospheric pressure and 50 - 70$C in the presence of a

catalyst or at a reduced pressure of 20 - 40 bar and 140 - 230$C without a
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catalyst. The preparation of ethylerie glycol is carried out almost exclusively

PRES. -5 30

in a reactor downstream of the direct oxidation of ethylene. The aqueous crude

glycol solution obtained is cdncentrated to about 30% in evaporators and
subjected to fractional distillation in a plurality of columns at reduce pressure

(K. Weissermel and H.-J. Arpe, Industrielle organische Chemie, VCH
Verlagsgesellschaft, 3rd Edition, page 161).

Glycols are oxidation-sensitive,’_panicularly at relativély high temperature. They

are oxidized in particular to aldehydes. For certain uses, for example for the

preparation of polyesters, particularly high purity of the ethylene glycol is
required (99.9% by weight). These glycols must comply with specific values
for the boiling limits, the water content and the acid number (cf. Ullmanns
Enzyklopédie der Technischen Chemie, 4th Edition, Vol. 8, pages 200 - 210;
K. Weissermel and H.-J. Arpe, loc cit, page 162).

It is furthermore known that a thermally gentle distillation can be carried out
by means of a falling-film evaporator connected to a distillation column in order

to obtain heat-sensitive products, the heat-sensitive product being obtained by

removing the falling-film evaporator discharge separately from the circulation .

stream taken off from the distillation column. This distillation process leads
to a reduction in the boiling point of the mixture to be separated and hence
to thermally gentle evaporation (cf. German Patent 3,338,488).

It is an object of the present invention to provide a process for evaporating
a liquid containing vaporizable oxidation-sensitive compounds, in which the
oxidation of the oxidation-sensitive compound is avoided.

It is a further object of the present invention to provide a process for
evaporating a liquid containing vaporizable oxidation-sensitive compounds, in
which the evaporation is carried out under gentle conditions.
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It is" a further object of the present invention to provide a process for

evaporating a liquid containing vaporizable oxidation-sensitive compounds, in

which the evaporated liquid is. rectified.

It is a further object of the present invention to -provide a process for

evaporating a liquid containing vaporizable oxidation-sensitive compounds, in
which the oxidation-sensitive compound is obtained in a very high yield and
there is only véry little contamination with oxidation products.

It is a further object of the present invention to provide a process for
evaporating a liquid containing vaporizable oxidation-sensitive compounds in an

evaporator, in which the oxidation of the oxidation-sensitive compound in the
evaporator is avoided. |

It is a further object of the present invention to provide an evaporator which
enables the abovementioned processes to be carried out.

We have found that the abovementioned objects are achieved by a process for
evaporating a liquid containing vaporizable oxidation-sensitive compounds in an
evaporator, in which the liquid is brought into contact with a heated solid
surface for evaporation, wherein direct contact between a resulting vapor phase
and the heated solid surface is Substantially avoided, and by a process for
evaporating a liquid containing vaporizable oxidgtion—sen“sitive compounds in an
evaporator, in which the liquid is brought into contact with a heated solid

surface for evaporation, wherein essentially the total heated solid surface is
completely wet with the liquid, respectively.

An example of a liquid which can be evaporated in the novel process or by
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means of the novel evaporator is a liquid containing glycol, preferaﬁly ethyleﬁe
glycol. '

In the known processes for the preparation of ethyleme glycol, an aqueous

- ethylene glycol solution is obtained and is then concentrated in a plurality of

stages. The crude glycol is then purified by fractionation.

As in the case of all alcohols, ethylene glycol too is sensitive to thermal

oxidation (autoxidation) as well as catalytic oxidation. The oxidation products

are aldehydes (glycolaldehyde, glyoxal, formaldehyde, acetaldehyde), as well as

- the corresponding acids.

Particularly when ethylene glycol is used .in the polyester preparation, the
presence of these oxidation products is very undesirable and must, where
possible, be avoided.

. The distillation methods and apparatuses known for purification of the ethylene

glycol are described in the literature stated at the outset. In general, first

water, then glycol and then the higher glycol ethers are obtained continuously
in a series of columns connected one behind the other.

For corrosion reasons, it is usually necessary to establish a certain pH in the

weakly alkaline range in the column feeds, which is dchieved, as a rule, by
introducing alkalis. '

Since the vapor spaces of such distillation apparatuses are also semsitive to

corrosion, -alkalis must be used here too with the aid of special spray
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techniques. However, ammonia, which is itself gaseous and thus more easily
distributed, is particularly preferably used.

Evaporators which may be used for these distillation apparatuses are various -

evaporators  as described above. In particular, falling-film evaporators,

circulation evaporators, tubular evaporators, through-circulation evaporators,

thin-film evaporators and plate evaporators may be used, falling-film evaporators
being preferred.

Carbon steel is usually used for the production of distillation apparanises on the
industrial scale.

Owing to the high boiling point of ethylene glycol (197.68C) and its homologs,
the evaporation is carried out, as a rule, under reduced pressure.

Under reduced pressure, however, every distillation apparatus, regardless of its

size, has a certain leakage rate, ie. leaks through which gases from the
surrounding atmosphere enter the apparatus.

Thus, atmospheric oxygen too generally enters the 'reduced-pressure distillation

apparatus and permits the formation of the abovementioned oxidation products
of the glycol.

In certain cases, very great increases in the aldehyde contents of the distilled
glycol were found in industrial plants and could not be readily explained.

We have found, according to the invention, that the oxidation of glycol in the
distillation apparatus is very greatly promoted by contact of glycol in the vapor
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phase with iron particles, as are inevitably entrained in significant amounts in
the liquid stream in a plant consisting of carbon steel. These iron particles or
iron oxide particles, such as magnetite partiéles, can act as a catalyst in the
oxidation of glycol vapor.

the autoxidation, ie. the direct reaction of glycol with oxygen without a
catalyst. "

We have ﬁ.xrthe.rmore found, according to the invention, that the formation of
a large amount of aldehyde as a result of glycol oxidation was absent when the
iron or iron oxide pahicles were not in direct contact with the vapor phase
from the evaporator, for example when the iron particles or magnetite particles

were present below the liquid surface in the bottom product of the distillation.

In the catalytic oxidation in the vapor phase over iron, corrosion of the iron

surfaces occurred at the same time, resulting in the formation of, primarily,
magnetite.

We have found, according to the invention, that the oxidation of the glycol or
other oxidation-sensitive compounds in an evaporator can be prevented if direct
contact between a vapor phase formed and the heated solid surfaces of the

evaporator on which the liquid is evaporated is substantially avoided.

This ensures that the vapor phase cannot be in contact with iron particles or
iron oxide particles, such as magnetite particles.

In an émbodiment of the invention, this is achieved if essentially the total
heated solid surface of the evaporator is always completely wet with the liquid
to be evaporated. This avoids contact of the product-side vapor phase with the

This catalytic oxidation is substantially faster than
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heated solid sprfaces, as well as deposition of any iron particles or iron okidé
particles entrained in the liquid on the heated solid surface, with the result that
contact between these particles and the vapor phase would be permitted.
Essentially the total heated solid surface is preferably to be understood as

meaning the surface which is heated by the heating medium, for example

condensing steam or another suitable heat transfer medium. In an embodiment
of the inventior;,' éuch solid surfaces of the evaporator need mot be in contact
with the liquid to be evaporated if heating by the heating medium, eg. steam,
is prevented by means of suitable appératuses. '

In an embodiment of the invention, those heated solid surfaces of the evaporator
which, owing to suitable apparatuses, the vapor of the evaporated liquid cannot
reach and which thus cannot be in contact with the vapor phase of the product
need not be in contact with the liquid to be evaporaied.

In a preferred embodiment, the heated solid ‘surface of the evaporator consists
of corrosion-resistant steel.  This serves for avoiding surface oxidation
(formation of a miagpetite layer). By means of this measure, contact of vapor

with iron particles or iron oxide particles, such as magnetite particles, is
furthermore prevented.

Evaporator

- The novel process can be carried out in an evaporator comprising a heatable

solid surface, an apparatus for heating the solid surface and an apparatus for

‘feeding a liquid containing vaporizable compounds to the heatable solid surface,

wherein the apparatus for feeding the liquid is designed and arranged in the
evaporator in such a way that direct contact between the resulting vapor phase

T ettt Bt b o
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and the heatable solid surface is substantially avoided.

In an embodiment of the invention, the novel process can be carried out in an

-evaporator comprising a heatable solid surface, an apparatus for heating the

solid surface and an apparatus for feeding a liquid containing vaporizable
compounds to the heatable solid surface, wherein the apparatus for feeding the
liquid is formed and is arranged in the evaporator in such a way that
essentially the total heatable solid surface is wet with the liquid.

In an embodiment of the invention, the heated solid surface consists of
corrosion-resistant steel.

According to the inveﬁtion, the evaporator may be designed as a falling-film
evaporator, self-circulation or forced-circulation evaporator, tubular evaporator,
through-circulation evaporator, thin-film evaporator, rising film evaporator or
plate evaporator, preferably in the form of a falling-film evaporator. The
heatable solid surface may have any desired geometry, provided that heat
transfer is possible. The surface may have different shapes and may be, for
example, in the form of a tube which is smooth or provided with surface
structuring and which may have, for example; a circular, oval or other

cross-section. For example, it may be in the form of a ribbed tube. It may
also be in the form of one or more plates.

In an embodiment of the invention, the evaporator furthermore comprises an
apparatus in which the evaporator is designed as a falling—fihn evaporator,
self-circulation or  forced-circulation evaporator, tubular  evaporator,
through-circulation evaporator, thin-film evaporator, rising film evaporator or
plate evaporator, preferably in the form of a falling-film evaporator.
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In an embodiment of the invention, the apparatus for feeding the liquid
comprises a process wherein the evaporator is furthermore provided witil an

apparatus for recycling liquid flowing away from the surface in the evaporator.

In an embodiment of the invention, the evéporator may be in the form of a
falling-film evaporator having an upper and a lower tube plate, wherein the

upper and/or the lower tube plate of the falling-film evaporator is thermally
insulated. .

This is illustrated in more detail below in the Example.

The novel evaporator may be used as the bottom evaporator of a rectification
column, and the bottom evaporator and the rectification column may have

separate bottoms. This too is illustrated in more detail in the Example.

Oxidation-sensitive compounds

The novel process can be used for any desired vaporizable oxidation-sensitive
compounds, in particular those which may undergo oxidation during evaporation.
In an embodiment of the invention, the vaporizable oxidation-sensitive )
compouﬁds are those which are catalytically oxidized in the vapor phase over

iron particles or iron oxide particles, in particular magneﬁte particles. The

oxidation of these compounds during the evaporation can preferably be prevented
by the novel process.

Examples of the compounds which may be used according to the invention are
alcohols, in particular aliphatic alcohols, such as straight-chain or branched
alcohols of 1 to 20, preferably 1 to 10, particularly preferably 1 to 4, carbon
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atoms.  Suitable examples are methanol, -ethanol, n-propanol, isopropanol,

n-butanol and isobutanol. A further class of vaporizable oxidation-sensitive

Examples of
these are diols of 2 - 20, preferably 2 - 10, in particular 2 - 5, carbon atoms.

Examples are ethylene glycol, propylene glycol and butylene glycol. Ethylene
glycol is particularly preferably used. '

According to an embodiment of the invention, it is furthermore possible to use

polyols, in particular aliphatic polyols. A typical example of a polyol is
glycerol.

Further examples of compounds which may be used are aromatic compounds,
such as phenol or aniline.

According to an embodiment of the invention, the vaporizable oxidation-sensitive
compounds can be fed to the evaporator in pure form. If necessary, they may
contain impurities or byprodixcts. According to a further embodiment of the
invention, the vaporizable oxidation-sensitive compounds are fed to the

evaporator. in at least one liquid, usually in a reaction medium or solvent used.
The liquid may also comsist of a product mixture.

As a rule, the liquid used is the medium in which the oxidation-sensitive
compound to be évaporated is obtained in the synthésis. 'According to an
embodiment in which a diol, in particular ethylene glycol, is used, this is
mainly water. The vaporizable oxidation-sensitive compound, if neéessary in

a liquid containing it, is fed to the evaporator by evaporating it by contact with
a heated solid surface.
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According to an embodiment of the invention, the evaporation takes place under
reduced pfessure, and particularly when the vaporizable oxidation-sensitive
compound has a high boiling point. For example, the evaporation of ethylene
glycol takes place under reduced pressure, usually at 50 - 300, typically about

200, mbar.

Particularly in the case of evaporation under reduced pressure, there is a danger
that atmospherié oxygen may penetrate into the evaporator through leaks in the

apparatus and may promote oxidation of the oxidation-sensitive compounds.

According to an embodiment of the invention, the liquid in the evaporator takes

the form of a circulating bottom product, particularly when the total feed is not

evaporated in the evaporator.

The novel process is illustrated below by an example of a preferred
embodiment. |

The preferred embodiment is explained with reference to the Figures, in which

Fig. 1 schematically shows the connection of a column and a falling-film
evaporator having separate bottoms,

Fig. 2 shows a cross-sectional view -of the upper part of the falling-film
evaporator with a two-stage perforated box distributor and upper tube plate
with intermediate plates, and

Fig. 3 shows a cross-sectional view of the lower region of the

falling-film evaporator with the outlet region for heating medium and
product. '
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- The preferred embodiment of the evaporation system described below is suitable

for carrying out the novel process, in particular for evaporating and purifying
aqueous liquids containing ethylene glycol.

The evaporator used is a falling-film evaporator which permits low thermal
stress on the product owing to the short residence time at high temperature, the
small pressure loss and consequently the small increase in the boiling point

relative to isobaric conditions and the small driving temperature difference
between product and heating medium.

In the present case, the falling-film evaporator is operated by a procedure with
separate bottom. In suitable material systems, for example the ethylene
glycol/water system, this avoids an excessive increase.in the temperature of the
bottom product with unchanged quality of .the bottom product. The procedure

with separate bottom is described in detail in German Patent 3,338,488.

The connection of the falling-film evaporator with the rectification column is
shown in Fig. 1. Here, W1 is thé falling-film evaporator having an inlet 2
for heating steam and outlet 4 for condensate and 6 for uncondensed gases, K1
is the rectification column, only the lower part of which is shown, Pl is the
pump for feeding the bottom product of the column to the distributing means
at the upper tube plate of the falling-film evaporator W1 and P2 is the pump

for discharging the bottom product 8 from the falling-film evaporator.

The bottom product of the rectification column K1 is fed via pump P1 to the
distributing means at the upper tube plate of the falling-film evaporator W1, in.
which a number of tubes are arranged vertically, as shown. The falling-film
evaporator is heated by means of heating steam 2, condensate (4) and
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_ uncondensed gases (6) being removed separately. The bottom product of the

falling-film evaporator is taken off via pump P2. The circulation stream of the
bottom product comprising the liquid flowing away from the lowermost baffles
of the column to the falling—ﬁlin evaporator via pump P1 must be controlied
in such a way that all evaporator tubes are adequately supplied with liquid.
The amount of liquid fed must be sufficient to ensure that enough liquid is
present at the . outflow of the tubes of the falling-film ‘evaporator for the

formation of a stable liquid film over the total circumference of the evaporator

tubes of the falling-film evaporator. In this way, direct contact is avoided

between the vapor phase, which contains, for example, glycol, and the heated
inner surface of the tubes of the falling-film evaporator.

The liquid stream fed to the falling-film evaporator is thus preferably only
partly evaporated. The vapors (the steam) produced flow together with the
unevaporated liquid (back) fo the column if the bottom of the evaporator is full,
and the bottom outflow separate frdm the bottom of the column is located
below the evaporator tubes. The bottom product is removed by means of
pump P2 from this separate bottom of the bottom product stream of the
unevaporated liquid at the outlet of the bottom evaporator.

The liquid fed to the falling-film evaporator W1 must lbe uniformly distributed
over all evaporator tubes 16 in order to ensure the formation of a stable liquid
film in all evaporator tubes, as described above. The:uniforrn distribution of
the liquid can be achieved, according to the invention, by means of a two-stage
perforated box distributor, as shown in Fig. 2.

The liquid to be evaporated is fed via tube 10, after which it is distributed

uniformly over the entire entry surface of the evaporator tubes 16 by means
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of a preliminary distributor 12 and a ‘main distributor 14. The two perforated
boxes (preliminary distributor 12 and main distributor 14) must be arranged in
such a way that about the same amount of liquid is fed to all evaporator tubes.
The liquid then enters the evaporator tubes, down whose walls it trickles, and

is partly evaporated. The inflow of liquid is regulated in such a way that not

. all liquid is evaporated but a stable liquid film is also present at the lower tube

end and covers the entire inner surface of the tube.

The energy requiréd for evaporation is supplied by heating steam, which is fed
to the falling-film evaporator via the inlet 2, in particular via a steam dome

or steam belt 3. Other suitable heat transfer media, for example high-boiling
organic compounds, may also be used.

According to an embodiment of the invention, the 'upper tube plate of the
falling-film evaporator is thermally insulated. ‘This ensures that no heated
components of the falling-film evaporator are free from a liquid film. The
possibility of iron oxide or magnetite particles entrained from upstream units
being deposited on the upper tube plate cannot in fact be ruled out. These
particles may be at least partly in contact with the vapor phase which, accord-
ing to an embodiment of the invention, contains glycol, unless the upper tube
plate 17 is thermally insulated. Usually, the upper tube plate 17 is in direct
contact on its lower side with the heating medium, which is generally steam.

To avoid this direct contact, in an embodiment of the irivention an intermediate

- plate 18 is drawn in below the upper tube plate, as shown in Fig. 2.

According to an embodiment of the invention, the space between the upper tube
plate 17 and the intermediate plate 18 can be filled with a suitable insulating
material. The penetration of heating steam into the space between the upper
tube plate and the intermediate plate can also be prevented by minimizing the
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tolerances of the through-holes for the evaporator tubes 16 in the intermediate

plate 18 so that there is as far as possible no space between the evaporator

tubes 16 and the intermediate plate 18. According to an embodiment of the

invention, the distance D between the upper tube plate and the intermediate
plate may be 20 - 200 mm.

According to an embodiment of the invention, it is possible to dispense with
the thermal insulation of the upper tube plate if it is ensured by the other -
measures according to the invention that the heated surfaces of the upper tube
plate are always completely covered with a liquid film.

Accordmg to an embodiment of the invention, the lower tube plate is thermally
insulated; according to a further embodiment of the invention, both the upper
and the lower tube plates are thermally insulated. The insulation of the lower
tube plate is shown in Fig. 3. The evaporator tubes 16 project downward
through the lower tube plate 20, preferably to the extent permitted or required
by the design of the falling-film evaporator. This may be limited, for example,
by the fact that the. evaporator tubes have to be welded to the lower tube plate
from below as shown in Fig. 3. A circular ring 21 which is connected on the
lower side to a cover pléte 26 which closes the lower side of the tubes 16 is
mounted on the lower side of the lower tube plate. The space between the .
tubes 16, the lower tube plate 20 and the cover plate 26 can be filled with an
insulating material 30. The cover plate 26 shields the insulating material 30
from the vapor phase. As a result of this novel design of the lower tube
plate, heafiﬂg of the cover plate 26 is avoided and hence direct contact of the

dry, heated surfaces with vapor phase containing, for examble, glycol.

According to a further embodiment of the invention, the space between the
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lower tube plate 20 and the cover plate 26 is not filled with insulating ‘material
30 but is cooled in a defined manner by flushing with a suitable liquid or a
suitable gés, for example with cooling water. For this purpose, the’ space
between the lower tube plate 20 and the cover plate 26 must be sealed all

-round. The cooling medium can be supplied and removed through orifices 28,

as shown in Fig. 3 as a vent orifice for the space.

The novel embodiment of the upper and lower tube plates of the falling-film
evaporator, as shown in the Figures, are accordingly applicable to other
evaporator designs which can be used according to the invention, for example
circulation evaporators, such as natural circulation evaporators or forced
circulation evaporators. According to the invention, the insulation is such that
direct contact between a heated surface and the vapor phase, for example

glycol-containing vapor phase, is minimized.

According to an embodiment of the invention, the largest possible area of tube
plate, ie. of the upper and/or lower tube plate, is filled. with tubes. The tube
plate is preferably fully occupied by tubes in order to provide a very small
tube plate surface which could lead to the formation of heated surfaces not wet
with a liquid film. For example, according to an embodiment of the invention,

it may thus be superfluous additionally to provide thermal insulation to the
upper or lower tube plate.

' According to an embodiment of the invention, flow deflector plates 32 may be

arranged, as shown, for example, in Fig. 3, at the lower tube outlet of the
falling-film evaporator- for reducing the pressure loss and for shielding the liquid
surface in the bottom of the evaporator. The vapors, ie. the steam, are fed

to a column K1 via a connection 24. The bottom product of the evaporator
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can be taken off via the connection 34 by means of pump P2.

The falling-film evaporator W1 can be operated with any suitable heat medium.

For energy reasoms, it is preferably -operated with steam, if necessary with

_superheated steam under superatmospheric pressure. If the heating medium used

is steam, which is also referred to as heating steam, the momentum of the
heating steam can be broken outside the falling-film evaporator in a steam dome
or steam belt .(3). To protect the evaporator from erosion by liquid drops
entrained in the steam, a slat blind for protecting the evaporator tubeé may
additionally be arranged on the feed side of the heating steam. - '

To avoid the formation of iron oxide or magnetite particles, the falling-film

evaporator is made of stainless steel, for example of stainless steel 1.4541 or
an equivalent steel.

The evaporator used | according to the invention, in particular the falling-film
evaporator shown in the Figures, is fed with liquid to be evaporated, in such
a way that a stable liquid film is formed over the total tube length in the
falling-film evaporator. For this purpose, the amount of liquid stream fed from
the column K1 by means of pump P1 can be appropriately controlled, as can
the temperature of the heating medium and the pressure on the vapor side of
the falling-film evaporator. According to the invention, reduced pressure can
be employed for evaporating high-boiling substances, in particular for
evaporating liquids containing ethylene glycol. |

The effect of the contact between the vapor of the vaporizable
oxidation-sensitive compound and iron or iron oxide particles, in particular

magnetite particles, which forms the basis of the present invention, is illustrated
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in the Examples below.
Example 1:

The effect of different materials in the distillation apparatus on the oxidation
of ethylene glycol, ie. the aldehyde formation, was investigated in laboratory

experiments. Distillation experimerits with ethylene glycol were first carried out .
for this purpose.

The simple distillation apparatus used consisted of a still with an air leak tube,
a packed column (length 40 cm, diameter 2.5 c¢m), an ascending condenser, a
receiver and an apparatus for generating reduced préssure. Ethylene glycol was
initially taken in the still and distilled at 200 mbar- at a temperature of 150 -
160$C in the bottom. The distillation was terminated when 87% of the initial
bottom content had been distilled, ie. 13% of bottom product remained behind.
The duration of the experimenf waS about 2 hours. The column contained
packing. Rings of glass, stainless steel or iron were used as packing in
various experiments. Either air or nitrogén was bubbled in via the air leak
tube. The results are summarized in the Table below, the numerical values

indicating the content of aldehyde .in the distillate or bottom product in ppm
(parts per million).

Table 1
Distillation of ®thylene glycol over various

column packings

values : acking
dehyde Class Tron Stainless steel
ree: 15 ppm :
otal: 22 ppm “Tree total Tree toal  free total
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Bottom product

Bottom j)mduct

The aldehyde concentrations were determined by the ‘MBTH method, as described
in E. Savicky et al., Analyt. Chem. 33 (1961), 93 - 96. This method is used
for the photometric determination of free and bound aldehydes. The difference
between free and total aldehyde is the bound aldehyde, which in the present

case is in the form of, for example, acetals and hence not accessible to direct

_determination.

The stated balances give the r'espe_ctiw)e average total aldehyde contents in the
ethylene glycol, the bottom product/distillate ratio of 13 : 87 being employed.

The Table shows that, when air was bubbled in, a high level of aldehyde
formation occurred for all packings used.

In addition, aldehyde formation is highest when iron rings are used as packing
and lowest when stainless steel rings are employed as packing. The choice of
the material for the packing thus has an effect on the formation of aldehyde in
the distillation of ethylene glycol. The presence of iron rings as packing
promotes the formation of aldehyde from ethylene glyco_l; The formation of a

* grainy, readily mobile black deposit was observed on the iron rings as packings

during the distillation, wherein the stainless steel rings were only tarnished.
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Example 2:

In a further experiment, ethylene ‘glycol. was refluxed in the appafatus described
above, under otherwise identical conditions. Thus, no ethylene giycol was
distilled off. This made it possible to establish contact between vépor phase and
tested material as packing for a relatively long period.

In this experiment, the column was run either as an empty glass column or as

a glass column operated with iron turnings. This served to simulate an iron

- reflux condenser or a corresponding evaporator of this material with gas phase'

contact. The results of the experiments are shown in Table 2, the total
aldehyde content in each case being stated in ppm.

The initial concentration of aldehyde in this case was 23 ppm.

Table 2

Aldehyde
[ppm]

ontrol experiment without iron

‘gs

The aldehyde contents determined show that the oxidation of ethylene glycol in
the presence of air over an iron surface takes place to a substantially greater
extent than in corresponding control experiments in the empty glass column

(experiment No. 4) or under a nitrogen atmosphere (experiment No. 3). Owing
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- to the longer residence or contact times, the effect of the material used in the
condenser or the column is much more pronounced than in the preceding
Example. The Example shows that the contact of the vapor phase with iron

- leads to substantially increased formation of aldehyde as an oxidation product of

‘the ethylene glycol.

Example 3:

As a further comparative experiment, ethylene glycol was refluxed in the
apparatus described above, an empty glass column being used. The atmosphere
used was air. During reﬂuxing,. iron turnings or steel rings comprising V2A
stainless steel were initially taken in the bottom and were completely cevered

by the bottom product, ie. could not come into contact with the gas phase.

The aldehyde content of the bottom product was 23 ppm at the beginning of the

experiment. The Table below shows the total aldehyde values measured after |

an experimental time of 20 hours.

Table 3

Atmosphere Aldehyde [ppm]

38
39
2A stainless steel i 37

The measured aldehyde contents at the end of the experiment clearly show that
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iron or steel which is present in the bottom product of the distillation but cannot

come into contact with the gas phase has no significant effect on the oxidation

of ethylene glycol to aldehyde. When immersed iron or steel was used, the

concentration of aldehyde did not change in comparison with the empty glass

apparatus.  Thus, it is clear that the increased aldehyde formation during

‘evaporation of ethylene glycol takes place in the gas phase.

Example 4 (Cofnparative Example:

In an industrial plant for the production of e;hylené glycol, a conventional
falling-film evaporator which was produced from carbon-containing steel was used
for evaporating the resulting ethylene glycol/water mixture. During operation of

the evaporator, the aldehyde contents of the evaporation product increased to
above 50 ppm. |

Example 5:

In the industrial process for the production of ethylene glycol according to

Example 4, the conventional falling-film evaporator was replaced by a-

falling-film evaporator as described above as a preferred embodiment.. The
arrangement corresponds to the arrangements shown in Figs 1 - 3. The

falling-film evaporator consisted of stainless steel 1.4541. The falling-film

. evaporator was operated by a procedure with separate bottom. The amount of

liquid fed to the falling-film evaporator was adjusted so that sufficient liquid was
present at the outflow of the tubes of the falling-film evaporator to form a
stable liquid film over the total circumference of the evaporation tubes of the

falling-film evaporator. According to the invention, the uniform distribution of

TR ARl T
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the liquid was achieved by means of the two-stage evaporated box distributor,

as shown in Fig. 2. -The energy required for evaporation was supplied by

_heating steam. In the falling-film evaporator used, the lower tube plate was

thermally insuiated, as described in detail above. The space between the tubes,
the lower tube plate and the cover plate was filled with an insulating material.

In the falling-film evaporator used. according to the invention, the tube plate was
fully occupied by tubes.

In the evaporator, flow deflector plates were arranged at the lower tube outlet,
as shown in Fig. 3.

The use of the novel falling-film evaporator led to an 'aldehyde content which

remained below 10 ppm even when the process- was carried out over a long
period. |

The experimental results indicated above clearly show that the oxidation of the
oxidation-sensitive compound can be greatly reduced by preventing direct contact
between a resulting vapor phase of a vaporizable oxidation-sensitive compound
and a heated solid surface present in the evaporator. This can be achieved in
particular if the total heated solid surface is in contact with the liquid to be
evaporated. According to an embodiment of the invention, preventing contact
with iron or iron oxide particles, such as magnetite particles, present in the

system leads to more effective evaporation with a lower level of formation of

. Oxidation products.

ormm nF W
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REPLACED I NAE19950669PC IB/mo
We claim:-
1. A process for evaporating a liquid containing vaporizable

oxidation-sensitive compounds in an evaporator, in which the liquid is brought
into contact with a heated solid surface for evaporation, wherein direct contact

between a resulting vapor phase and the heated solid surface is substantially
avoided.

2. A process for evaporating a liquid containing vaporizable
oxidation-sensitive compounds in an evapofator, in which the liquid is brought
into contact with a heated solid surface for evaporation, wherein essentially the
total heated solid surface is completely wet with the liquid.

3. A process as claimed in claim 1 or 2, wherein the vaporizable

oxidation-sensitive compound is a glycol, preferably ethylene glycol, and the
liquid contains water.

4, A process as claimed in any of claims 1 to 3, -wherein essentially the

total heated solid surface is brought into contact with the liquid by adjustment

of the liquid stream fed to the evaporator and by uniform liquid distribution at

the inlet into the evaporator, preferably by means of a perforated box
distributor. |

is Sheet Has Been RTlaced
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5. A process. for the preparation. of highly pure vaporizable
oxidation-sensitive compounds, which comprises an evaporation step as claimed

in any of the preceding claims.

6. An evaporator comprising a heatable solid surface (16), an apparatus

(2, 3) for heating the solid surface and an apparatus (10) for feeding a liquid
containing vaporizable compounds to the heatable solid surface, wherein _the
apparatus for feéding the liquid is designed and is arranged in the evaporator

in such a way (12, 14, 18) that direct contact between the i'esulting vapor phase
and the heatable solid surface is substantially avoided.

7. An evaporator comprising a heatable solid surface (16), an apparatus

(2, 3) for heating the solid surface and an apparatus (10) for feeding a liquid
containing vaporizable compounds to the heatable solid surface, wherein the
apparatus for feeding the liquid is designed and is arranged in the evapbrator

in such a way (12, 14, 18) that essentially the total heatable solid surface is in
contact with the liquid during operation.

8. An evaporator as claimed in claim 6 or 7, wherein the heatable solid
surface (16) consists of corrosion-resistant steel.

0. An evaporator as claimed in any of claims 6 to 8, wherein the apparatus

for feeding liquid containing vaporizable compounds comprises one or more

. perforated box distributors (12, 14) connected in series.

10.  Use of an evaporator as described in any of claims 6 to 9 as the bottom
evaporator of a rectification column (K1).

T




