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30  possible to produce alkene derivatives and a stream rich in alkanes at a lower energy cost
than a conventional process using a feedstock of alkenes of high purity and not employing a
permeation stage.

Unlike the process as described in the document US 4 532 635, the process according
35  to the invention, which comprises a stage of separation by permeation, makes possible the
recovery of most of the oxygen and the removal of the carbon oxides and argon, while

avoiding recourse to an additional energy-consuming unit operation.
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The separation by permeation of the present invention makes it possible to selectively
separate the inert compounds from the hydrocarbons at a lower operating cost than a
cryogenic distillation, such as that described in document US-B-6 423 875. This is because
the pressure and the temperature which are necessary for the separation by permeation are
typically 10 bar (1 bar = 0.1 MPa) and 50°C, whereas the cryogenic distillation as described
in US-B-6 423 875 requires a pressure of greater than 50 bar and, by definition, cfyogenic
temperatures. Moreover, the separation by permeation exhibits the advantage of being
continuous, of not requiring a regeneration stage (consumption of external gas and the
production of effluents to be treated), of not presenting the risks related to an excess
concentration of oxygen of the adsorption processes and, finally, of making it possible to
purge the argon, which is regarded as thermal poison as a result of its low specific heat and
which, if it accumulated in the process, would damage the thermal properties of the gas

ballast.

In addition, this makes it possible to reduce the size and thus the cost of the
alkenes/alkanes separation process located upstfeam (for example a fractionation colummn),
and even to eliminate it if the process for production of alkene derivatives is the only
process using this feedstock. The operating costs (energy to separate the alkanes from the
alkenes) of the fractionation column are also considerably reduced. Another advantage lies
in the fact of carrying out an oxidation reaction in a gas stream rich in alkanes, which
constitutes a thermal ballast. This oxidation ideally will be carried out by virtue of a stream
predominantly comprising oxygen (at least 50% by volume), preferably at least 90%, in
order to minimize the presence of nitrogen (or other inert compounds) and to benefit from

the advantages of a thermal ballast mentioned above.

According to specific embodiments, the invention can comprise one or more of the

following characteristics:

- a non-zero proportion of said second stream predominantly comprising one or
more hydrocarbons is employéd in stage a). This makes it possible to increase the
fraction by volume of ballast in the feedstock of alkenes converted in stage a).
This is because this feedstock generally originates from a column for the
fractionation of alkanes/alkenes, from a steam cracker or catalytic cracker
(optionally followed by hydrogenation of the diolefins) or from a unit for the
dehydrogenation of alkanes. The ratio by volume of the alkanes to the alkenes is
then generally between 1/20 and 20. The recycling of said second siream
predominantly comprising one or more hydrocarbons in this feedstock makes it
possible to adjust upwardly the ratio by volume of the alkanes to the alkenes. In
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stage a), before conversion, the ratio by volume of alkanes to alkenes must be at

least equal to 1.

- said stream comprising one or more alkenes and one or more alkanes employed in
5 stage a) comprises from 2% to 20% of alkenes by volume. Preferably said siream
comprising one or more alkenes and one or more alkanes emplojed in stage a)

comprises at least 20% of alkanes.

- the process additionally comprises a stage d) prior to stage a) of reaction of a
10 stream predominantly comprising one or more alkanes with a stream
predominantly comprising oxygen in order to obtain at least said stream

comprising one or more alkenes and one or more alkanes employed in stage a).

- a non-zero proportion of the second stream, obtained in stage c¢), predominantly

15 comprising one or more hydrocarbons, is reacted in stage d).

- the process additionally comprises a stage f), adjacent and prior to stage c), of
catalytic oxidation of carbon monoxide, optionally present in said residual stream
predominantly comprising one or more hydrocarbons and one or more inert

20 compounds, to give carbon dioxide. Stage f) can relate to all or part of said

residual stream.

- the process additionally comprises a stage g), adjacent and subsequent to stage c),

of catalytic oxidation of carbom monoxide, optionally present in said second

25 stream predominantly comprising one or more hydrocarbons, to give carbon
dioxide. Stage g) can relate to all or part of said second stream predominantly

comprising one or more hydrocarbons.

- said alkenes predominantly comprise, and preferably are, propylene, said alkanes
30 predominantly comprise, and preferably are, propahe and said alkene derivative is

acrolein and/or acrylic acid.

In a specific embodiment of the invention, a non-zero fraction of the second stream

resulting from the membrane separation, predominantly comprising hydrocarbons, typically

35 alkanes, can be employed in stage a). “Non-zero fraction” is understood to mean any
fraction greater than 0% and which can range up to 100%. “Employed” means that the
stream fraction in question participates in the reaction either as reactant, or as passive

compound, with a possible role of thermal or chemical ballast.
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The alkenes of low purity to be converted can originate from a process for the
oxydehydrogenation, or oxidative dehydrogenation or dehydrogenation of the
corresponding alkane. This makes possible a partial conversion of the alkane to the

5 corresponding alkene and makes it possible to provide a process for the conversion of the
alkenes with a feedstock rich in alkane. The unconverted hydrocarbons resulting from the
separation by permeation can be employed in the units for the oxidative or non-oxidative
dehydrogenation of the alkanes. However, the second stream predominanily comprising
hydrocarbons, which is rich in alkanes, will instecad be sent directly to the reaction for the

10 conversion of the alkenes in stage a), or to other processes (cracking, furnace and the like),
in order to dispense with any other subsequent purification after the separation by
permeation targeted at preventing any contamination or side reactions in the process for the

oxidative or non-oxidative dehydrogenation of the alkanes.

15 The oxidation of CO which is the object of the stages f) and g) can also be carried
out in parallel with the membrane separation, the separation taking place in the next cycle.
This makes it possible, in this case to minimize the size of the CO converter.

The invention also relates to a plant for the production of a stream comprising at
20 least one alkene derivative, said plant comprising:

- aunit for conversion of alkenes to alkene dérivatives;
a source of a stream comprising from 2% to 20% by volume of one or more
alkenes connected fluidically to said conversion unit;
- a source of a stream predominantly comprising oxygen connected fluidically to

25 said conversion unit;
- a separator connected fluidically to an outlet of said conversion unit; and
- a unit for separation by permeation connected fluidically to an outlet of said

separator.

30 “Fluidic connection™ or “connected fluidically” means that there is connection via a
system of pipes capable of transporting a stream of material. This connection system can

comprise valves, intermediate storage tanks, side outlets, heat exchangers and compressors

but not chemical reactors.

35 According to specific embodiments, the invention can comprise one or more of the

following characteristics:
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9
- it comprises a fluidic connection between an outlet of said unit for separation by
permeation and said conversion unit or said source of a stream predominantly

comprising one or more alkenes.

- it comprises a fluidic connection between an outlet of said separator and an outlet

of said unit for separation by permeation.

-~ said source of a stream comprising from 2% to 20% by volume of one or more

alkenes comprises a:
- oxydehydrogenation reactor connected fluidically to a source of a

stream predominantly comprising one or more alkanes and to a source

of a stream predominantly comprising oxygen; or
- dehydrogenation reactor connected fluidically to a source of a stream

predominantly comprising one or more alkanes.

- the plant comprises recycling means placed between an outlet of said unit for
separation by permeation and said oxydehydrogenation or dehydrogenation
reactor, or said source of a stream predominantly comprising one or more

alkanes.

- the plant comprises a unit for the catalytic conversion of carbon monoxide to
carbon dioxide connected fluidically to said separator and to said unit for

separation by permeation.

- the plant comprises a unit for the catalytic conversion of carbon monoxide to
carbon dioxide connected fluidically to an outlet of said unit for separation by

permeation.

The optional recycling upstream of the oxydehydrogenation or dehydrogenation
reactor can take place in the source of alkanes or in the stream which emerges therefrom

- (between the source and the oxidative dehydrogenation reactor) or else directly in the

oxidative dehydrogenation reactor.

Other distinctive features and advantages will become apparent on reading the
description below, made with reference to figure 1, which represents a diagrammatic and

partial view illustrating an example of the device according to the invention.
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Figure 1 shows a reactor 15 which produces alkenes of low purity (2 to 98%), for

example propylene and a propane ballast. It provides a feedstock 23 which, mixed with a
recycled stream 10, forms a stream 1 injected into a unit 2 for the production of acrylic acid

by oxidation of propylenc by oxygen which is 99% pure by volume. The stream 3

5  comprising acrylic acid exits therefrom. This stream 3 is separated in a separator 4 into a
stream 5 of acrylic acid and a stream mainly comprising propane and CO,. This stream is
directed partially (stream 6 to a separating unit 7 and stream 24 which by-passes the
_separating unit) or completely (stream 6) to unit 7 of separation by permeation. Beforehand,

a condensation can make it possible to separate the water (mainly) from the other

10 constituents (stream 27). The separation unit 7 comprises membranes based on hollow
polyetherimide fibers, in a number sufficient to purge, in the stream 8, the amount of CO;
“produced in the unit 2 and the units 21 and 22. The stream 6 feeds, at high pressure (for
example 10 bar), the unit 7 comprising the semipermeable membranes. The compounds
present in the stream 6 will be dissolved and will diffuse through the polymer fibers of the

15 unit 7 at different rates, so that, preferentially, the fast compounds will pass through the
fiber and will be reencountered on the low-pressure side of the membrane, known as
permeate stream and constituting the purge. The slow compounds will, for their part, remain

on the high-pressure side and will constitute the stream 9. The stream 8 comprises CO; (the

main inert compound which has to be purged from the stream 6) and the stream 9 comprises

20  propane. A non-zero fraction 10 is mixed with a stream 23 to form the stream 1 sent to the

_ conversion unit 2. A non-zero fraction 11 of the stream 9 is sent to one or more user units

and/or is simply used as fuel.

The reactor 15 carries out an oxydehydrogenation of a stream 14 comprising

25 propane originating from a source 16. This oxydehydrogenation requires a stream 17

predominantly comprising oxygen from a source 20. A non-zero fraction 18 of the stream 9

is injected into the stream 14 or else directly into the oxydehydrogenation reactor 15. The

stream 23 comprises propylene and propane. The combination 15, 16, 20 forms part of a
source 12 supplying the stream 1.

30
The stream 6, prior to its entry into the unit 7 for separation by permeation is treated

in a unit 21 for catalytic conversion of carbon monoxide to carbon dioxide. An alternative to
this process considers the catalytic conversion of carbon monoxide to carbon dioxide in the
stream 9 by the unit 22 and not in the stream 6 by the unit 21. Tt is not inevitably necessary
35 to carry out this catalytic conversion (units 21 and 22) with regard to the whole of the
streams 6 and 9. A by-pass is thus possible, represented diagrammatically by the streams 25
and 26. It is also possible to have a by-pass in the form of a stream parallel to the stream 24

and equipped with a CO converter.
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Example 1: Carbon monoxide converter (21) placed upstream of the separation unit

()

The molar compositions of the main streams generated under the molar flow rate,

5  pressure and temperature conditions mentioned are shown in table 1.

Table 1
) . 23 1 13 5 3] g 9
Acetaldehyde mol % 0.00% 0.00% 0.00% 0.00% 0.11% 000% G.14%
Acrdein ok % Q00% 0.14% 0.00% 0.00% 0.24% 0.005% 0.06%
HO mol % 0.00% 14.18% 000% | @M% | 243% 301% 857%
O ol % | 000% 527% | 9950% | 000% | 1026% | 195% 07%
Argon mod % | 000% 1.38% | 050% | 0.00% 190 | 258% 1.85%
o ol % 0006 | -205% 0.00% 0.00% 3.95% 0.35% 0.40%
00, mol % ¢ 000% | 16026 [ 000% | 000% | 2390% | 8265% | 1964%
Propare m % 5500 | 4162 | 000% 000% | 5387% i 82%% 66.62%
Propyiene ol % | 9450% | 17.95% | 000% | 000% | 167% Q.08% 0.19%
Acetic add mot % | 000 0.00% 0.00% 1.63% 0.00% Q0006 0.00%
Acnviic add el % 0.00% Q07% 0.00% | A.54% | 001% Q00% 0.0%
QOthers mat % | 000% 121% | 000% | 111% | 1.56% 1.05% 1.72%
Flowrate moth 3267 187 B4 842 4914 1022 3847
Pressure bar 75 225 3.6 1 3 2 |1 115
Terrperatire °G 60 153 20 80 40 50 50

10
Example 2: Carbon monoxide converter (21) placed downstream of the separation

unit (7) ,
The molar compositions of the main streams generated under the molar flow rate,

pressure and temperature conditions mentioned are shown in table 2.

15
Table 2
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23 1 13 5 6 8 g
Acetaldehyde tmol % 0.00% 0.0%% 000% | 0.00% 0.10% 0.00% 0.12%
Acrolein mol % 0.00% 0.24% 0.00% 0.00% 0.25% a00% €¢.31%
H.O mol % 000% | 1603% | 000% | 63.08% | 2.43% 1.31% 26%%
o)) mol % ofele) 39%% | 99.50% | 0.00% 5.80% | 1222% | 43%%
Argon mol % 0.00% 1.7%% 0.50% 0.00% 2.12% 29% 1.95%
co mol % 000% 3.79% 0.00% 000% | 5.31% 5.33% 5.31%
CO: mol % 000% | 1846% | 0.00% 0.00% | 2309% | 67.69% | 1334%
Propane mo! % R50% | 5281% | 000% 000% | 5797 | 873% | 6873%
Propylene mol% | 9450% | 1.50% 000% | 0.00% 1.74% 0.88% 1.93%
Acefic acid mol % 0006 0.02% 0.00% 157% 0.00% 0.00% 0.00%
Acryiic acid mol % 000 0.08% 000% | 3.30% | 0.01% 0.00% 0.01%
Others mol % 0.00% 1.10% 0.00% 1.10% 1.18% 0.%% 1.24%
Flow mte mdih 3208 174.81 53574 78.66 47.32 840 3657
Pressure bar 7.5 225 36 1 3 -2 115
Temberature °C 60 153 20 80 40 50 50

In the tables, the pressures are in bars absolute.

%
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Claims

1. A process for the production of a stream (5) comprising at least one alkene
derivative comprising the following stages:

- a stage a) of reaction (2) of a stream (1) comprising one or more alkenes and
one or more alkanes, the ratio of said alkanes to said alkenes being at least 'équal
to 1 by volume, with a stream (13) predominantly comprising oxygen, in order
to obtain at least ome converted stream (3) comprising at least said alkene

_derivative; '

- a stage b) of separation (4) of the converted stream (3) resulting from stage a)
into at least said stream (5) comprising at least said alkene derivative and a
residual stream (6) predominantly comprising one or more hydrocarbons and
one or more inert compounds; and

- a stage c) of separation By permeation (7) of all or part of said residual stream (6)
into at least one first stream (8) predominantly comﬁrising one or more ineit
compounds and a second stream (9) predominantly comprising one or more

hydrocarbons.

2. The process as claimed in claim 1, characterized in that a non-zero proportion (10)
of said second stream (9) predominantly comprising one or more hydrocarbons is

employed in stage a).

3. The process as claimed in either one of claims 1 and 2, characterized in that said
stream. (1) comprising one or more alkenes and one or more alkanes employed in

stage a) comprises from 2% to 20% of alkenes by volume.

4. The process as claimed in any one of claims 1 to 3, characterized in that it
additionally comprises a stage d) prior to stage a) of reaction of a stream (14)
predominantly comprising one or more alkanes with a stream (17) predominantly
comprising oxygen in order to obtain at least said stream (1) comprising one or more

alkenes and one or more alkanes employed in stage a).

5. The process as claimed in claim 4, characterized in that a non-zero proportion (18)
of the second stream (9), obtained in stage c), predominantly comprising one or

more hydrocarbons, is reacted in stage d).
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said plant comprising:

- aunit for conversion (2) of alkenes to alkene derivatives;

- asource (12) of a stream comprising from 2% to 20% by volume of one or more
alkenes connected fluidically (1) to said conversion unit(2);

- a source (19) of a stream predominantly comprising oxygen connected
fluidically (13) to said conversion unit (Z};

- a separator (4) connected fluidically to an outlet (3) of said conversion unit (2);
and

- a unit for separation by permeation (7) connected fluidically to an outlet (6) of

said separator (4).

9. The plant as claimed in claim 8, characterized in that it comprises a fluidic
connection (10) between an outlet (9) of said unit for separation by permeation (7)
and said conversion unit (2) or said source (12) of a stream predominantly

comprising one or more alkenes.

10. The plant as claimed in claim 8 or 9, characterized in that it comprises a fluidic
connection (24) between an outlet of said separator (4) and an outlet (9} of said unit

for separation by permeation (7).
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