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(57) Abstract: In a process for producing ammonia (3) on the basis of a mixture (4) essentially comprising nitrogen and hydrogen
obtained from natural gas (5), said natural gas (5) is subjected to a partial oxidation reaction with an oxygenrich gas (6) in presence
of steam obtaining a crude synthesis gas (7) comprising hydrogen and carbon monoxide, said crude synthesis gas (7) being treated in
at least one catalytic reaction step (shift) to convert part of the carbon monoxide into carbon dioxide obtaining a converted synthesis
gas (8) comprising hydrogen, carbon dioxide and carbon monoxide, said converted synthesis gas (8) being subjected to at least one
decarbonation step to at least partially remove the carbon dioxide and to at least one purification step to at least partially remove the
carbon monoxide.
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Title: “Process for producing ammonia on the basis of

nitrogen and hydrogen obtained from natural gas”.

DESCRIPTION

Field of application

The present invention, in its most general aspect, refers
to’process for producing ammonia on the basis of nitrogen

and hydrogen.

In particular, the invention refers to a process for
producing ammonia on the basis of a mixture essentially
comprising nitrogen and hydrogen obtained from natural gas,
where said natural gas is subjected to a partial oxidation
reaction with an oxygen-rich gas in presence of steam
obtaining a crude synthesis gas comprising hydrogen and
carbon monoxide, said crude synthesis gas being treated in
at least one catalytic reaction step (shift) to convert
part of the carbon monoxide into carbon dioxide obtaining a
converted synthesis gas comprising hydrogen, carbon dioxide
and carbon monoxide, said converted synthesis gas being
subjected to at least one decarbonation step to at least
partially remove the carbon dioxide and to at least one
purification step to at least partially remove the carbon

monoxide.

The invention also refers to an ammonia production plant

that carries out the aforementioned process.
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Prior art

As known, for large-scale production of ammonia (in other
words for producing, for example, 3000 t per day) from
natural gas, there 1is an ever-increasing requirement to
realize a high-yield process, which is easy to carry out
and does not require high energy consumption and operating

costs.

In order to satisfy the aforementioned requirement,
processes are generally used according to which the

following succession of operations is provided:

- partial oxidation reaction of the natural gas,

obtaining a crude synthesis gas;
- shift reaction, obtaining a converted synthesis gas;

- decarbonation operation to remove the carbon dioxide
present in said converted synthesis gas, carried out by a

physical solvent suitable for absorbing the carbon dioxide;

- purification operation to remove the carbon monoxide
present in said converted synthesis gas, carried out

through liquid nitrogen wash;

- ammonia synthesis from the mixture essentially
comprising hydrogen and nitrogen that is obtained after the

aforementioned operations.

The decarbonation and purification operations are therefore
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respectively intended to remove carbon dioxide and carbon
monoxide, up to a concentration of a few parts per million
by volume (for example, a value aimed for is a value lower

than 10 p.p.m.v. of carbon monoxide).

Although advantageous from various points of view, the
processes for producing ammonia schematically described

above do, nevertheless, have recognized drawbacks.

Amongst the drawbacks, one only has to recall the fact that
the liquid nitrogen wash operation must take place at very
low temperature and consequently requires the use of
special materials and suitable heat insulation, which,
although known, are nevertheless quite expensive and

require all a succession of special care.

Summary of the invention

The technical problem underlying the present invention is
that of devising and providing a process for producing
ammonia on the basis of a mixture essentially comprising
nitrogen and hydrogen obtained from natural gas, capable of
satisfying the requirement outlined above, at the same time
overcoming the quoted limitations and/or drawbacks with

reference to the prior art in a simple and effective way.

This problem is solved, according to the present invention,
by a process for producing ammonia on the basis of a

mixture ‘essentially comprising nitrogen and hydrogen
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obtained from natural gas, of the aforementioned type and
characterized in that for said at least one purification

step at least one molecular sieve is used.

Further characteristics and advantages of the process for
producing ammonia according to the present invention shall
become clearer from the description, made hereafter, of a
preferred example embodiment thereof, given for indicating
and not limiting purposes, with reference to the attached

drawings.

Brief description of the drawing

Figure 1 represents a block diagram of a plant that carries
out the process for producing ammonia according to the

invention.

Detailed description of a preferred embodiment of the

invention

With reference to figure 1, an ammonia production plant is
schematically shown that carries out the process according
to the invention and that is totally indicated with 10.
Ammonia 3 is produced on the basis of a mixture 4
essentially comprising nitrogen and oxygen, in turn

obtained from natural gas 5.

The plant 10 comprises a first portion 12 for producing

said mixture essentially comprising nitrogen and oxygen and
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a second portion 14 for the synthesis of said ammonia 4.

The first portion 12 of the plant 10 comprises a partial
oxidation section 16, a section 18 for the catalytic
reaction of carbon monoxide into carbdn dioxide comprising
at least one so-called shift converter, a decarbonation

section 20 and a purification section 22.

In particular, in accordance with an aspect of the present
invention, such a purification section 22 advantageously

comprises at least one molecular sieve apparatus.

By the term “molecular sieve” we mean to include all those
conventional materials having micropores capable of
preferentially adsorbing a predetermined gas contained in a
gaseous mixture, including activated carbon. According to
the adsorption and release procedure of said predetermined
gas, these materials are classified as molecular sieve or
activated carbon of the PSA (pressure swing adsorption) and

of the TSA (temperature swing adsorption) type.

In the PSA adsorption procedure, the gaseous mixture
containing said predetermined gas is made to pass under
pressure through the molecular sieve, in such a way to
produce the preferential adsorption of the predetermined
gas in the micropores. Then, the pressure is reduced so as
to obtain a desorption of the predetermined gas together

with other gaseous components ©possibly retained and
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consequently regenerate the molecular sieve.

Differently, in the TSA method, the preferential adsorption
of the predetermined gas in the micropores is carried out
by making the gaseous mixture, containing the predetermined
gas to be separated, pass through the aforementioned
molecular sieve at a determined temperature, for example at
a temperature not greater than 80°C. Then the temperature
is increased, for example with a flow of steam, so as to
obtain a desorption of the predetermined gas together with
other gaseous components possibly retained and consequently

regenerate the molecular sieve.

Preferably, according to the present invention, a PSA-type

molecular sieve is used.

In a further embodiment of the invention, the purification
section 22 can be associated with a methanation section 24

comprising at least one so-called methanator.

The operation of the ammonia production plant 10 is

specified hereafter.

The natural gas 5, suitably mixed with steam, is subjected,
in the partial oxidation section 16 of the first portion 12
of the plant 10, to a partial oxidation reaction with an
oxygen-rich gas 6 obtaining a crude synthesis gas 7
comprising hydrogen and carbon monoxide. As an example,

when the partial oxidation section 16 comprises an
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autothermal reformer, it is advantageous to operate at a
temperature of between 900 and 1300°C, preferably between
900 and 1200°C, and at a pressure of between 40 and 150
bar, preferably between 40 and 100 bar; said oxygen-rich
gas 6 has at least 50%, preferably at least 70%, even more
preferably at least 90% of oxygen. For example, oxygen-

enriched air can be used.

In the shift converter (which carries out a conversion
catalytic reaction step), the crude synthesis gas 7 1is
treated to convert part of the carbon monoxide into carbon
dioxide obtaining a converted synthesis gas 8 comprising

hydrogen, carbon dioxide and carbon monoxide.

The converted synthesis gas 8 is subjected to at least one
decarbonation step, in the section 20, to at least
partially remove the carbon dioxide 20a and to at least one
purification step, in the apparatus 22, to remove the
carbon monoxide 22a up to concentrations compatible with
the ammonia synthesis catalyst present in the second
portion 14 of the plant 10, for example up to

concentrations of less than 10 p.p.m.v..

In the purification apparatus 22 at least one molecular

sieve for carbon monoxide is advantageously provided.

In the further embodiment of the invention, the methanation

section 24 associated with the purification section 22 is
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used to carry out a methanation reaction and consequently
to reduce the size of the purification section 22 itself,

transforming the carbon monoxide into methane.

After said purification step, a feeding of nitrogen 9 is
provided to form said mixture 4, essentially comprising
nitrogen and hydrogen according to an optimal
stoichiometric ratio for the ammonia synthesis catalyst,
said mixture 4 indeed being treated in the second portion
14 of the plant 10, i.e. that for the synthesis of said

ammonia 3.

We would 1like to point out that, for large-scale
productions, the partial oxidation section 16 is preferably
of the catalytic type, i.e. it comprises autothermal
reformers, even if it is not excluded to use non-catalytic
partial oxidation apparatuses, which require, on the one
hand, higher oxygen consumption and therefore higher energy
consumption, but which are constructively simpler.
Particularly where the energy cost is low, it may therefore

be advantageous to use non-catalytic apparatuses.

From the previous description it can clearly be seen that
the process for producing ammonia according to the
invention solves the technical problem and offers numerous
advantages the first of which is the fact that it avoids
the use of all those special materials necessary for the

correct treatment of the liquid nitrogen used in the prior



WO 2005/123588 PCT/EP2005/006255

10

art.

Another major advantage of the invention is that the gas
obtained at the end of the purification step is practically
pure hydrogen that, in parallel with the ammonia synthesis,

can be used for other productions.

Of course, the man skilled in the art can bring numerous
modifications and variants to the process for producing
ammonia described above in order to satisfy specific and
contingent requirements, all of these modifications and
variants in any case being covered by the scope of
protection of the present invention, as defined by the

following claims.
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CLAIMS

1. Process for producing ammonia (3) on the basis of a
mixture (4) essentially comprising nitrogen and hydrogen
obtained from natural gas (5), where said natural gas (5)
is subjected to a partial oxidation reaction with an
oXygen-rich gas (6) in presence of steam obtaining a crude
synthesis gas (7) comprising hydrogen and carbon monoxide,
said crude synthesis gas (7) being treated in at least one
catalytic reaction step (shift) to convert part of the
carbon monoxide into carbon dioxide obtaining a converted
synthesis gas (8) comprising hydrogen, carbon dioxide and
carbon monoxide, said converted synthesis gas (8) being
subjected to at least one decarbonation step to at least
partially remove the carbon dioxide (20a) and to at least
one purification step to at least partially remove the
carbon monoxide (22a), characterized in that for said at
least one purification step at least one molecular sieve is

used.

2. Process according to claim 1, characterized in that,
after said at least one purification step, a feeding of
nitrogen (9) is provided to form said mixture (4)
essentially comprising nitrogen and oxygen that is treated

in a synthesis plant (14) of said ammonia (3).

3. Process according to claim 1, characterized in that

said at least one molecular sieve is of the PSA type.
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4. Process according to claim 1, characterized in that
said at least one purification step is associated with a

methanation section (24).

5. Process according to claim 1, characterized in that
said partial oxidation reaction 1is of catalytic type

(autothermal reforming).

6. Plant (10) for producing ammonia (3) on the basis of a
mixture (4) essentially comprising nitrogen and hydrogen
obtained from natural gas (5) in presence of steam, of the
type comprising a first portion (12) for producing said
mixture (4) essentially comprising nitrogen and hydrogen
and a second portion (14) of synthesis of said ammonia (3),
said first portion (12) comprising a partial oxidation
section (16), a <catalytic reaction section (18), a
decarbonation section (20) and a purification section (22),
characterized in that said purification section (22)

comprises at least one molecular sieve apparatus.

7. Plant according to claim 6, characterized in that said
purification section (22) is associated with a methanation

section (24).
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