
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
43

6 
43

0
B

1
*EP003436430B1*

(11) EP 3 436 430 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
16.09.2020 Bulletin 2020/38

(21) Application number: 17718144.3

(22) Date of filing: 30.03.2017

(51) Int Cl.:
C07C 273/04 (2006.01) B01J 19/24 (2006.01)

(86) International application number: 
PCT/NL2017/050196

(87) International publication number: 
WO 2017/171546 (05.10.2017 Gazette 2017/40)

(54) UREA PRODUCTION WITH BI-PRESSURIZED SYNTHESIS

HERSTELLUNG VON HARNSTOFF MIT ZWEIFACH DRUCKBEAUFSCHLAGTER SYNTHESE

PRODUCTION D’URÉE À SYNTHÈSE BI-PRESSURISÉE

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 30.03.2016 EP 16162901

(43) Date of publication of application: 
06.02.2019 Bulletin 2019/06

(73) Proprietor: Stamicarbon B.V.
6135 KW Sittard (NL)

(72) Inventors:  
• COLOMA GONZÁLEZ, Juan

6135 KW Sittard (NL)
• DIELTJENS, Luc Louis Maria

6135 KW Sittard (NL)

• MENNEN, Johannes Henricus
6135 KW Sittard (NL)

(74) Representative: V.O.
P.O. Box 87930 
Carnegieplein 5
2508 DH Den Haag (NL)

(56) References cited:  
EP-A1- 1 491 526 WO-A1-2013/104638

• Jozef H. Meessen: "Urea" In: "Ullmann’s 
Encyclopedia of Industrial Chemistry", 15 
October 2010 (2010-10-15), Wiley-VCH Verlag 
GmbH & Co. KGaA, Weinheim, Germany, 
XP055017973, ISBN: 978-3-52-730673-2 DOI: 
10.1002/14356007.a27_333.pub2, the whole 
document



EP 3 436 430 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field of the Invention

[0001] The invention is in the field of urea production, and particularly pertains to a urea stripping process. The invention
particularly pertains to recovering energy in such a process. The invention also pertains to a urea production plant, and
to revamping an existing urea production plant.

Background of the Invention

[0002] Urea is generally produced from ammonia and carbon dioxide. It can be prepared by introducing an ammonia
excess together with carbon dioxide at a pressure between 12 and 40 MPa and at a temperature between 150°C and
250°C into a urea synthesis zone. The resulting urea formation can be presented best in the form of two consecutive
reaction steps, in the first step ammonium carbamate being formed according to the exothermic reaction:

2NH3 + CO2 → H2N - CO - ONH4

after which the ammonium carbamate formed is dehydrated in the second step to give urea according to the endothermic
equilibrium reaction:

H2N - CO - ONH4 ↔ H2N - CO - NH2 + H2O

[0003] The extent to which these reactions take place depends among other things on the temperature and the
ammonia excess used. The reaction product obtained in a urea synthesis solution substantially consists of urea, water,
unbound ammonia and ammonium carbamate. The ammonium carbamate and the ammonia are removed from the
solution and are generally returned to the urea synthesis zone.
[0004] In addition to the above-mentioned solution in the urea synthesis zone, a gas mixture is formed which consists
of unconverted ammonia and carbon dioxide together with inert gases, the so called reactor off-gas. The urea synthesis
section may comprise separate zones for the formation of ammonium carbamate and urea. These zones may also be
combined in a single apparatus.
[0005] The invention pertains to a process for the preparation of urea according to a stripping process, as conducted
in a urea stripping plant. Such a process is described in, inter alia, Ullmann’s Encyclopedia of Industrial Chemistry, Vol.
A27, 1996, pp 333-350.
[0006] In a urea stripping plant the decomposition of the ammonium carbamate that has not been converted into urea
and the expulsion of the usual ammonia excess largely takes place at a pressure that is essentially almost equal to the
pressure in the synthesis reactor. This decomposition and expulsion take place in one or more stripper(s) installed
downstream of the reactor, possibly with the aid of a stripping gas such as, for example, carbon dioxide and/ or ammonia,
and with the addition of heat. It is also possible to apply thermal stripping. Thermal stripping means that use is made
exclusively of the supply of heat to decompose ammonium carbamate and remove the ammonia and carbon dioxide
present from the urea solution. The gas stream leaving a stripper contains ammonia and carbon dioxide which are
condensed in a high-pressure condenser and then returned to the urea synthesis zone.
[0007] In a urea stripping plant the synthesis zone is operated at a temperature of 160 - 240 °C and preferably at a
temperature of 170 - 220 °C. The pressure in the synthesis reactor is 12 - 21 MPa, preferably 12.5 - 20 MPa, more
preferably 13 - 16 MPa. In the art, these ranges are generally considered to represent "high pressure" (as also used in
connection with a conventional "High Pressure Carbamate Condenser"). The gross ammonia to carbon dioxide molar
ratio (gross N/C ratio) in the urea synthesis zone of a stripping plant usually is in between 2.2 and 5 and preferably
between 2.5 and 4.5 mol/mol. For completeness’ sake, it is noted that the synthesis zone will usually operate on the
basis of both an external feed of the starting materials, ammonia and carbon dioxide, and recycled starting materials,
generally comprising recycled ammonia and carbon dioxide in a free form as well as in the form of ammonium carbamate
and/or biuret. The gross N/C ratio, which is a term having a customary meaning in the art, refers to a hypothetical mixture
in which all starting materials are converted into free ammonia and carbon dioxide.
[0008] The synthesis zone can comprise a single reactor or a plurality of reactors, arranged in parallel or in series. In
addition to one or more reactors, the synthesis section comprises a stripper, a condenser and a scrubber, all operating
at substantially the same pressure. The synthesis zone is generally referred to as a High Pressure (HP) section.
[0009] In the synthesis section the urea solution leaving the urea reactor is fed to a stripper in which a large amount
of non-converted ammonia and carbon dioxide is separated from the aqueous urea solution. Such a stripper can be a
shell and tube heat exchanger in which the urea solution is fed to the top part at the tube side and a carbon dioxide feed
to the synthesis is added to the bottom part of the stripper. At the shell side, high pressure (HP) steam is added to heat
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the solution via indirect heat exchange. The urea solution leaves the heat exchanger at the bottom part, while the vapor
phase leaves the stripper at the top part. The vapor leaving said stripper contains ammonia, carbon dioxide and a small
amount of water. Said vapor is condensed in a falling film type heat exchanger or a submerged type of condenser that
can be a horizontal type or a vertical type. A horizontal type submerged heat exchanger is described in the aforementioned
Ullmann’s Encyclopedia of Industrial Chemistry, Vol. A27, 1996, pp 333-350.
[0010] After the stripping treatment, the pressure of the stripped urea solution is reduced in a urea recovery section.
In the recovery section the non-converted ammonia and carbon dioxide in the urea solution are separated from the urea
and water solution. A recovery section comprises usually a heater, a liquid/gas separation section and a condenser.
The urea solution entering a recovery section is heated to vaporize the volatile components ammonia and carbon dioxide
as well as water from that solution. The heating agent used in the heater is usually steam. The ammonium carbamate
aqueous solution formed in a low pressure carbamate condenser in the recovery section, operated at a lower pressure
than the pressure in the synthesis section, is preferably returned to the urea synthesis section operating at synthesis
pressure. The recovery section is generally a single section or can be a plurality of recovery sections arranged in parallel
or in series. The recovery section comprises a heater, a liquid/gas separator and a condenser. The pressure in this
recovery section is generally between 200 to 600 kPa. This section is generally referred to as a low pressure (LP)
recovery section (or recirculation section, the terms "recovery section" and "recirculation section" in this description are
used interchangeably). In the heater of the recovery section the bulk of ammonia and carbon dioxide is separated from
the urea and water phase by heating the urea solution. Usually low pressure (LP) steam is used as heating agent. The
urea and water phase contains a small amount of dissolved ammonia and carbon dioxide that leaves the recovery section
and is sent to a downstream urea processing section where the urea solution is concentrated by evaporating the water
from said solution. This section is typically referred to as the evaporation section and it is typically comprised of one or
two evaporators, whose vapors are condensed downstream and recycled back to the process.
[0011] In some embodiments, in addition to the HP synthesis section and the LP recovery section, a medium pressure
(MP) treatment section is present. E.g., WO 02/090323 discloses a urea process and plant of the carbon dioxide stripping
type, wherein a MP treatment section is present parallel with the HP stripping section. A similar disclosure is found in
EP 2 086 928.
[0012] Processes also exist in which a MP treatment section is present in series, downstream of the urea synthesis
section. In this respect reference can be made to, e.g., GB 1 542 371, and other disclosures of the Snamprogetti Ammonia
and Self-Stripping processes.
[0013] In the development of the field of urea production processes and plants, it is permanently sought to improve
one or more of various output parameters. Thus, it is desired to further improve yield. It is also desired to improve the
efficiency of recirculation of residual reactants. Further, it is desired to reduce, or at least further optimize, one or more
of the energy consumption, the operational expenses (OPEX), and the capital expenses (CAPEX).
[0014] The inventors have, inter alia, identified a general challenge in respect of the energy used in a urea plant. In
the plants to date, a large amount of internal energy is wasted in the expansion of the process stream due to the inevitable
pressure drop between the HP synthesis section and the LP (or MP and LP) downstream sections. It would be desired
to provide a urea process and plant allowing making use of at least part of said otherwise wasted internal energy. In this
respect it is noted that in thermodynamics, the internal energy of a system is energy contained within the system,
excluding the kinetic energy of motion of the system as a whole and the potential energy of the system as a whole due
to external force fields. It keeps account of the gains and losses of energy of the system that are due to changes in its
internal state. The invention refers to the use of internal energy as work (i.e., not as heat).
[0015] Background art includes EP 1491526. Therein, in a urea production process, an expansion step is provided,
in a turbine, of the reaction mixture coming from high pressure synthesis. Kinetic energy produced by the turbine is put
to use elsewhere in the process.
[0016] Another background reference is WO 2013/104638. This relates to the use of a passivating agent in an otherwise
conventional thermal stripping process for producing urea. As is typical for thermal (self) stripping processes, the stripper
is operated at a pressure slightly below that of the urea synthesis reactor.

Summary of the Invention

[0017] In order to better address one or more of the aforementioned desires, the invention provides, in one aspect, a
plant for the production of urea comprising a synthesis section configured to be operated under a high pressure between
12 and 40 MPa and a recovery section configured to be operated under a pressure below 7 MPa, said synthesis section
comprising, connected so as to be capable of forming a urea synthesis loop, a urea reactor, a stripper, a condenser
and, optionally, a scrubber, wherein the synthesis section is configured so as to allow the reactor to be operated under
a pressure at least 0.5 MPa higher than the pressure of the stripper and the condenser, and wherein the synthesis
section comprises a compression unit positioned downstream of the condenser and upstream of the reactor, said com-
pression unit being configured so as to increase the pressure of a fluid, such as a liquid condensate, obtained from the
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condenser to the same pressure under which the reactor is operated, , whereby said compression unit is configured to
utilize mechanical energy recovered from a decompression unit positioned downstream of the stripper and upstream of
the recovery section.
[0018] In another aspect, the invention presents a method of modifying a pre-existing urea stripping plant so as to
provide a modified plant, said pre-existing plant comprising a synthesis section adapted to operate under a high pressure
between 12 and 40 MPa and a recovery section adapted to operate under a pressure below 7 MPa, said synthesis
section comprising, connected so as to be capable of forming a urea synthesis loop, a urea reactor, a stripper, a condenser
and optionally a scrubber, wherein the modifying of the pre-existing plant comprises adding a compression unit in a
position downstream of the condenser and upstream of the reactor, wherein the synthesis section is configured so as
to allow the reactor to be operated under a pressure at least 0.5 MPa higher than the pressure of the stripper and the
condenser, said compression unit being adapted so as to increase the pressure of a fluid, such as a liquid condensate,
obtained from the condenser to the same pressure under which the reactor is operated, whereby said compression unit
is configured to utilize mechanical energy recovered from decompression of liquid downstream of the stripper and
upstream of the recovery section.
[0019] In a further aspect, the invention also presents a method of modifying a pre-existing urea recycle plant so as
to provide a modified plant, said pre-existing plant comprising, placed in series, a HP reactor adapted to be operated at
a high pressure of 16 to 40 MPa so as to obtain a urea synthesis solution, a MP recirculation section adapted to be
operated at a medium pressure of 1 to 5 MPa, and a LP recirculation section adapted to be operated at a low pressure
of 0.1 to 1 MPa, said recirculation sections adapted to decompose ammonium carbamate and to recirculate a liquid
condensate comprising non-reacted carbon dioxide and ammonia and liquid components comprising ammonium car-
bamate, back to the reactor, the method comprising:

- adding a HP stripper downstream of the reactor and upstream of the MP recirculation section, said stripper being
adapted so as to direct liquid obtained therefrom to either or both of the MP and LP recirculation sections;

- adding a HP condenser, whereby the HP condenser and the HP stripper are mutually arranged such as to subject
gas obtained from the HP stripper to condensation in said HP condenser so as to form a liquid condensate and
remaining vapors;

- arranging said HP condenser in connection with a compression unit positioned downstream of the condenser and
upstream of the reactor

wherein said compression unit is configured so as to increase the pressure of a fluid, such as a liquid condensate,
obtained from the condenser to the same pressure under which the reactor is operated, , whereby said compression
unit is configured to utilize mechanical energy recovered from decompression of liquid downstream of the stripper and
upstream of the recovery section.
[0020] In yet another aspect, the invention is a process for the preparation of urea in a urea production plant, said
plant comprising a synthesis section operating under a high pressure between 12 and 40 MPa and a recovery section
operating under a pressure below 7 MPa, said synthesis section comprising a urea reactor, a stripper, a condenser and
optionally a scrubber, the process comprising the steps of:

a) reacting ammonia and CO2 under urea forming conditions in the urea reactor to obtain a urea synthesis solution;
b) stripping the urea synthesis solution in the stripper to form a stripped urea solution and a stripper vapor comprising
mostly ammonia and CO2;
c) condensing the stripper vapor obtained in b) in the condenser to form an ammonium carbamate solution;
d) recirculating said ammonium carbamate solution to the reactor;
e) recovering ammonium carbamate from the stripped urea solution to ammonium carbamate recovery in the recovery
section;
f) recycling the recovery vapor to the urea synthesis section;

the process further comprising operating the urea reactor under a pressure at least 2 MPa higher than the pressure of
the stripper and the condenser, and increasing the pressure of the ammonium carbamate solution upon recirculation to
the reactor, wherein energy utilized in increasing said pressure comprises mechanical energy recovered from a decom-
pression unit positioned downstream of the stripper and upstream of the recovery section.

Brief Description of the Drawings

[0021]

Fig. 1 shows a process scheme for a urea stripping process according to prior art using carbon dioxide as a stripping
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agent.
Fig. 2 shows a process scheme for a urea stripping process according to an embodiment of the invention, wherein
the process of Fig. 1 is modified in accordance with the invention.
Fig. 3 shows a process scheme for a urea stripping process according to prior art wherein heat stripping is used.
Fig. 4 shows a process scheme for a urea stripping process according to an embodiment of the invention, wherein
the process of Fig.3 is modified in accordance with the invention.
Fig. 5 shows a process scheme for a urea stripping process according to an embodiment of the invention, wherein
a MP-flash is included.

Detailed Description of the Invention

[0022] The invention is based, in a general sense, on the judicious insight to combine the recovery of mechanical
energy from a urea plant comprising a stripper in its high-pressure synthesis section, with creating in said urea plant a
pressure in the urea synthesis reactor that is higher than the pressure in the stripper.
[0023] Thereby it is realized to modify the urea process and plant so as to build in a useful additional compression
step, respectively installing a corresponding compression device therefor. By virtue of the foregoing insights, the inventors
have also realized to provide a general improvement in urea synthesis, by separating the pressure level in the urea
reactor from that in the remaining parts of the urea synthesis section.
[0024] Where in this description, the component parts of a urea plant are discussed, including units, zones, and
sections of such a plant, the skilled person will understand how to conduct a urea production process therewith. I.e.,
also if not explicitly stated, the skilled person will understand the mutual arrangement of such parts. For instance, the
skilled person will understand the following: A urea production plant generally comprises fluid connections and lines for
process streams (urea production streams), generally including a recirculation circuit. This serves to synthesize and
obtain urea, and to make optimal use of reactants by recirculation of unreacted ammonia and carbon dioxide. A urea
plant generally also comprises utility connections and lines, generally including a steam circuit. This serves to provide
heat where needed in the plant, and to make optimal use of available energy by circulating steam obtained in one part
of the plant to another part where heat exchange from such steam can be benefited from. Thereby, also if not explicitly
indicated, the person skilled in urea production will normally be able to tell which are liquid streams and which are gas
streams, and through which ducts, pipes, or flow lines these are transported and/or recirculated in the plant.
[0025] Where, in this description, it is spoken of "fluid communication", this refers to any connection between a first
part or section of a plant and a second part or section of a plant via which fluids, i.e., gases, liquids, or supercritical fluids,
and more particularly liquids, can flow from the first part of the plant to the second part of the plant. Such fluid commu-
nication is typically provided by piping systems, hoses, or other devices well-known to the skilled person for the trans-
portation of fluids.
[0026] Where in this description it is spoken of "gas flow lines" this refers to any connection between a first part or
section of a plant and a second part or section of a plant via which gas or vapors, notably aqueous vapors, can flow
from the first part of the plant to the second part of the plant. Such gas flow lines typically comprise piping systems, or
other devices well-known to the skilled person for the transportation of gases, if needed under above or below (vacuum)
atmospheric pressures.

Bi-pressurized synthesis section

[0027] In one aspect, the present invention provides, in marked deviation from a conventional urea production plant,
a bi-pressurized synthesis section. This is particularly non-conventional in a urea plant of the carbon dioxide stripping
type. Accordingly, the synthesis section is configured so as to allow the reactor to be operated under a pressure at least
0.5 MPa higher than the pressure of the stripper. It will be understood that such configuration of the synthesis section
generally takes into account the presence of one or more pressure regulators. This refers to, e.g., a decompression unit,
such as a pressure control valve, to reduce the pressure between the reactor and the stripper.
[0028] Hereby the HP stripper and the HP condenser are operated at the same pressure. The reactor is operated at
a pressure at least 0.5 MPa higher than the stripper and the condenser. The pressure difference is such that the pressure
of the reactor is at least 5 bar (0.5 MPa) higher than the pressure of the stripper. The advantage of a higher pressure is
that a higher temperature can be achieved in the reactor so the urea yield will increase. Preferably, said pressure
difference is at least 1 MPa bar, such as at least 2 MPa, e.g. up to 10 MPa. More preferably, the pressure difference
ranges from 2 MPa to 5 MPa, such as from 3 MPa to 4 MPa. In an interesting embodiment, the stripper and the condenser
are operated under a pressure of from 13 to 15 MPa, and the reactor is operated under a pressure of 16 to 21 MPa.
E.g., the stripper and the condenser are operated at 14-14.5 MPa in a temperature range of 170-190 °C, and the reactor
at 17-20 MPa in a temperature range of 180-200 °C.
[0029] The skilled person will have no difficulty to set the desired pressures for the various units comprised in the
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synthesis section, i.e., at least the reactor, the stripper, and the condenser. These units all constitute known equipment,
normally designed to be operated under high pressure, and normally adapted so as to set the operational pressure.
[0030] In order to operate the synthesis section in accordance with the invention, at a pressure exceeding that of the
HP condenser, it will be understood that measures are to be taken to increase the pressure of fluid leaving the HP
condenser up to the pressure of the reactor. This can be realized by suitably positioning a compression device, i.e.,
downstream of the HP condenser and upstream of the reactor, whereby the terms "downstream" and "upstream" refer
to the flow of fluid, such as liquid ammonium carbamate condensate, from a fluid outlet of the HP condenser, such as
a liquid outlet, to a fluid inlet of the reactor, such as a liquid inlet. Suitable compression devices are known to the skilled
person, and include, e.g., pumps and ejectors, as well as compressors in the event that the fluid flowing from the HP
condenser to the reactor is a gas. It will be understood that also a combination of liquid and gas is possible. I.e. a
compressor for gas and a pump for liquid. The liquid and the gas may be separated before the pressure is increased.
[0031] The presence of a compression device between the HP condenser and the reactor comes with an additional
advantage. By virtue of the pressurization of the liquid flow into the reactor, the HP condenser and the reactor can be
positioned vis-à-vis each other without taking into account gravity flow (which is a customary flow driver in urea plants)
or taking it into account only partially. As a result, the reactor can be placed on a relatively low level, such as on the
ground. This is a general advantage in terms of construction and accessibility for maintenance. Moreover, as a result,
the reactor can be well placed in vertical position, so as to occupy a much smaller footprint than in the event of a -
frequently occurring - horizontal placement.
[0032] The aforementioned presence of a compression device enables operating the reactor at a pressure and tem-
perature optimized for urea synthesis, and at the same time conducting stripping (and subsequent condensation) at a
pressure and temperature optimized for stripping efficiency.
[0033] Accordingly, as compared to the conventional situation wherein the reactor, the HP stripper, and the HP con-
denser are operated at the same pressure, the reactor can be operated so as to provide a higher yield of urea. Or,
similarly, with the same yield, a smaller reactor can be employed. E.g., this can be of advantage in building a grass-
roots plant (i.e. a new plant). Therein the reactor can be smaller than in conventional plants. This presents advantages
in terms of capital investments (since lower amounts of expensive, highly corrosion-resistant materials are needed for
the construction of the reactor). It also presents advantages in terms of operational expenses, as the energy requirements
for a smaller reactor, as well as the maintenance expenses, will generally be reduced as well.
[0034] The plant of the invention can be constructed using regular components known in the art. This refers, e.g. to
reactors and stripper components made of highly corrosive-resistant duplex steel, e.g. as known under the name of
Safurex®. This also refers to known types of equipment, such as heat exchangers, for example shell and tube heat
exchangers, submerged (pool) condensers, and the like. An advantage of employing pool condensation in the synthesis
section, is that a considerable conversion into urea already takes place in the condenser. Since, as a result of the
invention, the reactor operates at a higher efficiency, the invention also results in a capacity increase. Such a capacity
increase may refer to designing a new plant having a higher capacity. Preferably it refers to modifying a pre-existing
plant so as to increase its capacity.
[0035] Thus, the higher yield of urea obtained in the reactor, also presents an advantage in a method of modernizing
a pre-existing urea plant. In such a method, e.g. a revamping method, it is frequently desired to increase the capacity
of the pre-existing plant. The invention makes it possible, with the same size of reactor, to obtain a higher urea yield, as
a result of employing a higher overall pressure in the synthesis section. Accordingly, in an interesting embodiment the
pressure of the HP stripper and the HP condenser as present in a pre-existing plant will remain unchanged, and the
pressure in the reactor will be increased. It is noted that, as a result of the higher conversion yield in the reactor, the
stripping requirement may be correspondingly lower. It will be understood that, in order to retain the necessary gas input
to the reactor, also the gas phase from the HP condenser to the reactor will be suitably compressed. In the alternative,
carbon dioxide is added. I.e., since the higher yield is based on conversion, lower amounts of unreacted ammonia and
carbon dioxide will remain. Thus, the method of the invention advantageously does not require modifications of the other
units in the synthesis section, viz. the HP stripper and the HP condenser. It will be understood that a higher yield may
require expanding the capacity of downstream sections of the urea production plant. Expanding the capacity of a section
may involve, e.g., expanding the size of the section, increasing the throughput efficiency of a section, increasing the
conversion efficiency of a section, or a combination of any of these and/or other measures generally available to the
skilled person. This will not present any difficulty for the skilled person. Also, expanding the (MP and/or LP) downstream
sections (which are operated at pressures far below that of the synthesis section) is generally less costly than expanding
HP units.
[0036] A further advantage of the invention, specifically for CO2 stripping plants, is related to the higher conversion
yield, and the, relatively, reduced stripping requirement associated therewith. In conventional carbon dioxide stripping
plants, wherein normally the striper and the reactor are operated under the same pressure, the carbon dioxide feed is
regularly fed to the stripper, as a stripping agent. In the present case, however, the optimum for the amount of carbon
dioxide stripping gas allows carbon dioxide to be directly fed to the reactor. This, in turn, has the advantage that, since
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condensation of the carbon dioxide feed to a liquid phase provides heat, additional heat is automatically provided by the
carbon dioxide feed, and thus without requiring an additional source of heat energy. The direct CO2 addition also gives
a method for controlling the N/C ratio in the reactor, and in this regard, a direct NH3 feed to the vertical reactor could be
added too. Direct CO2 addition to the low pressure recovery section, e.g. to the low pressure carbamate condenser is
also conceivable.

Energy from pressure drop

[0037] As indicated above, a particular aspect of the present invention, in a generally preferred embodiment, involves
employing energy that becomes available from expansion of a process stream in a urea production plant. This occurs
as a result of a pressure drop between the HP synthesis section, and a downstream section operating under a lower
pressure (such as an LP or MP recovery section). To this end, in brief, a compression unit is present that is configured
to utilize mechanical energy recovered from an energy losing source. The recovered mechanical energy thereby is in
fact internal energy that is recovered and converted into mechanical energy.
[0038] In accordance with this aspect of the invention, the aforementioned additional compression unit downstream
of the HP condenser and upstream of the reactor, can be operated without substantial additional energy input. This can
be accomplished by a compression unit that is capable of converting a pressure difference into mechanical energy
(work). A typical example hereof involves the IsoBoost system of Energy Recovery™. This is a hydraulic system that
recovers pressure energy by means of a liquid-to-liquid turbocharger. The turbocharger recovers internal energy, in the
form of work, from the pressure reduction of a high-pressure fluid and transfers it to a low-pressure fluid to reduce, or
ideally eliminate, the energy required for pumping.
[0039] Other systems suitable for the conversion of liquid depressurization energy into mechanical recompression of
another liquid, are available. E.g. from Calder AG based in Switzerland; ("Energy Recovery Turbine, ERT, Application").
From Fluid Equipment Development Company (FEDCO) based in Monroe, Michigan ("Hydraulic Pressure Boosters
(HPBs)"). From Pump Engineering Incorporated (PEI) based in Monroe, Michigan.
[0040] Thus, in the plants designed or modified according to the invention, the compression unit is configured to obtain
compression energy from one or more events in the urea production process (i.e., at one or more points in the urea
production plant), at which a loss of energy occurs, such as decompression of a high energy stream. The decompression
unit and the compression unit together are designed so as to be capable of converting a pressure difference into work.
E.g., in a preferred embodiment, the decompression unit and the compression unit share a common rotating axis con-
figured to be driven by liquid depressurization energy obtained from the decompression unit. Thereby the decompression
unit and the compression unit preferably are integrated in a single device.
[0041] In the plants as designed, used, or modified in accordance with the invention, the available pressure difference
is provided by the difference under which the HP stripper and the lower pressure (LP or MP) downstream sections are
operated. Accordingly, in these embodiments the compression unit is configured to utilize mechanical energy recovered
from a decompression unit positioned downstream of the stripper and upstream of the recovery section. Thereby the
decompression unit is in fluid communication with a liquid outlet from the stripper comprised in the synthesis section.
[0042] Hereinbefore, the invention has been discussed primarily in connection with a urea plant. Thereby the invention
is applicable both to the construction of new urea plants ("grass root" plants) as well as in revamping existing urea plants.
Interestingly, the invention provides not only a possibility for modifying a pre-existing urea stripping plant, but also a
method of modifying a urea plant of the conventional recycle type (sometimes also referred to as a "total recycle plant")
into a stripping plant
[0043] Thus, the invention includes a method of modifying a pre-existing urea stripping plant. Such a plant normally
comprises a synthesis section adapted to operate under a high pressure between 12 and 40 MPa, and a recovery section
adapted to operate under a pressure below 7 MPa. The high pressure (HP) synthesis section preferably is operated at
12 MPa to 25 MPa, and more preferably from 12 MPa to 20 MPa, such as 14 MPa to 18 MPa. Preferably stripping takes
place at 12 to 16 MPa. Generally, the synthesis section comprises, connected so as to be capable of forming a urea
synthesis loop, a urea reactor, a stripper, a condenser and optionally a scrubber. In some embodiments, as the skilled
person will be aware, a stripping plant also comprises a medium pressure (MP) treatment section. Such a section can
be placed, e.g., in series downstream of the synthesis section, but it may also be downstream of the reactor, in parallel
with the HP stripper and condenser. Reference is made to, e.g., WO 02/090323 or EP 2 086 928.
[0044] The method of modifying a pre-existing urea stripping plant comprises adding a compression unit in a position
downstream of the condenser and upstream of the reactor. Further, the method comprises, to the extent necessary,
adapting the reactor so as to be operated under a pressure at least 0.5 MPa higher than the pressure of the stripper
and the condenser. Normally, the reactor and associated equipment of a urea stripping plant will as such be capable of
being operated under a higher pressure.
[0045] In accordance with this aspect of invention, the added compression unit is adapted so as to increase the
pressure of a fluid, such as a liquid condensate, obtained from the condenser to the pressure under which the reactor
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is operated.
[0046] The pressures under which the reactor is operated, as well as the pressures under which the stripper and the
condenser are operated, are as discussed above.
[0047] As said, the invention also presents a method of modifying a pre-existing urea total-recycle plant. Such a pre-
existing plant, which is a type of plant that does not comprise a stripper and a condenser, will normally comprise, placed
in series, a HP reactor adapted to be operated at a high pressure of 15 to 40 MPa so as to obtain a urea synthesis
solution, a MP recirculation section adapted to be operated at a medium pressure of 1 to 7 MPa, and/or an LP recirculation
section adapted to be operated at a low pressure of 0.1 to 1 MPa. It will be understood that said recirculation section or
sections are adapted to decompose ammonium carbamate and to recirculate condensed gaseous components com-
prising non-reacted carbon dioxide and ammonia, and liquid components comprising ammonium carbamate, back to
the reactor. The HP reactor more typically is configured to be operated at a pressure of from 16 MPa to 35 MPa, preferably
of from 20 MPa to 30 MPa. The modification method of the invention comprises the following steps, referring to the
addition of components conventionally present in a urea stripping plant:

- adding a HP stripper downstream of the reactor and upstream of the LP (or MP) recirculation section;
- adding a HP condenser downstream of a gas outlet of the HP stripper.

[0048] In the modified plant, the synthesis section resulting from the modification is configured so as to allow the
reactor to be operated under a pressure at least 0.5 MPa higher than the pressure of the stripper and the condenser.
As mentioned above, this will generally imply the presence of a pressure regulating device which reduces the pressure
between the reactor and the stripper. Advantageously, part of the liquid leaving the reactor is thereby subjected to flash
evaporation. Thereby the flash evaporated liquid will move in the stripper as a gas, generally upwards in a gas stream
leaving the stripper, instead of flowing as a liquid, typically downwards through a stripper tube.
[0049] The added stripper is adapted so as to direct liquid obtained therefrom to either or both of the MP and LP
recirculation sections. The added condenser and the added stripper are arranged so as to subject gas obtained from
the stripper to condensation in said condenser so as to form a liquid condensate and remaining vapors.
[0050] The method further comprises steps of arranging, if necessary rearranging, how certain components are con-
nected:

- optionally arranging said HP condenser in connection with a scrubber, which will typically send liquid to an ejector
designed to feed the HP condenser. This can refer to an added HP scrubber, but it can also be an added or existing
MP or LP scrubber, which has the aforementioned advantage that the additional HP piece of equipment of a HP
scrubber can be dispensed with. The scrubber is adapted so as to subject the above-mentioned remaining vapors
to scrubbing and to recirculate resulting absorbed/condensed gases in the form of ammonium carbamate back to
the synthesis section, particularly to the reactor or to a pool condenser;

- arranging the above-mentioned HP condenser in connection with a compression unit positioned between the liquid
outlet of the condenser and the liquid inlet of the reactor, and in fluid communication therewith. This compression
unit is adapted so as to increase the pressure of fluid, such as the liquid condensate, to the pressure under which
the reactor is operated.

[0051] The aforementioned compression unit can be a compression unit as normally present in this type of (conventional
recycle) urea production plants. In a preferred embodiment, the compression unit is chosen such as to be capable of
converting a pressure difference into mechanical energy. I.e., in this embodiment the modification method of the invention
comprises adding a compression unit to the pre-existing plant. Thereby said compression unit advantageously is in the
form of an energy recovery system as referred to above. The fluid by the expansion of which, by conversion, mechanical
energy is generated, preferably is a liquid in view of the availability of systems for the recovery of internal energy from
such expansion, and converting same in to mechanical energy. However, it can also be a gas. The fluid of which the
pressure is increased can be a liquid, a gas, or (as will frequently occur) both. In the latter event, it is conceivable that
the pressure of both the liquid and the gas is increased. It is preferred, taking into account the availability of systems for
the recovery of mechanical energy, that particularly the pressure of the liquid is increased.

MP Treatment

[0052] The presence (or, as appropriate, the addition) of a MP treatment section presents a generally interesting
embodiment of the various aspects of the invention. I.e., this is applicable to the urea production plants of the invention,
as well as to the aforementioned methods of modifying pre-existing plants.
[0053] In this embodiment, the presence of the above-discussed bi-pressurized synthesis section, is suitably combined
with the presence of a medium pressure treatment section. It has been unexpectedly found that the pressure reduction
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from the HP stripper to a MP (medium pressure) treatment section is sufficient to drive a compression unit, such as the
aforementioned IsoBoost system, or other compression units that are capable of converting a pressure difference into
mechanical energy.
[0054] The MP treatment section possibly comprises a MP decomposer, either as a single apparatus, or in the form
of a MP dissociator coupled, in series, to a MP stripper. The MP section will generally also comprise a MP condenser,
for condensing gas coming from the MP dissociator and/or stripper.
[0055] It will be understood that a dissociator and a stripper can comprise two different units, typically placed in series,
or can be one and the same unit. Generally, in a stripper also dissociation will take place. This may result from heat, but
this also applies in the event that a stripping agent is used. The stripping agent (typically carbon dioxide or ammonia)
will remove ammonia and/or carbon dioxide as gaseous components from the ammonium carbamate comprising liquid
subjected to stripping. As a result of the removal of said gaseous components, the equilibrium in the liquid will shift to
further dissociation of ammonium carbamate into its components. Whilst, accordingly, a stripper is necessarily a disso-
ciator, a dissociator is not necessarily a stripper. A separate dissociator, in the field of urea production, will normally
serve to subject ammonium carbamate to dissociation energy, typically in the form of heat, as a result of which ammonium
carbamate breaks up into ammonia and carbon dioxide. Both a stripper and a dissociator generally are heat exchangers
in which heat is exchanged indirectly between steam and the process stream that is subject to the action of the stripper
or dissociator.
[0056] In the foregoing embodiment, it is also possible, for further removal of ammonia and carbon dioxide, to absorb
the uncondensed gas stream leaving the medium-pressure condenser in a medium-pressure scrubber. A preferred MP
treatment section comprises a MP adiabatic flash separator.
[0057] An advantage of the configuration of the invention, particularly in the event of providing MP treatment, is that
a HP scrubber can be dispensed with. This is a general advantage in view of the expensive nature of HP scrubbing
devices. Moreover, it adds a particular advantage for methods of modifying existing urea plants of the conventional total
recycle type. In the method of the invention the necessary HP and energy recovery compression equipment is installed.
The technical possibility to avoid also installing a HP scrubber then adds a significant economic advantage as compared
to existing processes of modifying a conventional plant into a stripping plant. A further advantage is related to safety. A
HP scrubber contains a significant amount of ammonia which is capable of forming flammable mixtures, especially in
the event of H2 becoming mixed with NH3. Particularly the scrubber off-gas may be prone to the generation of such
mixtures, as the NH3 and CO2 contents decrease in the gas phase while the H2 is a highly flammable non-condensable
whose volume fraction becomes larger over the overhead operations. When avoiding the HP scrubber, this risk is lower
since the gas stream that would otherwise have been sent to the HP scrubber will necessarily decompressed, i.e. become
expanded or in other words, its volume would increase. As a result thereof, the H2 volume fraction decreases, and so
does flammability.
[0058] In a further aspect, the invention also provides a process for the preparation of urea in a urea production plant.
Preferably, the plant will be a plant (either a new plant or a modified pre-existing plant) in accordance with the descriptions
thereof given hereinabove.
[0059] In the process of the invention, said plant comprises a synthesis section operating under a high pressure
between 12 and 40 MPa and a recovery section operating under a pressure below 1 MPa. The synthesis section
comprises urea reactor, a stripper, a condenser and optionally a scrubber. According to the invention, the process for
the preparation of urea comprises the steps of:

a) reacting ammonia and CO2 under urea forming conditions in the urea reactor to obtain a urea synthesis solution;
b) stripping the urea synthesis solution in the stripper to form a stripped urea solution and a stripper vapor comprising
ammonia, CO2 and a small amount of water (typically of the order of 42%wt (55-40) NH3, 53 %wt. CO2 (40-55) and
5%wt (2-10) H20);
c) condensing the stripper vapor obtained in b) in the condenser to form an ammonium carbamate solution;
d) recirculating said ammonium carbamate solution to the reactor;
e) subjecting the stripped urea solution to ammonia and carbon dioxide recovery in the recovery section to obtain
a urea product solution and a recovery vapor comprising ammonia and carbon dioxide;
f) recycling a condensate obtained from the recovery vapor to the urea synthesis section.

[0060] A preferred type of condensation is pool condensation, e.g. in a submerged condenser. A submerged condenser
is typically a horizontal or a vertical submerged condenser. The term "pool condenser" can also be used. In a preferred
embodiment, the submerged condenser is a horizontal pool condenser. It is noted, as the skilled person will be aware,
that pool condensation goes together with a significant amount of conversion of ammonium carbamate into urea. In
many urea plants, and as also preferred in the present invention, the first contact of the reactants NH3 and CO2 occurs
in the (HP) condenser rather than in the reactor.
[0061] The process of the invention thereby comprises reacting ammonia and carbon dioxide in the urea reactor under
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a higher pressure than whereby the stripper and the condenser are operated, preferably at least 0.5 MPa higher, such
as of from 1 MPa up to 10 MPa, such as in range of from 2 MPa to 5 MPa higher. Accordingly, the process of the invention
also comprises a step of increasing the pressure of the ammonium carbamate solution upon recirculation to the reactor
and decompression of the synthesis solution obtained from the reactor when such is sent to the stripper.
[0062] It is noted that, as a result of the present invention, the inventors also provide a urea plant (and corresponding
modifications of existing urea plants) comprising a synthesis section configured to be operated under a high pressure
between 12 and 40 MPa (preferably 12-25 MPa, more preferably 12-20MPa) and a recovery section configured to be
operated under a pressure below 7 MPa, said synthesis section comprising, connected so as to be capable of forming
a urea synthesis loop, a urea reactor, a stripper, a condenser and, optionally, a scrubber, wherein the synthesis section
is configured so as to allow the reactor to be operated under a pressure at least 0.5 MPa higher than the pressure of
the stripper and the condenser, such as up to 10 MPa, and preferably of from 2 MPa to 5 MPa, and wherein the synthesis
section comprises a compression unit positioned downstream of the condenser and upstream of the reactor, said com-
pression unit being configured so as to increase the pressure of fluid, such as liquid condensate obtained from the
condenser to the same pressure under which the reactor is operated. This plant will have the earlier indicated benefits
of a bi-pressurized synthesis section. It will be understood that this plant can be provided in all of the aforementioned
embodiments, preferably including an energy recovery system in accordance with the invention as described hereinbe-
fore.
[0063] The invention will hereinafter be further illustrated with reference to the following, non-limiting figures.
[0064] Figure 1 represents a known urea stripping process using carbon dioxide as a stripping agent.
[0065] The high pressure synthesis section comprises a reactor (REA), a stripper (STR), a condenser (HPC) and a
scrubber (SCR) that comprises a scrubber bed and/or a heat exchanger. The synthesis section is typically operated at
a pressure in between 13 and 16 MPa and the equipment parts in the synthesis section are in fluid communication.
Preferably, the fluid communication is based on a flow due to communicating vessels, i.e., due to hydrostatic pressure
and preferably without pumps. The synthesis process loop generally involves gravity flows.
[0066] In the synthesis section the urea solution leaving the urea reactor (REA) is fed (a) to a stripper (STR) in which
a large amount of non-converted ammonia and carbon dioxide is separated from the aqueous urea solution. The stripper
is a shell and tube heat exchanger in which the urea solution is fed to the top part via line (a) at the tube side and a
carbon dioxide feed is added to the bottom part of the stripper via line (b) at the tube side too. The carbon dioxide may
but not necessarily contain inert and may comprise air for protecting the fabrication materials of the equipment and lines
in the synthesis section against excessive corrosion. The urea solution from the reactor (REA) supplied to the stripper
(STR) via line (a) is counter currently contacted with the supplied carbon dioxide. By this the partial pressure of ammonia
and CO2 in the urea solution are decreased, which causes the non-converted ammonium carbamate to decompose. As
a heating agent, steam at a pressure of 1.5 to 2.5 MPa is supplied for the purpose of indirect heat exchange, typically
to the shell side of said stripper (STR) in order to provide the heat of dissociation of the ammonium carbamate and to
obtain a urea concentration in the urea solution leaving that stripper of approximately 53 to 56 % by weight. The vapor
leaving the stripper (STR) via line (c) contains ammonia, carbon dioxide, inerts and a small amount of water, and is
supplied to a condenser (HPC). Ammonia is supplied to that high pressure condenser (HPC) as well, via line (p). In this
condenser the ammonia and carbon dioxide are condensed into an ammonium carbamate solution. If the high pressure
condenser (HPC) is of a submerged type, residence time of the liquid phase is created, which causes the endothermic
urea reaction to occur. The released condensation heat is exchanged indirectly with process condensate and used to
form low pressure (LP) steam that is typically used as a heating agent elsewhere in the process, e.g. as heating agent
in the evaporation section and/or as a driving force for ejectors. The thus formed ammonium carbamate solution together
with non-condensed inert vapor leaving the condenser (HPC) is sent via line (d) to the reactor (REA), where the endo-
thermic urea reaction approaches the equilibrium. It is noted that line (d), in practice, will usually comprise two different
lines, viz. one configured to carry gas and the other configured to carry liquids.
[0067] In the top of the reactor (REA) the solution is separated from the non-condensed vapor that comprises next to
ammonia and carbon dioxide also inerts. The urea solution leaving the reactor (REA) is typically controlled at an ammonia
to carbon dioxide molar ratio in the range of 2.8 to 3.2 mol/mol and the water to carbon dioxide molar ratio in the urea
solution leaving the reactor (REA) is typically in the range of 0.45 to 0.7 mol/mol and usually in the range 0.5 to 0.65
mol/mol. The non-condensed inert vapor leaving the reactor (REA) is sent to the scrubber (SCR) via line (e). In the
scrubber (SCR) the non-condensed ammonia and carbon dioxide is separated from the inert vapor by feeding the
ammonium carbamate, formed in the recovery section as absorbent via line (k). The inert vapor via line (f) is sent into
the atmosphere directly or is treated in an absorber before releasing it into the atmosphere. The formed ammonium
carbamate solution in the scrubber (SCR) is returned to the condenser (HPC) via line (g). In most cases the pressure
of the formed ammonium carbamate solution in the scrubber (SCR) is increased by an ammonia ejector (EJEC) before
it enters the condenser (HPC) via line (p). As a driving force for this ejector (EJEC) the liquid ammonia feedstock is used
that enters said ejector via line (h).
[0068] The urea solution leaving the urea stripper (STR) via line (i) comprises typically in between 9 and 14 % by
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weight of non-converted carbon dioxide and is expanded, typically through an expansion valve, and sent directly to a
recovery section (REC). The operating pressure in the recovery section is usually 0.2 to 0.6 MPa. The recovery section
comprises usually a decomposer (e.g. a rectifying column) and a condensation section. The decomposer is usually a
shell and tube heat exchanger. In the decomposer the ammonium carbamate left in the urea solution is fed to the tube
side of the shell and tube heat exchanger and decomposed into ammonia and carbon dioxide vapor by adding steam
to the shell side. The urea solution leaves said decomposer at a temperature of 120 - 145 °C and preferably at a
temperature of 130 to 140 °C after which the pressure of said urea solution is decreased causing a further purification
of the urea solution by flashing.
[0069] The released vapor from the decomposer comprising ammonia, carbon dioxide and water is condensed in a
low pressure carbamate condenser (LPCC) comprised in the recovery section (REC), thereby forming an ammonium
carbamate solution that is recycled to the synthesis section. Preferably, but not necessarily, the ammonium carbamate
is pumped to the scrubber (SCR) in the synthesis section.
[0070] The urea solution leaving the recovery section (REC) arrives via line (j) in the evaporation section (EVAP). In
this evaporation section (EVAP) the urea solution is concentrated to the desired urea concentration that is determined
by the finishing section (not shown). Usually the concentration of the urea solution takes place at sub-atmospheric
pressure and dependent on the required concentration one or a plurality of evaporators are used. The concentrated
urea solution leaves the evaporation section via line (l). The released vapor leaving the evaporators via line (m) comprising
water, ammonia and carbon dioxide is condensed to form process condensate. Since the operating pressure in the
evaporator is sub-atmospheric, small amounts of urea are entrained and leave the evaporators via the vapor phase.
This urea is traced back in the formed process condensate leaving the condensation section (COND) via line (n). Said
formed process condensate is thereafter totally or partially being used as absorbent in the absorbers of the plant to
purify inert vapor, subjected to a process condensate treatment section (TREAT). The process condensate treatment
section comprises a first desorber, a hydrolyser column followed by a next second desorber (not shown). In the first
desorber the bulk of ammonia and carbon dioxide is stripped from the water solution. The stripped condensate is subjected
to a heated liquid filled column (hydrolyser) in which the urea, occurring in said condensate, is decomposed into ammonia
and carbon dioxide. The effluent leaving this hydrolyser comprising water, ammonia and carbon dioxide is subjected to
the next second desorber in which the residual ammonia and carbon dioxide is stripped from the condensate. Usually
steam is used as stripping agent in this second desorber. The purified process condensate leaves the treatment section
(TREAT) via line (o). The hot off-gas leaving the second desorber comprising ammonia and carbon dioxide is usually
used as stripping agent for the said first desorber. The off-gases leaving the first desorber, comprising ammonia, carbon
dioxide and water, are condensed where after that formed concentrated process condensate is added via line (r) to the
condensation section of the recovery section (REC).
[0071] Fig. 2 shows a process scheme as in Fig.1, modified in accordance with the invention. Accordingly, a com-
pression unit (CU) is positioned downstream of the HP condenser and upstream of the reactor, whereby said compression
unit is adapted to use energy recovered from the expansion of the liquid stream running via line (i) from the stripper to
the recovery section. The energy recovery is indicated by shaded line (v). In a preferred embodiment (not shown in
Fig.2), the compression unit (CU) and the pressure reduction valve associated with line v, will be replaced by an energy
recovery system, particularly comprising the compression unit as well as a decompression unit integrated in the form of
an energy-recovery unit.
[0072] Fig. 3 shows a typical heat stripping process known in the art. The synthesis section comprises typically the
equipment: a reactor (REA), a stripper (STR), a condenser (HPC), an ejector (EJEC) and a liquid/gas separator (SEP).
The reaction zone (REA) in the synthesis section is typically operated at a pressure in between 15 and 19 MPa while
the pressure in the reactor (REA) is typically 0.3 to 1.2 MPa higher than the pressure in the remaining synthesis equipment.
The pressure difference is realized by the application of an ejector (EJEC) that boosts the ammonium carbamate solution,
formed in the condenser (HPC). The condenser (HPC) is typically a kettle type and since the tube side is the process
side in this condenser, is the retention limited and as a consequence is the formed urea in such a condenser negligible.
As driving force pressurized ammonia is used in the ejector (EJEC).
[0073] In the synthesis section the urea solution leaving the urea reactor (REA) is typically controlled at an ammonia
to carbon dioxide molar ratio in between 3.1 and 3.9 mol/mol and the water to carbon dioxide molar ratio in the urea
solution leaving the reactor (REA) is typically in the range of 0.5 to 0.7 mol/mol and usually in the range of 0.55 to 0.65
mol/mol. This urea solution is fed to a stripper (STR) in which a large amount of non-converted ammonia and carbon
dioxide is separated from the aqueous urea solution. The stripper is a shell and tube heat exchanger in which the urea
solution is fed to the top part via line (a) at the tube side. At the shell side of said stripper steam at a pressure of 1.0 to
2.3 MPa is added as a heating agent. The released vapor leaving the stripper (STR) via line (c) is sent to the condenser
(HPC) together with the ammonium carbamate solution formed in the downstream recovery section (MP REC) via line
(n). In this condenser (HPC) the exothermic ammonium carbamate reaction takes place. The released condensation
heat is used to form steam that is used as heating agent and driving force of ejectors in the downstream processing of
the synthesis section. The formed ammonium carbamate solution together with non-condensed ammonia and carbon
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dioxide vapor is sent via line (e) to a vessel (SEP) in which the vapor phase is separated from the ammonium carbamate
liquid phase. The ammonium carbamate solution is sent via line (g) to an ejector where the discharged ammonium
carbamate solution is increased in pressure in between 0.3 to 1.2 MPa. As a driving force pressurized liquid ammonia
(j) is used. The pressurized ammonium carbamate solution enters the reactor (REA) via line (i) together with the feedstock
carbon dioxide via line (b). In the reactor (REA) the endothermic urea reactor proceeds approaching the chemical
equilibrium. The urea solution comprising urea, ammonia, carbon dioxide and water together with the non-condensed
vapor comprising ammonia, carbon dioxide and inerts leave the reactor (REA) via line (a). In this line (a) the urea solution
is expanded by a valve to a pressure that is in the range of 0.3 to 1.2 MPa lower than the pressure in the reactor (REA).
Said urea solution together with the non-condensed and expanded vapor enters the stripper (STR) at the top side.
[0074] The stripped urea solution leaving the stripper (STR) at the bottom via line (d) comprises typically 6 to 10 %
by weight of non-converted carbon dioxide and is expanded and subsequently added to a first recovery section (MP
REC) operated at a pressure in the range of 1.5 to 2.5 MPa. The non-condensed vapor leaving the synthesis section
via line (f) is added to the first recovery section (MP REC) as well. In this first recovery section (MP REC) the excess of
ammonia is separated from the urea and ammonium carbamate solution. The excess ammonia in the vapor phase
leaves the first recovery section via line (k) to the ammonia recovery section (AM REC) in which the ammonia vapor is
condensed (l) after which it is collected in an ammonia collection vessel (VESSEL). The feedstock ammonia liquid from
battery limit is added to this vessel (VESSEL) as well, via line (h), after which the liquid ammonia via line (j) is increased
in pressure and used as driving force for the ejector (EJEC) in the synthesis section.
[0075] The ammonium carbamate left in the urea solution is heated in a decomposer in the first recovery section (MP
REC) to separate the ammonia and carbon dioxide from the urea solution. The vapor formed in said decomposer
comprises ammonia and carbon dioxide and is subjected to condensation to form an ammonium carbamate solution
that leaves the first recovery section (MP REC) via line (n). This ammonium carbamate solution is increased in pressure
where after it is added to the condenser (HPC) in the synthesis section.
[0076] The urea solution leaving the first recovery section (MP REC) via line (m) is expanded and thereafter added
to a second recovery section (LP REC) typically operated at a pressure in the range of 0.2 to 0.6 MPa. This urea solution
leaving the first recovery section (MP REC) still contains a considerable amount of ammonia and carbon dioxide. The
second recovery section (LP REC) comprises usually a decomposer and a condensation. The decomposer is usually
a shell and tube heat exchanger. In the decomposer the ammonium carbamate left in the urea solution is fed to the tube
side and decomposed into ammonia and carbon dioxide vapor by adding steam to the shell side. The urea solution
leaves said decomposer at a temperature of 120 - 145 °C and preferably at a temperature of 130 - 140 °C where after
the pressure of said urea solution is decreased causing a further purification of the urea solution by flashing.
[0077] The released vapor from the decomposer comprising ammonia, carbon dioxide and water is condensed in the
condensation section of this recovery section (LP REC) thereby forming an ammonium carbamate solution that is pumped
to preferably the condensation in the first recovery section (MP REC) via line (p).
[0078] The urea solution leaving the second recovery section (LP REC) arrives via line (o) the evaporation section
(EVAP). In this evaporation section (EVAP) the urea solution is concentrated to the desired urea concentration that is
determined by the finishing section (not indicated). Usually the concentration of the urea solution takes place at sub-
atmospheric pressure and dependent of the required concentration one or a plurality of evaporators are used. The
concentrated urea solution leaves the evaporation section via line (r). The released vapor leaving the evaporators via
line (q) comprising water, ammonia and carbon dioxide is condensed to form process condensate. Since the operation
pressure in the evaporator is sub-atmospheric, small amounts of urea is entrained and leaves the evaporators via the
vapor phase (q). This urea is traced back in the formed process condensate leaving the condensation section (COND)
via line (s). Said formed process condensate is thereafter totally or partially being used as absorbent in the absorbers
of the plant to purify inert vapor, subjected to a process condensate treatment section (TREAT). The process condensate
treatment section comprises a first desorber, a hydrolyser column or horizontal vessel followed by a next second desorber.
In the first desorber the bulk of ammonia and carbon dioxide is stripped from the water solution. The stripped condensate
is subjected to a heated liquid filled column/ vessel (hydrolyser) in which the urea, occurring in said condensate, is
decomposed into ammonia and carbon dioxide. The effluent leaving this hydrolyser comprising water, ammonia and
carbon dioxide is subjected to the next second desorber in which the left ammonia and carbon dioxide is stripped from
the condensate. Usually steam is used as stripping agent in this second desorber. The purified process condensate
leaves the treatment section (TREAT) via line (t). The hot off gas leaving the second desorber comprising ammonia and
carbon dioxide is usually used as stripping agent for the said first desorber. The off gases leaving the first desorber,
comprising ammonia, carbon dioxide and water, are condensed where after that formed concentrated process conden-
sate is pumped via line (u) to the condensation section of the recovery section (LP REC).
[0079] Fig. 4 shows a process scheme as in Fig.3, modified in accordance with the invention. Accordingly, a com-
pression unit (CU) is positioned downstream of the HP condenser and upstream of the reactor, whereby said compression
unit is adapted to use energy recovered from the expansion of the liquid stream running via line (i) from the stripper to
the recovery section. The energy recovery is indicated by shaded line (v). As mentioned above, in a preferred embodiment
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(not shown in Fig.4), the compression unit CU and the pressure reduction valve associated with line v, will be replaced
by an energy recovery system, particularly comprising the compression unit as well as a decompression unit integrated
in the form of an energy-recovery unit.
[0080] Fig. 5 shows a process scheme for a urea stripping process according to an embodiment of the invention,
wherein a MP-flash is included. A high-pressure reactor (16 MPa - 20 MPa) (51) fed with carbon dioxide and ammonia
to form a urea solution and a gas stream. The urea solution is sent to a high-pressure (13 MPa - 15 MPa) CO2 stripper
(52) wherein a product stream and an ammonia and CO2 containing gas stream are formed. The product stream is sent
to a medium-pressure recovery section (2MPa -2.5 MPa) (53) and the aforementioned ammonia and CO2 containing
gas stream is sent to the high-pressure pool condenser (13 MPa - 15 MPa) (54). Additionally, an ammonia feed that
could be pre-heated, together with recycled ammonium carbamate, is sent to the reactor. The liquid stream leaving the
pool condenser is directed to the high-pressure reactor; the gas stream leaving the pool condenser is collected together
with the gas stream from the high-pressure reactor and with the ammonia and CO2 containing gas leaving the medium
and low-pressure recovery section to a pre-evaporator (2 MPa -2.5 MPa) (55). The system comprises an energy-recovery
unit (56) configured to obtain energy from liquid pressure reduction (stream 5a, running from the high pressure stripper
to the medium pressure treatment section), so as to increase the pressure of liquid sent from the high pressure condenser
to the reactor (stream 5b).
[0081] In sum, the invention relates to a urea plant wherein, in deviation from conventional plants, a high-pressure
synthesis section is operated with two different pressures. The synthesis section comprises a reactor, which is operated
under a first high pressure. The synthesis section also comprises a stripper and a condenser, both operated at the same
second high pressure. In accordance with the invention, the first pressure is at least 0.5 MPa higher than the second
pressure. The disclosed plant particularly comprises a compression unit capable of converting a pressure difference
into mechanical energy. This compression unit is positioned between the liquid outlet of the condenser and the liquid
inlet of the reactor, and in fluid communication therewith. In order to make use of a pressure drop (expansion as a result
of a liquid being depressurized), said compression unit is configured to obtain compression energy from one or more
events in the urea production process (i.e., at one or more points in the urea production plant), at which a loss of energy
occurs, such as decompression of a high energy stream. Typically, the compression unit is thereby configured to utilize
mechanical energy recovered from a decompression unit positioned downstream of the stripper and upstream of the
recovery section.

Claims

1. A plant for the production of urea comprising a synthesis section configured to be operated under a high pressure
between 12 and 40 MPa and a recovery section configured to be operated under a pressure below 7 MPa, said
synthesis section comprising, connected so as to be capable of forming a urea synthesis loop, a urea reactor, a
stripper, a condenser and, optionally, a scrubber, wherein the synthesis section is configured so as to allow the
reactor to be operated under a pressure at least 0.5 MPa higher than the pressure of the stripper and the condenser,
and wherein the synthesis section comprises a compression unit positioned downstream of the condenser and
upstream of the reactor, said compression unit being configured so as to increase the pressure of fluid, such as
liquid condensate, obtained from the condenser to the same pressure under which the reactor is operated, whereby
said compression unit is configured to utilize mechanical energy recovered from a decompression unit positioned
downstream of the stripper and upstream of the recovery section.

2. A plant according to claim 1, wherein the decompression unit and the compression unit are integrated in the form
of an energy-recovery unit.

3. A plant according to claim 2, wherein the decompression unit and the compression unit share a common rotating
axis configured to be driven by liquid depressurization energy obtained from the decompression unit.

4. A plant according to any one of the preceding claims, said plant being a carbon dioxide stripping plant, wherein the
stripper is capable of being operated using carbon dioxide as a stripping gas.

5. A carbon dioxide stripping plant according to claim 4, adapted so as to feed additional carbon dioxide directly to the
reactor.

6. A plant according to any one of the preceding claims, wherein the synthesis section is configured to be operated
with a pressure difference such that the reactor is operated at a pressure up to 80 MPa higher than the pressure of
the stripper and the condenser.
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7. A plant according to claim 6, wherein said pressure difference is in a range of from 2 MPa to 5 MPa.

8. A plant according to any one of the preceding claims, wherein the stripper and the condenser are adapted to be
operated under a pressure of from 13 to 15 MPa, and the reactor is adapted to be operated under a pressure of 16
to 21 MPa.

9. A plant according to any one of the preceding claims, wherein the condenser is a submerged condenser.

10. A plant according to any one of the preceding claims, wherein the reactor is placed at a low level such that the liquid
inlet of the reactor for receiving condensate from the condenser, is below the outlet of the condenser for said
condensate.

11. A plant according to any one of the preceding claims, wherein the reactor is positioned vertically.

12. A plant according to any one of the preceding claims, comprising a medium pressure treatment section downstream
of the reactor and upstream of the recovery section.

13. A method of modifying a pre-existing urea stripping plant so as to provide a modified plant, said pre-existing plant
comprising a synthesis section adapted to operate under a high pressure between 12 and 40 MPa and a recovery
section adapted to operate under a pressure below 7 MPa, said synthesis section comprising, connected so as to
be capable of forming a urea synthesis loop, a urea reactor, a stripper, a condenser and optionally a scrubber,
wherein the modifying of the pre-existing plant comprises adding a compression unit in a position downstream of
the HP condenser and upstream of the reactor, wherein the synthesis section is configured so as to allow the reactor
to be operated under a pressure at least 0.5 MPa higher than the pressure of the stripper and the condenser, said
compression unit being adapted so as to increase the pressure of fluid, such as liquid condensate, obtained from
the HP condenser to the same pressure under which the reactor is operated, whereby said compression unit is
configured to utilize mechanical energy recovered from decompression of liquid downstream of the stripper and
upstream of the recovery section.

14. A method of modifying a pre-existing urea recycle plant so as to provide a modified plant, said pre-existing plant
comprising, placed in series, a HP reactor adapted to be operated at a high pressure of 16 to 40 MPa so as to obtain
a urea synthesis solution, a MP recirculation section adapted to be operated at a medium pressure of 1 to 5 MPa,
and an LP recirculation section adapted to be operated at a low pressure of 0.1 to 1 MPa, said recirculation sections
adapted to decompose ammonium carbamate and to recirculate a liquid condensate comprising non-reacted carbon
dioxide and ammonia, and liquid components comprising ammonium carbamate, back to the reactor, the method
comprising:

- adding a HP stripper downstream of the reactor and upstream of the MP recirculation section, said stripper
being adapted so as to direct liquid obtained therefrom to either or both of the MP and LP recirculation sections;
- adding a HP condenser, whereby the HP condenser and the HP stripper are mutually arranged such as to
subject gas obtained from the HP stripper to condensation in said HP condenser so as to form a liquid condensate
and remaining vapors;
- arranging said HP condenser in connection with a compression unit positioned downstream of the condenser
and upstream of the reactor

wherein said compression unit is configured so as to increase the pressure of liquid condensate, obtained from the
condenser, to the same pressure under which the reactor is operated, whereby said compression unit is configured
to utilize mechanical energy recovered from decompression of liquid downstream of the stripper and upstream of
the recovery section.

15. A method according to claim 13 or 14, wherein the modified plant is a plant in accordance with any one of the claims
1 to 12.

16. A process for the preparation of urea in a urea production plant, said plant comprising a synthesis section operating
under a high pressure between 12 and 40 MPa and a recovery section operating under a pressure below 1 MPa,
said synthesis section comprising, connected so as to be capable of forming a urea synthesis loop, a urea reactor,
a stripper, a condenser and optionally a scrubber, the process comprising the steps of:
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a) reacting ammonia and CO2 under urea forming conditions in the urea reactor to obtain a urea synthesis
solution;
b) stripping the urea synthesis solution in the stripper to form a stripped urea solution and a stripper vapor
comprising ammonia, CO2 and water;
c) condensing the stripper vapor obtained in b) in the condenser to form an ammonium carbamate solution;
d) recirculating said ammonium carbamate solution to the reactor;
e) subjecting the stripped urea solution to recovery of ammonia, and optionally CO2, in the recovery section to
obtain a urea product solution and a recovery vapor comprising the ammonia and the optional CO2;
f) recycling the recovery vapor to the urea synthesis section;

the process further comprising operating the urea reactor under a pressure at least 2 MPa higher pressure than the
pressure of the stripper and the condenser, and increasing the pressure of the ammonium carbamate solution upon
recirculation to the reactor, wherein energy utilized in increasing said pressure comprises mechanical energy re-
covered from a decompression unit positioned downstream of the stripper and upstream of the recovery section.

17. A process according to claim 16, wherein the urea synthesis is conducted in a plant according to any one of the
claims 1 to 12.

Patentansprüche

1. Anlage für die Herstellung von Harnstoff, umfassend einen Syntheseabschnitt, konfiguriert, um unter einem hohen
Druck zwischen 12 und 40 MPa betrieben zu werden, und einen Rückgewinnungsabschnitt, konfiguriert, um unter
einem Druck unterhalb 7 MPa betrieben zu werden, der Syntheseabschnitt umfassend, verbunden so, um zum
Bilden einer Harnstoffsyntheseschleife geeignet zu sein, einen Harnstoffreaktor, einen Stripper, einen Kondensator
und optional einen Gaswäscher, wobei der Syntheseabschnitt konfiguriert ist, um so dem Reaktor zu ermöglichen,
unter einem Druck, wenigstens 0,5 MPa höher als der Druck des Strippers und des Kondensators, betrieben zu
werden, und wobei der Syntheseabschnitt eine Kompressionseinheit, positioniert stromabwärts des Kondensators
und stromaufwärts des Reaktors, umfasst, wobei die Kompressionseinheit so konfiguriert ist, um den Druck von
Flüssigkeit, wie flüssiges Kondensat, erhalten von dem Kondensator, auf den gleichen Druck zu erhöhen, unter
dem der Reaktor betrieben wird, wobei die Kompressionseinheit so konfiguriert ist, um mechanische Energie, rück-
gewonnen aus einer Dekompressionseinheit, positioniert stromabwärts des Strippers und stromaufwärts des Rück-
gewinnungsabschnitts zu nutzen.

2. Anlage nach Anspruch 1, wobei die Dekompressionseinheit und die Kompressionseinheit in der Form einer Ener-
gierückgewinnungseinheit integriert sind.

3. Anlage nach Anspruch 2, wobei die Dekompressionseinheit und die Kompressionseinheit eine gemeinsame Dreh-
achse teilen, konfiguriert, um durch flüssige Druckentlastungsenergie, erhalten von der Dekompressionseinheit,
angetrieben zu werden.

4. Anlage nach einem der vorhergehenden Ansprüche, wobei die Anlage eine Kohlendioxid-Strippanlage ist, wobei
der Stripper geeignet ist, unter Verwendung von Kohlendioxid als Strippgas betrieben zu werden.

5. Kohlendioxid-Strippanlage nach Anspruch 4, so angepasst, um zusätzliches Kohlendioxid direkt dem Reaktor zu-
zuführen.

6. Anlage nach einem der vorhergehenden Ansprüche, wobei der Syntheseabschnitt konfiguriert ist, um mit einer
Druckdifferenz betrieben zu werden, so dass der Reaktor bei einem Druck bis zu 80 MPa höher als der Druck des
Strippers und des Kondensators betrieben wird.

7. Anlage nach Anspruch 6, wobei die Druckdifferenz in einem Bereich von von 2 MPa bis 5 MPa ist.

8. Anlage nach einem der vorhergehenden Ansprüche, wobei der Stripper und der Kondensator angepasst sind, unter
einem Druck von von 13 bis 15 MPa betrieben zu werden, und der Reaktor angepasst ist, unter einem Druck von
16 bis 21 MPa betrieben zu werden.

9. Anlage nach einem der vorhergehenden Ansprüche, wobei der Kondensator ein untergetauchter Kondensator ist.
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10. Anlage nach einem der vorhergehenden Ansprüche, wobei der Reaktor auf einem niedrigen Niveau platziert ist, so
dass der Flüssigkeitseinlass des Reaktors zum Aufnehmen von Kondensat von dem Kondensator unter dem Auslass
des Kondensators für das Kondensat ist.

11. Anlage nach einem der vorhergehenden Ansprüche, wobei der Reaktor vertikal positioniert ist.

12. Anlage nach einem der vorhergehenden Ansprüche, umfassend einen Mitteldruckbehandlungsabschnitt stromab-
wärts des Reaktors und stromaufwärts des Rückgewinnungsabschnitts.

13. Verfahren zum Modifizieren einer vorbestehenden Harnstoff-Strippanlage, um so eine modifizierte Anlage bereit-
zustellen, die vorbestehende Anlage umfassend einen Syntheseabschnitt, angepasst, um unter einem hohen Druck
zwischen 12 und 40 MPa zu arbeiten, und einen Rückgewinnungsabschnitt, angepasst, um unter einem Druck
unterhalb 7 MPa zu arbeiten, der Syntheseabschnitt umfassend, verbunden so, um zum Bilden einer Harnstoffsyn-
theseschleife geeignet zu sein, einen Harnstoffreaktor, einen Stripper, einen Kondensator und optional einen Gas-
wäscher, wobei das Modifizieren der vorbestehenden Anlage Hinzufügen einer Kompressionseinheit in einer Position
stromabwärts des HP-Kondensators und stromaufwärts des Reaktors umfasst, wobei der Syntheseabschnitt so
konfiguriert ist, um dem Reaktor zu ermöglichen, unter einem Druck, wenigstens 0,5 MPa höher als der Druck des
Strippers und des Kondensators, betrieben zu werden, wobei die Kompressionseinheit angepasst ist, um den Druck
der Flüssigkeit, wie flüssiges Kondensat, erhalten aus dem HP-Kondensator, auf den gleichen Druck, unter dem
der Reaktor betrieben wird, zu erhöhen, wobei die Kompressionseinheit konfiguriert ist, mechanische Energie,
rückgewonnen von Dekompression der Flüssigkeit stromabwärts des Strippers und stromaufwärts des Rückgewin-
nungsabschnitts, zu nutzen.

14. Verfahren zum Modifizieren einer vorbestehenden Harnstoff-Recyclinganlage, um so eine modifizierte Anlage be-
reitzustellen, die vorbestehende Anlage umfassend, platziert in Reihe, einen HP-Reaktor, angepasst, um bei einem
hohen Druck von 16 bis 40 MPa betrieben zu werden, um so eine Harnstoffsyntheselösung zu erhalten, einen
Mitteldruck-Rezirkulationsabschnitt, angepasst, um bei einem mittleren Druck von 1 bis 5 MPa betrieben zu werden,
und einen LP (Niederdruck)-Rezirkulationsabschnitt, angepasst, um bei einem niedrigen Druck von 0,1 bis 1 MPa
betrieben zu werden, die Rezirkulationsabschnitte angepasst, um Ammoniumcarbamat zu zersetzen, und ein flüs-
siges Kondensat, umfassend nicht-umgesetztes Kohlendioxid und Ammoniak, und flüssige Komponenten, umfas-
send Ammoniumcarbamat, in den Reaktor zurückzuführen, das Verfahren umfassend:

- Hinzufügen eines HP (Hochdruck)-Strippers stromabwärts des Reaktors und stromaufwärts des MP (Mittel-
druck)-Rezirkulationsabschnitts, wobei der Stripper so angepasst ist, um Flüssigkeit, erhalten daraus, zu einem
oder beiden der MP- und LP-Rezirkulationsabschnitte zu leiten;
- Hinzufügen eines HP-Kondensators, wobei der HP-Kondensator und der HP-Stripper wechselseitig angeord-
net sind, um so Gas, erhalten von dem HP-Stripper, zur Kondensation in dem HP-Kondensator auszusetzen,
um so ein flüssiges Kondensat und verbleibende Dämpfe zu bilden;
- Anordnen des HP-Kondensators in Verbindung mit einer Kompressionseinheit, positioniert stromabwärts des
Kondensators und stromaufwärts des Reaktors, wobei die Kompressionseinheit so konfiguriert ist, um den
Druck des flüssigen Kondensats, erhalten von dem Kondensator,

auf den gleichen Druck, unter dem der Reaktor betrieben wird, zu erhöhen, wobei die Kompressionseinheit konfi-
guriert ist, um mechanische Energie, rückgewonnen aus Dekompression von Flüssigkeit stromabwärts des Strippers
und stromaufwärts des Rückgewinnungsabschnitts, zu nutzen.

15. Verfahren nach Anspruch 13 oder 14, wobei die modifizierte Anlage eine Anlage nach einem der Ansprüche 1 bis
12 ist.

16. Verfahren für die Herstellung von Harnstoff in einer Harnstoffproduktionsanlage, die Anlage umfassend einen Syn-
theseabschnitt, arbeitend unter einem hohen Druck zwischen 12 und 40 MPa, und einen Rückgewinnungsabschnitt,
arbeitend unter einem Druck unterhalb 1 MPa, der Syntheseabschnitt umfassend, verbunden so, um zum Bilden
einer Harnstoffsyntheseschleife geeignet zu sein, einen Harnstoffreaktor, einen Stripper, einen Kondensator und
optional einen Gaswäscher, das Verfahren umfassend die Schritte von:

a) Umsetzen von Ammoniak und CO2 unter Harnstoffbildungsbedingungen in dem Harnstoffreaktor, um eine
Harnstoffsyntheselösung zu erhalten;
b) Strippen der Harnstoffsyntheselösung in dem Stripper, um eine gestrippte Harnstofflösung und einen Strip-
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perdampf, umfassend Ammoniak, CO2 und Wasser, zu bilden;
c) Kondensieren des Stripper-Dampfes, erhalten in b) in dem Kondensator, um eine Ammoniumcarbamatlösung
zu bilden;
d) Rezirkulieren der Ammoniumcarbamatlösung in den Reaktor;
e) Aussetzen der gestrippten Harnstofflösung der Rückgewinnung von Ammoniak und optional CO2 in dem
Rückgewinnungsabschnitt, um eine Harnstoffproduktlösung und einen Rückgewinnungsdampf zu erhalten,
umfassend das Ammoniak und das optionale CO2;
f) Rückführen des Rückgewinnungsdampfes in den Harnstoffsyntheseabschnitt;

das Verfahren ferner umfassend Betreiben des Harnstoffreaktors unter einem Druck, wenigstens 2 MPa höherer
Druck als der Druck des Strippers und des Kondensators, und Erhöhen des Drucks der Ammoniumcarbamatlösung
bei Rezirkulation in den Reaktor, wobei Energie, genutzt beim Erhöhen des Drucks, mechanische Energie, rück-
gewonnen aus einer Dekompressionseinheit, positioniert stromabwärts des Strippers und stromaufwärts des Rück-
gewinnungsabschnitts, umfasst.

17. Verfahren nach Anspruch 16, wobei die Harnstoffsynthese in einer Anlage nach einem der Ansprüche 1 bis 12
durchgeführt wird.

Revendications

1. Installation pour la production d’urée comprenant une section de synthèse configurée pour fonctionner sous une
pression élevée de 12 à 40 MPa et une section de récupération configurée pour fonctionner sous une pression
inférieure à 7 MPa, ladite section de synthèse comprenant, connectés afin de pouvoir former une boucle de synthèse
d’urée, un réacteur d’urée, un épurateur, un condenseur et, éventuellement un laveur de gaz, dans laquelle la
section de synthèse est configurée afin de permettre au réacteur de fonctionner sous une pression au moins 0,5
MPa supérieure à la pression de l’épurateur et du condenseur, et dans laquelle la section de synthèse comprend
une unité de compression positionnée en aval du condenseur et en amont du réacteur, ladite unité de compression
étant configurée pour augmenter la pression de fluide, tel qu’un condensat liquide, obtenu à partir du condenseur
à la même pression sous laquelle le réacteur fonctionne, sur quoi ladite unité de compression est configurée pour
utiliser de l’énergie mécanique récupérée à partir d’une unité de décompression positionnée en aval de l’épurateur
et en amont de la section de récupération.

2. Installation selon la revendication 1, dans laquelle l’unité de décompression et l’unité de compression sont intégrées
dans la forme d’une unité de récupération d’énergie.

3. Installation selon la revendication 2, dans laquelle l’unité de décompression et l’unité de compression partagent un
axe de rotation commun configuré pour être commandé par de l’énergie de dépressurisation de liquide obtenue à
partir de l’unité de décompression.

4. Installation selon l’une quelconque des revendications précédentes, ladite installation étant une installation d’épu-
ration au dioxyde de carbone, dans laquelle l’épurateur est capable de fonctionner en utilisant du dioxyde de carbone
comme gaz d’épuration.

5. Installation d’épuration au dioxyde de carbone selon la revendication 4, adaptée pour introduire du dioxyde de
carbone supplémentaire directement dans le réacteur.

6. Installation selon l’une quelconque des revendications précédentes, dans laquelle la section de synthèse est con-
figurée pour fonctionner avec une différence de pression telle que le réacteur fonctionne à une pression jusqu’à 80
MPa supérieure à la pression de l’épurateur et du condenseur.

7. Installation selon la revendication 6, dans laquelle ladite différence de pression se trouve dans un intervalle de 2
MPa à 5 MPa.

8. Installation selon l’une quelconque des revendications précédentes, dans laquelle l’épurateur et le condenseur sont
adaptés pour fonctionner sous une pression de 13 à 15 MPa, et le réacteur est adapté pour fonctionner sous une
pression de 16 à 21 MPa.
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9. Installation selon l’une quelconque des revendications précédentes, dans laquelle le condenseur est un condenseur
immergé.

10. Installation selon l’une quelconque des revendications précédentes, dans laquelle le réacteur est placé à un niveau
bas de sorte que l’entrée de liquide du réacteur pour recevoir du condensat du condenseur, se trouve sous la sortie
du condenseur pour ledit condensat.

11. Installation selon l’une quelconque des revendications précédentes, dans laquelle le réacteur est positionné verti-
calement.

12. Installation selon l’une quelconque des revendications précédentes, comprenant une section de traitement moyenne
pression en aval du réacteur et en amont de la section de récupération.

13. Procédé de modification d’une installation d’épuration d’urée préexistante afin de fournir une installation modifiée,
ladite installation préexistante comprenant une section de synthèse adaptée pour fonctionner sous une pression
élevée de 12 à 40 MPa et une section de récupération adaptée pour fonctionner sous une pression inférieure à 7
MPa, ladite section de synthèse comprenant, connectés afin de pouvoir former une boucle de synthèse d’urée, un
réacteur d’urée, un épurateur, un condenseur et éventuellement un laveur de gaz, dans lequel la modification de
l’installation préexistante comprend l’addition d’une unité de compression dans une position en aval du condenseur
HP et en amont du réacteur, dans lequel la section de synthèse est configurée afin de permettre au réacteur de
fonctionner sous une pression au moins 0,5 MPa supérieure à la pression de l’épurateur et du condensateur, ladite
unité de compression étant adaptée pour augmenter la pression de fluide, tel qu’un condensat liquide, obtenu à
partir du condenseur HP à la même pression sous laquelle le réacteur fonctionne, sur quoi ladite unité de compression
est configurée pour utiliser de l’énergie mécanique récupérée de la décompression de liquide en aval de l’épurateur
et en amont de la section de récupération.

14. Procédé de modification d’une installation de recyclage d’urée préexistante afin de fournir une installation modifiée,
ladite installation pré-existante comprenant, placés en série, un réacteur HP adapté pour fonctionner à une pression
élevée de 16 à 40 MPa afin d’obtenir une solution de synthèse d’urée, une section de recirculation MP adaptée
pour fonctionner à une pression moyenne de 1 à 5 MPa, et une section de recirculation LP adaptée pour fonctionner
à une basse pression de 0,1 à 1 MPa, lesdites sections de recirculation adaptées pour décomposer du carbamate
d’ammonium et pour faire recirculer un condensat liquide comprenant du dioxyde de carbone et de l’ammoniac
n’ayant pas réagi, et des constituants liquides comprenant du carbamate d’ammonium, en retour dans le réacteur,
le procédé comprenant :

- l’addition d’un épurateur HP en aval du réacteur et en amont de la section de recirculation MP, ledit épurateur
étant adapté afin de diriger du liquide obtenu à partir de celui-ci vers l’une ou les deux des sections de recirculation
MP et LP ;
- l’addition d’un condenseur HP, sur quoi le condenseur HP et l’épurateur HP sont mutuellement disposés afin
de soumettre du gaz obtenu à partir de l’épurateur HP à une condensation dans ledit condenseur HP afin de
former un condensat liquide et des vapeurs résiduelles ;
- la disposition dudit condenseur HP en connexion avec une unité de compression positionnée en aval du
condenseur et en amont du réacteur

dans lequel ladite unité de compression est configurée pour augmenter la pression de condensat liquide, obtenu à
partir du condenseur, à la même pression sous laquelle le réacteur fonctionne, sur quoi ladite unité de compression
est configurée pour utiliser de l’énergie mécanique récupérée à partir de la décompression de liquide en aval de
l’épurateur et en amont de la section de récupération.

15. Procédé selon la revendication 13 ou 14, dans lequel l’installation modifiée est une installation selon l’une quelconque
des revendications 1 à 12.

16. Procédé pour la préparation d’urée dans une installation de production d’urée, ladite installation comprenant une
section de synthèse fonctionnant sous une pression élevée de 12 à 40 MPa et une section de récupération fonc-
tionnant sous une pression inférieure à 1 MPa, ladite section de synthèse comprenant, connectés afin d’être capable
de former une boucle de synthèse d’urée, un réacteur d’urée, un épurateur, un condenseur et éventuellement un
laveur de gaz, le procédé comprenant les étapes de :
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a) réaction d’ammoniac et CO2 dans des conditions de formation d’urée dans le réacteur d’urée pour obtenir
une solution de synthèse d’urée ;
b) épuration de la solution de synthèse d’urée dans l’épurateur pour former une solution d’urée épurée et des
vapeurs d’épurateur comprenant de l’ammoniac, CO2 et de l’eau ;
c) condensation des vapeurs d’épurateur obtenues dans b) dans le condenseur pour former une solution de
carbamate d’ammonium ;
d) remise en circulation de ladite solution de carbamate d’ammonium dans le réacteur ;
e) soumission de la solution d’urée épurée à une récupération d’ammoniac, et éventuellement CO2, dans la
section de récupération pour obtenir une solution de produit d’urée et des vapeurs de récupération comprenant
l’ammoniac et le CO2 éventuel ;
f) recyclage des vapeurs de récupération dans la section de synthèse d’urée ; le procédé comprenant de plus
le fonctionnement du réacteur d’urée sous une pression d’au moins 2 MPa supérieure à la pression de l’épurateur
et du condenseur, et l’augmentation de la pression de la solution de carbamate d’ammonium par remise en
circulation dans le réacteur, dans lequel l’énergie utilisée dans l’augmentation de ladite pression comprend de
l’énergie mécanique récupérée à partir d’une unité de décompression positionnée en aval de l’épurateur et en
amont de la section de récupération.

17. Procédé selon la revendication 16, dans lequel la synthèse d’urée est réalisée dans une installation selon l’une
quelconque des revendications 1 à 12.
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