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tor section and m the second reactor section a second synthesis solution 1s formed that 1s fed to the stripper, whereimn the second
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PROCESS FOR THE PRODUCTION OF UREA FROM AMMONIA
AND CARBON DIOXIDE

The invention Is directed to a process for the production of urea from
ammonia and carbon dioxide in a urea plant containing a synthesis section comprising
two reactor sections, a stripper and a condenser, and a recovery section, wherein in
the first reactor section a first synthesis solution is formed that is fed to the second
reactor section; fresh carbon dioxide is fed to the second reactor section and in the
second reactor section a second synthesis solution is formed that is fed to the stripper,
wherein the second synthesis solution is stripped with the use of carbon dioxide as
stripping gas and the mixed gas stream obtained in the stripper is sent to the
condenser together with fresh ammonia and a carbamate stream, whereafter the
condensate that is formed in the condenser is fed to the first reactor section and the
urea stream that is obtained in the stripper is further purified in a recovery setion.

An example of such a process for the production of urea is described in US-6680407.
In this patent a process for the production of urea is described in which the two reactor
section sections, the condenser and the scrubber are all combined in one vessel.
Because this vessel is used for urea synthesis which takes place at a high-pressure
the manufacture of the vessel is expensive and because of the different sections within
the vessel it is also very difficult to construct. Moreover a urea plant that contains this
vessel is very high.

The object of the invention Is to overcome these disadvantages.

The invention is characterized in that the flow of the first synthesis
solution from the first reactor section to the second reactor section, the flow of the
second synthesis solution from the second reactor section to the stripper, the flow of
the mixed gas stream from the stripper to the condenser and of the condensate from
the condenser to the first reactor section is a gravity flow.

This has the advantage that a low urea plant can be obtained with
two small reactor sections which are easy to place into the construction.

Another advantage is that the process now runs totally on gravity flow
for the main recycle of non-converted ammonia and carbon dioxide in the high-
pressure synthesis section of the urea production proces and the use of energy
consuming pumps, compressors or ejectors is superfluous.

In a prefered embodiment of the present invention, the stripper as

well as the second reaction section are located on ground level in the plant. In this way,
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two heavy pieces of equipment are located at a very low elevation in the plant, which

results in a considerable reduction of the required investment costs of the structure
that has to carry these heavy pieces of equipment. The low location of these pieces
of equipment further simplifies the operation and maintenance activities that are
required on these equipment items. Also, from a safety point of view, low elevation of
heavy pieces of equipment is prefered, since it minimizes the activities of human
beings at high level and optimizes safety during construction and operation of the

plant.

A further embodiment relates to process for the production of urea from
ammonia and carbon dioxide in a urea plant containing a high-pressure synthesis
section comprising two reactor sections, a stripper and a condenser, and a recovery
section, wherein in the first reactor section a first synthesis solution is formed that is
fed to the second reactor section; fresh carbon dioxide is fed to the second reactor
section and in the second reactor section a second synthesis solution is formed that
is fed to the stripper, wherein the second synthesis solution is stripped with the use of
carbon dioxide as stripping gas and the mixed gas stream obtained in the stripper is
sent to the condenser together with fresh ammonia and a carbamate stream,
whereafter the condensate that is formed in the condenser is fed to the first reactor
section and the urea stream that is obtained in the stripper is further purified in the
recovery section, wherein the flow of the first synthesis solution from the first reactor
section to the second reactor section, the flow of the second synthesis solution from
the second reactor section to the stripper, the flow of the mixed gas stream from the
stripper to the condenser and of the condensate from the condenser to the first

reactor section is a gravity flow.
Brief Description of the Drawings

Figure 1 is a schematic of an example of a process according to the invention, which

is referenced in Example 1.
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Figure 2 is a schematic of an example of a process according to the invention, which

Is referenced in Example Il
The above figures represent embodiments or examples of the invention only.

Detailed Description of Embodiments

A process for the production of urea contains a high-pressure synthesis
section and one or more recovery sections at lower pressure. The high-pressure
section comprises a reactor section in which the urea synthesis solution is prepared,
a stripper in which the urea synthesis solution is stripped and a condenser in which

the gases released In the stripping zone are condensed

The synthesis is carried out in two reactor sections. A reactor section is

herewith defined as a section wherein at least 20 wt% of the total amount of urea In

the synthesis section is formed.

The reactor sections are placed in serial order and can be two separate
vessels or two reactor sections placed in one vessel. A reactor section can also be
combined with a condenser section in one vessel. When the condenser Is a
submerged condenser and the residence time in the condenser section is long
enough, more than 20 wt% of the total amount of urea is formed in the condenser

and it thus functions as a reactor section.

Ammonia and carbon dioxide are fed to the reactor sections either
directly or indirectly. Ammonia and carbon dioxide can be introduced to the process

for the production of urea at various places in the high-pressure synthesis section or
in the recovery sections. Preferably, ammonia is fed to the condenser. Preferably,
carbon dioxide is mainly used as a counter-current gas stream during stripping of the

urea synthesis solution. A part of the carbon dioxide can be fed to the first or second

reactor section.
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In the stripper the urea synthesis solution is stripped counter-current
with carbon dioxide with the supply of heat. It is also possible to use thermal
stripping. Thermal stripping means that ammonium carbamate in the urea synthesis
solution I1s decomposed and the ammonia and carbon dioxide present are removed
from the urea solution exclusively by means of the supply of heat. Stripping may also
be effected in two or more steps. The gas stream containing ammonia and carbon

dioxide that is released from the stripper is sent to a high-pressure condenser. The

gas mixture
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obtained in the stripper is condensed under the removal of heat and absorbed in a
high-pressure carbamate condenser, following which the resulting ammonium
carbamate is transferred to the reactor section for the formation of urea.

The high-pressure condenser can for example be a falling-film
condenser or a so-called submerged condenser as described in NL-A-8400839. The
submerged condenser can be placed horizontally or vertically.

In the high-pressure synthesis section the pressure is substantially
equal to the urea synthesis pressure in the reactor sections, which is the pressure at
which urea formation takes place. The urea synthesis pressure is usually a pressure
between 11-40 MPa, preferably 12.5-19 MPa. The pressure in the rest of the high-
pressure section is substantially equal to the pressure in the reactor section.
Substantially equal means that the pressure in the rest of the high-pressure section is
less than 0.5 MPa higher or lower than in the reactor section.

The fact that the flow of the first synthesis solution from the first
reactor section to the second reactor section, the flow of the second synthesis solution
from the second reactor section to the stripper, the flow of the mixed gas stream from
the stripper to the condenser and of the condensate from the condenser to the first
reactor section is a gravity flow, means that for this flow no flow-stimulating means are
used, like, for instance, pumps, compressors and ejectors.

An oxidizing agent is added to the process for the production of urea
In order to protect the materials of construction against corrosion. An oxide skin Is
formed on the metal parts, which protects against corrosion. This process is known as
passivation. The passivating agent may be oxygen or an oxygen-releasing compound
as described in for example US-A-2.727.069. Oxygen can be added, for instance, in
the form of air or as a peroxide.

The corrosion sensitive parts in the high-pressure section in the
process for the production of urea can be made of a an austenitic-ferritic duplex steel
with a chromium content of between 26 and 35 wt.% and a nickel content of between 3
and 10 wt%. This type of steel is less corrosion sensitive. When this type of steel is
used for the construction of the reactor sections and the stripper it is possible to reduce
or omit the introduction of an oxidizing agent to the process for the production of urea.

Preferably, the chromium content of the austenitic-ferritic duplex steel
IS between 26-30 wt.%. In the high-pressure section preferably part of the reactor
section and the stripper are made of the austenitic-ferritic duplex steel.
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In the recovery section ammonia and carbon dioxide that were not
removed from the urea synthesis solution in the stripper are recovered from the urea-
comprising stream, produced in the high-pressure synthesis section, in order to be
recycled to the high-pressure section. In the recovery section the pressure is lower
than in the high-pressure synthesis section. In the process for the production of urea
according to the present invention at least one low-pressure recovery section is
present. When more than one recovery section is present at least one of the recovery
sections is operated at medium pressure and one at low pressure.

Medium pressure is a pressure between 1.0 and 8.0 MPa, preferably between 1.2 and
3.0 MPa. Low pressure is a pressure between 0.2 and 0.8 MPa, preferably between
0.3 and 0.5 MPa.

The synthesis gas that has not reacted in the second reactor section
can be removed from the second reactor section and can be sent to a scrubber,
wherein ammonia and carbon dioxide present in the gas flow are removed from the gas
flow by absorption in a low-pressure carbamate stream. This carbamate stream is
recycled from the low-pressure recovery section of the process for the production of
urea. The scrubber can be operated at high-pressure or at medium-pressure.
Preferably a medium-pressure scrubber is applied, because a medium-pressure
apparatus is cheaper to construct. The scrubbing process in the scrubber can be
stimulated by using a heat exchanger that extracts heat from the process. The
carbamate stream from the high-pressure scrubber can be returned to the reactor
section, optionally via the high-pressure carbamate condenser. The carbamate stream
from the medium-pressure scrubber can be returned directly to the first reactor section
or can be sent to the first reactor section via the high-pressure carbamate condenser.

The functions of the first and second reactor section, high-pressure
carbamate condenser and high-pressure scrubber can be combined in one or two high-
pressure vessels, the functionalities of these sections can be separated by baffles
designed for small pressure differences in high-pressure vessels.

It Is also possible to combine certain functionalities into a single
space, without application of separating baffles. An example of such a combination
being the combination of the first reactor section with the condenser in a submerged
condenser. Such a combination is especially advantageous, both from a cost as well as
from an operational point of view, If the heat exchanging function of the condenser is
realized in the form of a shell and tube heat exchanger of the U tube type, wherein the

high pressure fluid is located on the shell side.
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Combination of different sections in one vessel has as a special
advantage that substantial savings can be realized in terms of investments, because
the amount of high-pressure piping to be installed is much lower. In addition, this
iIncreases the reliablility of the facility since the number of leakage-sensitive high-
pressure connections formed between piping and equipment is greatly reduced. A well-
known example is the combination of reactor sections already referred to, as described
in US-A-5767313, US-A-5936122 and WO 00/43358. A preferred embodiment is the
combination of the pool condenser with a horizontal reactor section as described in US-
A-5767313, In which a so-called pool reactor section is represented.

The invention will hereafter be explained in more detail in the

examples without being limited thereto.

Example |

An example of a process according to the invention is given in
figure 1. The high-pressure part of the process for the production of urea according to
figure 1 comprised a second reactor section (R), a CO, stripper (S) and a submerged
condenser/first reactor section (C) that was placed horizontally. Further the process
comprised a medium-pressure absorber (MA) and a low-pressure recovery section
where the urea stream (U) was further purified.

A small amount of carbon dioxide was fed to the second reactor
section (R). In the second reactor section a first urea synthesis solution (CS) was
reacted with the carbon dioxide to form a second urea synthesis solution (USS) which
was sent to stripper (S) and stripped by the addition of heat and with carbon dioxide as
a stripping gas. During stripping a mixed gas stream (SG) was obtained that was,
together with reaction gases (RG) coming from the top of the second reactor section
(R) fed, via a sparger, to the condenser/first reactor section. To the first reactor section
also a carbamate stream (MC) coming from the medium-pressure absorber (MA) was
fed together with ammonia. This stream was also fed to the condenser/first reactor
section with a sparger. The first urea synthesis solution formed was sent to the second
reactor section and the gases that had not been condensed (CG) were sent to the
medium-pressure absorber (MA). In the medium-pressure absorber the gases were
absorbed in a low-pressure carbamate stream (LC) and condensed. The gases that
had not been absorbed (MG) were sent to the low-pressure recovery section.

The flow from the USS, SG, and CS was a complete gravity flow. No pumps or ejectors
were used to move the fluid or gases.
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Of the total amount of urea formed; 65 wt% was formed in the

condenser and 35 wt% was formed in the second reactor section.

Example I

An example of a process according to the invention is given in
figure 2. The high-pressure part of the process for the production of urea according to
figure 2 comprised a first and second reactor section (R1 and R2), a CO, stripper (S), a
falling-film condenser (C) and a high-pressure absorber (HA) and a low-pressure
recovery section where the urea stream (U) was further purified.

A small amount of carbon dioxide was fed to the second reactor
section (R2). In the second reactor section a first urea synthesis solution (RS) coming
from the first reactor section (R1) was reacted with the carbon dioxide to form a second
urea synthesis solution (USS) which was sent to stripper (S) and stripped by the
addition of heat and with carbon dioxide as a stripping gas. During stripping a mixed
gas stream (SG) was obtained that was fed to the top of the falling-film condenser (C).
To the condenser also a carbamate stream (HC) coming from the high-pressure
absorber (HA) was fed and also fresh ammonia.

The carbamate solution (CS) formed was sent to the first reactor section (R1) together
with the gases that had not been condensed. Reaction gases (RG) coming from the top
of the first and second reactor were sent to the high-pressure absorber (HA). In the
high-pressure absorber the gases were absorbed in a low-pressure carbamate stream
(LC) and condensed. The gases that had not been absorbed (HG) were sent to the
low-pressure recovery section.

The flow from the USS, SG, CS and RS was a complete gravity flow.
No pumps or ejectors were used to move the fluid or gases.

Of the total amount of urea formed; 70 wt% was formed in the first reactor section and

30 wt% was formed In the second reactor section.
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CLAIMS:
1. Process for the production of urea from ammonia and carbon dioxide in

a urea plant containing a high-pressure synthesis section comprising two reactor
sections, a stripper and a condenser, and a recovery section, wherein in the first
reactor section a first synthesis solution is formed that is fed to the second reactor
section; fresh carbon dioxide is fed to the second reactor section and in the second
reactor section a second synthesis solution is formed that is fed to the stripper,
wherein the second synthesis solution is stripped with the use of carbon dioxide as
stripping gas and the mixed gas stream obtained in the stripper is sent to the
condenser together with fresh ammonia and a carbamate stream, whereafter the
condensate that is formed in the condenser is fed to the first reactor section and the
urea stream that is obtained in the stripper is further purified in the recovery section,
wherein the flow of the first synthesis solution from the first reactor section to the
second reactor section, the flow of the second synthesis solution from the second
reactor section to the stripper, the flow of the mixed gas stream from the stripper to

the condenser and of the condensate from the condenser to the first reactor section

IS a gravity flow.

2. Process according to claim 1, where both the stripper, as well as the

second reaction section are located at ground level.

3. Process according to claim 1 or 2, wherein a gas flow is released from
the top of the second reactor section and is sent to a medium-pressure 1.0-8.0 MPa
scrubber, wherein ammonia and carbon dioxide present in the gas flow are removed

from the gas flow by absorption in a low-pressure 0.2-0.8 MPa carbamate stream.

4. Process according to claim 1, wherein the gas flow is released from the
top of the second reactor section and is sent to a high-pressure 11-40 MPa scrubber,
wherein ammonia and carbon dioxide present in the gas flow are removed from the

gas flow by absorption in a low-pressure 0.2-0.8 MPa carbamate stream.
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5. Process according to claim 1, wherein a gas flow is released from the
top of the first reactor section and the top of the second reactor section and the
combined gas flow of both reactor sections is sent to a medium-pressure 1.0-8.0 MPa
scrubber or a high-pressure 11-40 MPa scrubber, wherein ammonia and carbon
dioxide present in the combined gas flow are removed from the gas flow by

absorption in a low-pressure 0.2-0.8 MPa carbamate stream.

6. Process according to claim 1, wherein the first reactor section and the

second reactor section are combined In one vessel.

7. Process according to claim 1, wherein the first reactor section and the

condenser are combined in one vessel.

8. Process according to claim 7, wherein the vessel is placed horizontally.

9. Process according to claim 1, wherein the condenser is a submerged

condenser that is placed horizontally.

10. Process according to claim 9, wherein the submerged condenser is of

the shell and tube type and that the high pressure fluids are on the shell side.

11. Process according to claim 10 wherein the shell and tube type heat

exchanger is of the U-tube type.

12. Process according to any one of claims 1 to 11, wherein at least part of
the reactor or stripping sections is made of an austenitic-ferritic duplex steel with a

chromium content of between 26 and 35 wt.% and a nickel content of between 3
and 10 wt%.
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