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A METHOD OF FORMING UREA BY INTEGRATION OF AN AMMONIA
PRODUCTION PROCESS IN A UREA PRODUCTION PROCESS AND
A SYSTEM THEREFOR

FIELD OF THE INVENTION

[0001] The present invention relates to a method of forming urea by integration of an
ammonia production process in a urea production process, and to a system for said method. It
also relates to a method of forming urea by integration of a part of an ammonia production

process 1n a urea production process, and to a system for said method.

BACKGROUND OF THE INVENTION

[0002] In several combustion processes, and in well-known ammonia production
processes, a flue gas containing, inter alia, carbon dioxide 1s formed. This carbon dioxide
component 1s often separated out or captured from the flue gas in one or more absorber
systems using a solvent absorber. Typically, the spent carbon dioxide solvent absorber 1s then
regenerated 1n one or more regeneration columns. In carbon dioxide capture systems of this
kind, there 1s a need to reduce system energy consumption and capital expenditure (“capex’™)
requirements. For such solvent-based carbon dioxide capture systems, much of the energy
consumption and capex are due to the need for solvent absorber regeneration, 1.e., carbon
dioxide desorption, in regeneration columns. Regeneration columns have high energy
consumption demands due to considerable heat requirements from a reboiler or other source
for carbon dioxide desorption. Solvents typically used in solvent-based carbon dioxide
capture systems include amines and ammonia. For example, in an ammonia production
process a solvent-based carbon dioxide capture system known as the Chilled Ammonium
Process (CAP) 1s normally used. In CAP, ammonia 1s used as the solvent. Other processes
including a solvent-based carbon dioxide capture system use different kinds of amines or
mixtures thereof.

[0003] WO 2006/022885 discloses ultra cleaning of combustion gas including re-
moval of carbon dioxide in an absorbing subsystem with one or more carbon dioxide
absorbing stages and a subsequent regeneration subsystem.

[0004] The process for urea production 1s well-known and extensively disclosed in the
literature. Different variants of the urea production process exist, but a common feature 1s that

ammonia and carbon dioxide are used as reactants under elevated pressure 1n a urea synthesis
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tower or reactor for the production of urea. According thereto, the following two equilibrium

reactions take place:

",2NH'3 +COz - _' NH,COONH;4 (ammonium carbaméte)

NH,COONH; 2 NH2CONH; (urea) + H.O

[0005] After the urea synthesis reaction, urea, carbamate, water and excess ammonia

are transported to a distillation reactor from which a solution or sturry of, inter alia,
“carbamate in.equlibrum with ammonia, carbon dioxide and water is recycled back to.the urea

“synthesis reactor for further reaction.

[0006] WO 2008/135150 discloses a method for purifying flue gases from incinera-
tors and then producing urea. In this method, ammonia and flue gas containing carbon
dioxide 1s addéd to a washing device in which carbon dioxide is absorbed. A solution

containing (NH4)2CO3 and (NH4)2S04 is einitte_d from the washing unit and transported to a

_ stripper in which (NH4),SO, is separated and (NH4),CO; is subjected to an energy-

consuming decomposition to carbon dioxide and ammonia, This carbon dioxide and ammonia
is then used in a urea production process.

[0007] GB 1 359 715 discloses an integrated process for the productioh of a@onia

~and urea inchiding process steps comprising the absorption of carbon dioxide from a

concentrated ammoma solution with a view to yielding a concentrated amrnomum carbamate
solution to be fed to a urea reactor wherein the carbon dioxide source is a raw synthesis gas

contammg carbon d1omde and hydrogen.

[0008] Methods to reduce energy consumption and capex of solvent-based carbon

dioxide capture systems have been developed, but the need for further cost reductions remain.
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SUMMARY OF THE INVENTION

-~ [0008a] According to a first aspect of the present invention, there is provided a
method of forming': urea by integration of an ammonia production process in a urea production
- process comprising: obtaining ammonia and carbon dioxide and a flue gas for a first ammonia
5 stream, a carbon dioxide stream, and a ﬂue gas stream containing carbon dioxide, separating
the first ammonia stream into a second ammonia stream and a third ammonia stream, wherein
the second ammonia stream 1s transported to an absorber and the third ammonia stream is
transported to a urea synthesis section of a urea production process for the production of urea;
transporting the carbon dioxide stream to the urea synthesis section: transporting the flue gas
10 - stream to the absorber; combining the second ammonia stream and a lean solvent stream
provided from the urea production process to form a mixed stream; contacting the mixed
stream with the flue gas stream 1n the absorber to absorb carbon dioxide from the ﬂoe gas
stream to form a rich solvent stream and a treated gas stream; tranSporting the rich solvent
stream emitted from the absorber to the urea synthesis section; contacting the carbon dioxide
15  stream, the third ammonia stream and the rich solvent stream in the urea synthesis sectlon to
- form urea and the lean solvent stream, and transporting the lean solvent stream from the urea

production process to the absorber.

[0008b] According to a second aspect of the present invention, there is
provided'a method of forming urea by integration of a part of an ammonia production process
20 ma urea prdduction process, comprising: obtaining a hydrogen/carbon dioxide stream from an
arrrmonia production process, and a flue gas stream containing carbon dioxide and nitrogen,
. transporting the flue gas stream to a low pressure absorber contacting the flue gas stream with
a lean solvent stream in the low pressure absorber to produce a semi-rich solvent stream and a
cleaned gas stream contalmng nitrogen; transporting the hydrogen/carbon dioxide Stream to a
25 high pressure absorber; transporting the semi-rich solvent stream from the low pressu;re
absorber to the hrgh pressure absorber; contacting the hydrogen/carbon dioxide stream with
the semi-rich solvent stream in the high pressure absorber to form a rich solvent stream and a
hydrogen stream; transporting the rich solvent stream from the high pressure absorber to the

urea production process to form urea and a lean solvent stream comprising a solution of
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carbamate, ammonia, carbon dioxide and water, transporting the lean solvent stream to the

low pressure absorber, and transporting a stream from an ammonia production unit to the urea

production process.

[OOOSC] According to another aspect of the present invention, there is provided
a system for carrying out the method according to the first aspect, _'of forming urea by
integration of an ammonia production process with that of a urea production process, wherein

said system comprises an ammonia production plant, an absorber, and a urea synthesis section

- in a urea production plant, wherein a conduit for a first ammonia stream from the ammonia

production plant is separated into a conduit for a second ammonia stream fluidly connected to
the absorber or to a conduit for a lean solvent stream thus forming a mixed stream, and into a
conduit for a third ammonia stream fluidly connected to the urea synthesis section, wherein a -
conduit for a flue gas stream containing carbon dioxide is fluidly connected between the

ammonia production plant, or another flue gas source, and the absorber, wherein a conduit for

- a carbon dioxide stream is fluidly connected between the ammonia production plant and the

urea synthesis section, wherein a conduit for a rich solvent stream is fluidly connected
between the absorber and the urea synthesis section, and wherein the conduit for a lean

solvent stream 18 'afranged between the urea production plant and the absorber.

[0008d] According to another aspect of the present invention, there is provided
a system for carrying out the method according to the second aspect, of forming urea by
integration of a part of an ammonia production process with that of a urea production process,
the system comprising a steam reformer or 2 gasification reactor of an ammenia production
plant, a Iow pressure absorber, a high pressure .absorber, and a urea production plant, wherein
a conduit for a flue gas stream 1s connected between the steam reformer, the gasification -
reactor, or another flue gas source, and the low pressure absorber, wherein a COnduit for a

hydrogen/carbon dioxide stream is arranged between the steam reformer or the gasification

reactor and the high pressure absorber, wherein a conduit for a semi rich solvent stream is

fluidly connected between the low pressure absorber and the high pressure absorber, wherein

a conduit for a rich solvent stream is fluidly connected between the high pressure absorber and

2b
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the urea production plant, and wherein a conduit for a lean solvent stream is arranged between

the urea production plant and the low pressure absorber.

[0009] Some embodiments may provide a solvent-based carbon dioxide
capture system and method with reduced energy consumption demands and capital cost

requirements. Some embodiments provide a system and method of forming urea by

Integration of an ammonia production process in a urea production process. As a result of this

integration, ammonia and carbon dioxide obtained from synthetic gas (“syngas™) is formed

during steam reforming or gasification in connection with the ammonia production process in

2C
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an ammonia production plant. Accordingly, a first ammonia stream, a carbon dioxide stream,
and a flue gas stream containing carbon dioxide are formed.The first ammonia stream 1s
separated 1nto a second ammonia stream for transport to an absorber, and a third ammonia
stream for transport to a urea synthesis section, which may be a part of a urea synthesis
reactor 1n a urea production plant. The carbon dioxide stream 1s also transported to the urea
synthesis section, and the flue gas stream 1s transported to the absorber for carbon dioxide
absorption into a mixed stream comprising the second ammonia stream and a lean solvent
stream containing ammonia and a relatively low content of carbon dioxide. Following carbon
dioxide absorption by the mixed stream, a rich solvent stream containing ammonia and a
relatively high content of carbon dioxide 1s emitted from the absorber and transported to the
urea synthesis section. In the urea synthesis section, carbon dioxide and ammonia are reacted
for the production of urea. This production of urea produces a relatively lean solvent stream
containing ammonia and a relatively low concentration of carbon dioxide for recycling from
the urea production plant to the absorber.

[0010] An advantage of this method 1s that carbon dioxide desorption 1s unnecessarys,
since the carbon dioxide 1n the solvent stream 1s bound to ammonia, 1.e., two reactants
necessary for the urea production process. Thereby, by using the carbon dioxide bound
ammonia in a urea production process rather than by using the carbon dioxide bound
ammonia following desorption, system energy demands and capital expenses are
substantially reduced.

[0011] According to one embodiment, flue gas 1s obtained from combustion in an
ammonia production plant.

[0012] According to one embodiment of the method, combustion 1n an ammonia
production plant 1s performed 1n a steam reformer.

[0013] According to one embodiment, a flue gas stream 1s cooled to a temperature of

0-25°C, preferably to a temperature of 10-20°C, before transport to an absorber.

[0014] According to one embodiment, the absorber 1s a CAP (Chilled Ammonia
Process) absorber.

[0015] According to one embodiment, a clean gas stream 1s emitted from an absorber.

[0016] According to one embodiment, the concentration of ammonia 1in a mixed
stream and 1n a rich solvent stream 1s 2-12 moles per liter solution, preterably 6-10 moles per
liter solution, wherein the concentration of carbon dioxide 1n a lean solvent stream 1s 0.2-4.0

moles per liter solution, preferably 1.5-4 moles per liter solution, and wherein the

3
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concentration of carbon dioxide in the rich solvent stream 1s 1.0- 10.0 moles per liter solut1on

~preferably 3- 6 0 moles per liter solution.
~ [0017] According to one embodiment, the ratio of the concentration of ammonia to -
the concentratlon of carbon dioxide 1n the lean solvent stream and the rich s solvent stream, 1S

1: 1 to 3:1, preferably 3:2 to 5:2.

10018] Some embodlments may provide an

——— S

alternative method of forming urea, i.e., by integration of a part of an ammonia production
- process with that of a urea production process. Accordingly, in connection with an ammonia
production process, a flue gas containing carbon dioxide and nitrogen from combustion is

transported to a low pressure absorber and a hydrogen/carbon dioxide gas mixture from
reforming steam is transported to a high pressure absorber. The hrgh pressure absorber
cOntains_a solvent stream semi-rich with absorbed carbon dioxide. After contact with the
‘hydro gen/carbon dioxide gas mixture, a solvent stream with ammonia and a r1ch or high
- content of carbon dioxide is emitted from the high pressure absorber and transported to a urea
. production plant.«At the urea production plant, the transported carbon dioxide and ammonia
are reacted for the production of urea. A recycle stream containing carbamate in a solution or

~ . slurry containing ammonia, carbon dioxide, and water is transported from the urea productron '

process toa low pressure absorber. erewrse a stream of a balance of ammonra 18
transported from the ammonia production unit to the low pressure absorber Of the urea pro-
duction plant. This alternative method is described in detail below. .
[0019] According to one embodiment of the above described alternative method, a
- syngas stream contammg hydrogen and carbon monooxide formed during the steam’

reformrng reaction of the ammonia production process is transported to a carbon monooxide

shift unit in which the carbon monooxide is converted into carbon dioxide to form the
hydrogen/carbon dioxide stream. | ' -

| [0020] According to one embodiment, a nitrogen containing stream is emitted from
the urea production process low pressure absorber, and a hydrogen stream is emitted from

the urea production process high pressure absorber. Both the nitrogen containing stream and

thehydro gen stream are transported to the ammonia production unit and reacted for the .
production of ammonia.

[0021] According to one embodiment, an ammonia stream, optionallyforiginating '
from the ammonla productron unit, is added to the recycle stream used to generate a lean

solvent stream contaimng ammonia and a relatively low content of carbon dioxide.

4
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[0022] Accordin g to one embodlment a slip stream diverted from the relatrvely I‘lCh

~solvent stream is transported to the low pres sure absorber.’ _
[0023] According to one embodiment, a partial stream of the relatively lean solvent

stream 1s added to the hrgh pressure absorber or to the semi rich solvent stream

[0,024]Accord1ng to one embod1ment, a partial stream of the semi rich .solvent stream

1s transported to the urea production plant.

[0025] According to one embodiment, the pressure in the low pressure ‘absorber 18

0.08-0.15 MPa, preferably 0.095-0.11 MPa, and the pressure in the high pressure absorber is

-0.3-4.0 MPa, preferably 0.095-0.11 MPa.

[0026] According to one embodrment, the concentration of ammonia in the relatively

‘lean solvent stream, in the semi rich solvent stream and in the relatively rich solvent stream is

2- 12, preferably 6-9, moles per liter solution. |

[0027'] According to one embodiment, the concentration of carbon tlioxide in the
relatively lean solvent stream is 0.2-4.0, preferably 1'.5-4.0 moles pcr liter solution, the
concentration of carbon dioxide in the semi rich solvent stream is 1.0-5.5, preferably 2.5-4.5,

rnoles per liter of solution, and the concentration of carbon dioxide in the relatively rich

‘solvent stream.1s 1.0-10.0,preferably 3.0-6.0, moles per liter solution.

[0028] According to one embodiment, the ratio between the concentration of

ammonia and the concentration of carbon dioxide in the lean, semi rich, and rich solvent

| streams, respectively, is 1:3, preferably 1.5:2.5.

10029] Some embodiments may prowde systems in wh1ch the 1ntegrated method and

“the alternative 1ntegrated. method are performed.

[003 0] Some embodiments may provided a system for the integrated method of

| forrmng urea by integration of an ammonia production process with that of a urea production

process, wherein said system comprises an ammeonia productlon plant, an -absorber and a

“urea synthesis section in a urea production plant. Said system includes a condu1t for a f1rst

~ ammonia stream from the ammonia product1on plant separated into a conduit for a second

ammonia stream fluidly-connected to the absorber, or to a conduit for a lean solvent stream

thus forming a mixed stream, and into a conduit for a third ammonia stream ﬂurdly connected
to the urea synthes1s sectlon Likewise, a condu1t for a flue gas stream contarmng carbon -
dioxide is fluidly connected between the ammonia production plant, or another flue gas

source, and the absorber. A conduit for a carbon dioxide stream is fluidly connected between

~ the ammonia production plant and the urea synthesis section. A conduit for a rich solvent

5
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stream is fluidly connected between the absorber and -thc urea synthesis section, and a
conduit for a lean solvent stream is arranged between the urea production plant and the
absorber. ' .

[0031] According to one embodiment, this system comprises a conduit for a clean gas
stream ﬂ"uidly connected to the absorber. | o .
[0032] Some embodiments 'may ptcvide an altemati\?e integrated method With a
system for forming urea by integration of a part of an ammonia production process with that

of aurea peruction process. Such a system. comprises a steam reformer or a gasification
reactor of an ammonia production plant, a low pressure absorber, a high pres su‘r_e absorber,
and aurea prodﬁction plant, wherein a conduit for a flue gas stream is fluidly connected
‘between the stearmn reformer, or the gasification reactor, and the low pressure absorber. A
conduit for a hydrogen/carcon dioxide stream is arranged between the steam reformer the
gas1ﬁcat1on reactor, or another flue gas source, and the hlgh pressure absorber. A conduit for
a semi rich solvent stream 18 ﬂuldly connected between the low pressure absorber and the
“high pressure absorber. A conduit for a rich solvent stream is fluidly connected between the
high pressure absorber and the urea production plant, and a conduit for a lean _s"olv'ent strearn

18 ﬂuidly connected between the urea production plant and the low pressure absorber.

[0033] According to one embodiment of the alternative mtegratedfmethod, the system

compri.s‘es an ammonia projduction unit, a conduit for a hydrogen stream fluidly connected

between the high pressure absorber and the ammonia production unit, and a cohduit for a
nitrogen containing stream fluidly connected between the low pressureabsorber and the

ammcnia production unit. The System also comprises a conduit for a stream of the balance of

ammonia fluidly connected between the ammonia production unit and the urea prodﬁction

~plant.

_(0034] According to one embodiment, the system comprises a carbon mohcoﬁide shift

unit for the conversion of carbon monooxide into carbon dioxide, wherein a conduit for a

syngas stream containing hydrogen and carbon monooxide is fluidly connected between the
- steam refofm’er., or the gasification reactor, and the carbon monooxide shift unit. Likewise,
the conduit for the hydro gen/carbo'n dioxide stream is fluidly connected between‘ the carbon

monooxide shift unit and the high pressure absorber.

[0035] According to one embodiment, the system comprises a conduit for a partiel

stream of the semi rich solvent stream fluidly connected between the conduit for the semi rich

solvent stream and the conduit for the rich solvent stream.
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[0036] According to one embodiment, the system comprises a conduit for a recycle
stream containing carbamate in a solution or 1n a slurry also containing ammonia, carbon
dioxide and water, fluidly connected between the urea production plant and the conduit for
the lean solvent stream. Likewise, a conduit for an ammonia stream 1s fluidly connected to
the conduit for the recycle stream.

[0037] According to one embodiment, the system comprises a conduit for a partial
stream of the lean solvent stream fluidly connected between the conduit for the lean solvent

stream and the conduit for the semi rich solvent stream or the high pressure absorber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Referring now to the figures, which are exemplary embodiments, and wherein
the like elements are numbered alike:

[0039] Fig. 1 1s a schematic view of a system used for the method of forming urea by
integration of an ammonia production process with a urea production process.

[0040] Fig. 2 1s a schematic view of a system for the alternative integrated method of
forming urea by integration of a part of an ammonia production process with a urea
production process.

[0041] Fig. 3 1s a schematic view of a system based on the system shown in Fig. 2, but
also comprises a regenerator located between the high pressure absorber and the urea

production plant.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0042] Carbon dioxide used as a reactant for a urea production process according to
the present integrated method may originate from any combustion plant or apparatus, €.g., a
conventional retformer. In one embodiment, the carbon dioxide originates from a steam
reformer combustion apparatus part of an ammonia production process.

[0043] Syngas, also called synthetic gas or synthesis gas, 1s produced when hydro-
carbons react with water 1n a reactor apparatus, €.g., a steam reformer. Syngas 1s a gas
mixture containing varying amounts of carbon monooxide and hydrogen. A steam reformer
used to produce syngas 1s a tubular reactor fired from the outside to providing sufficient
reaction energy for a reforming reaction. For this purpose, a fuel 1s subjected to combustion
in the fire box on the outer side of the steam reformer tubes. Inside the tubes of a steam re-

former,the steam reforming reaction takes place in the presence of a catalyst to
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producesyngas. Carbon monooxide in the syngas 1s subjected to a carbon monooxide shift
reaction with water to produce carbon dioxide. After such production, the carbon dioxide 1s
then separated from the hydrogen. The separated hydrogen 1s then reacted with nitrogen in
the air to produce ammonia. In addition to the use of hydrogen as a reactant for ammonia pro-
duction and the use of carbon dioxide produced from the carbon monooxide shift reaction,
useful flue gases are also formed from the combustion of the fuel for the steam reformer.
These tlue gases contain nitrogen, carbon dioxide and other contaminants, e.g., NOX.
Normally, the carbon dioxide present in the flue gas in an ammonia production process can
be absorbed in a CAP (Chilled Ammonia Process) absorber operating at atmospheric pressure
and a low temperature. Before entering the CAP absorber, the flue gas 1s cooled to enhance
absorption of the carbon dioxide by a carbon dioxide-lean ammoniated solution present in

the absorber. After the carbon dioxide absorption step, the once carbon dioxide-lean
ammoniated solution 1s a carbon dioxide rich solution that requires regeneration in a sub-
sequent regeneration step. This process 1s disclosed more in detail in WO 2006/022883.

[0044] Another method for syngas production 1s gasification of a carbon or
hydrocarbon with oxygen 1n a gasification reactor. Here, the reaction energy is provided
within the gasification reactor itselt. Syngas so produced can be treated as described above to
separate the hydrogen from the carbon dioxide. However, in accordance with the present
process there 1s a need for another flue gas source to produce additional carbon dioxide.
Under such circumstances, the same integration scheme as applied for steam reformers can be
similarly applied hereto.

[0045] Thus, syngas used 1n the present method 1s either formed 1n a steam
reformation reaction or in a gasification reaction. In the steam reformation reaction, flue gas
1s produced by combustion during steam reforming. In the gasification reaction, the flue gas
may originate from any source. The language “ammonia production process” and “ammonia
production plant” used herein 1s intended to cover both of these reactions.

[0046] The integrated method and system will now be disclosed more 1n detail with
reference to Fig. 1, which 1llustrates the embodiment when both the syngas and the flue gas
are formed during steam reformation. According to Fig. 1, an ammonia production plant 1
comprising a steam reformer 1a (not shown) for combustion 1s provided with a feedstock 2,
e.g., natural gas, oil or hydrocarbons, and steam 3. The steam reformer 1a 1s fired with a fuel
4, e.g., natural gas. During the reaction between hydrocarbons and steam 1n the steam

reformer la, syngas 1s produced. A flue gas 1s also produced from firing of the steam
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reformer la. A flue gas stream 5 containing carbon dioxide and other contaminants 1s
transported, optionally via one or more conventional purification steps, to a CAP absorber 10,
in which carbon dioxide 1s absorbed. Further, a first ammonia stream 6 containing ammonia
from the reaction between hydrogen in the syngas and nitrogen from the air in the ammonia
production plant 1 1s separated into a second ammonia stream 9 and a third ammonia stream
3. Ammonia stream 9 1s added to a lean solvent stream 24 before reaching CAP absorber 10.
The lean solvent stream 24 of recycled carbamate in a solution or slurry, also containing
water, ammonia, and a low content of carbon dioxide, from a urea production process 1s
added to the CAP absorber 10 as a mixed stream 11. Mixed stream 11 1s a mixture of the
second ammonia stream 9 and the lean solvent stream 24. In the CAP absorber 10, carbon di-
oxide 1n the flue gas stream 5 1s absorbed 1n the solution of the mixed stream 11 to produce a
clean gas stream 12. Clean gas stream 12 of treated flue gas having a low carbon dioxide
content 1s emitted from the CAP absorber 10. A rich solvent stream 13 containing ammonia,
water, and a high content of carbon dioxide 1s emitted from CAP absorber 10 and transported
under a high pressure, suitable for any urea synthesis reaction, to a urea synthesis section 135
in a urea production plant 15a (not shown). In the urea syntheis section 15, carbon dioxide
and ammonia are reacted to produce urea. A mixture of urea produced, carbamate, excess
ammonia and water 1s then transported 1n a stream 17 to a stripper section 19 from which
urea 18 separated 1n several steps 1n a urea stream 16. Ammonia and carbon dioxide from
stripper section 19 are emitted 1n a stream 20 in the form of a carbamate solution containing
ammonia, carbon dioxide and water. Stream 20 or a part of stream 20 1s then transported as
such 1n a stream 21, and as such 1n lean solvent stream 24, to the absorber 10. The balance 1n
stripper section 19 1s recyled back as a stream 18 to the urea synthesis section 15 or to any
other suitable place in urea production. Optionally, the stream 20 1s subjected to waste water
treatment 1n a waste water treatment unit 22, wherein water 1s separated from stream 20 to
produce a water stream 23. Instead of recycling the stream 20 back to the urea synthesis
section 13, as in a conventional urea production process, all or a part of stream 20 1s
transported to the absorber 10 for use 1in the ammonia production process in the form of the
lean solvent stream 24. The third ammonia stream 8 originating from first ammonia stream 6
1s transported directly to the urea synthesis section 15 in the urea production plant 15a.
[0047] Further, a carbon dioxide stream 7 containing carbon dioxide originating and
separated from the syngas produced in the ammonia production plant 1s transported directly

to the urea synthesis section 13. The production of syngas may be designed for obtaining a
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sufficient amount of carbon dioxide for urea production, which will lead to some excess of
ammonia. An additional carbon dioxide source would be any flue gas. If the carbon dioxide 1s
taken from the flue gas, either the syngas production can be reduced (adjusted according to
the desired level of ammonia production), or alternatively, any excess ammonia can be used
in the urea production process to increase urea production. Such 1s accomplished by feeding
additional carbon dioxide from the flue gas source as noted previously. Further, the lean sol-
vent stream 24 of the recycled carbamate may be taken from any suitable place in the urea
production plant 15a. It should be noted that each of the various streams described herein are
transported 1n fluidly connected conduits, suitable for such purpose.

[0048] As disclosed above, first ammonia stream 6 and carbon dioxide stream 7 could
alternatively be obtained from a syngas produced in a gasification reactor (not shown in Fig.
1) . Likewise, flue gas stream 5 containing carbon dioxide could be provided from any other
source (not shown 1n Fig. 1, such as a boiler, e.g. a power boiler or any boiler supplying heat
to a urea production plant).

[0049] Any other carbon dioxide capture technologies not using an ammoniated
solvent cannot be integrated into the urea process as described herein, since the carbon
dioxide absorbent solvent would comprise a chemical foreign to the urea production process,
which would disturb urea production or even make it impossible. Further, the flue gas stream
5 may be subjected to any conventional cleaning or separation processes not shown in Fig. 1
before it 1s transported to the CAP absorber 10. The carbon dioxide source for the urea
production process may also originate from, e.g., any fossil fuel fired boiler or process heater
in the urea production plant 15a or elsewhere.

[0050] Thus, the need for a carbon dioxide desorption/solvent regeneration process as
used 1n the conventional carbon dioxide capture process 1s eliminated in the present
integrated method, thereby reducing energy and equipment costs.

[0051] The language ““lean solvent™ and “‘rich solvent” as used herein means a
concentration of ammonia in the lean solvent stream 24 and in the rich solvent stream 13 of
2-12, preferably 6-10, moles per liter solution, a concentration of carbon dioxide in the lean
solvent stream 24 of 0.2-4.0, preferably 1.5-4, moles per liter solution and a concentration of
carbon dioxide in the rich solvent stream 13 of 1.0-10.0, preferably 3.0-6.0, moles per liter
solution. The ratio of the concentration of ammonia to the concentration of carbon dioxide in
the rich solvent stream 13 1s 1:1 to 3:1, preferably 3:2 to 3:2, in order to satisfy the

stochiometrics of the urea reaction. If turther ammonia 1s added via the second ammonia
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stream 9, the above-mentioned ammonia concentrations 1n the mixed stream 11 and the rich
solvent stream 13 will be changed.

[0052] In the embodiment of the alternative integrated method and system 1illustrated
in Fig. 2, carbon dioxide produced in the ammonia production process 1s not per se integrated
with the urea production process. Instead, a rich solvent stream from the absorption of the gas
mixture of hydrogen and carbon dioxide (formed via a carbon monooxide shift reaction),
originating from syngas produced 1n a steam reformer 14 or a gasification reactor during the
ammonia production process, 1s used for the integration.

[0053] More precisely, hydrogen is typically produced during syngas production by
steam reforming or gasification. Typically, physical absorption or adsorption processes are
applied to separate the carbon dioxide from the hydrogen in the gas mixture of hydrogen and
carbon dioxide. This occurs at elevated pressures, often much higher than those used during
carbon dioxide absorption from flue gas in a high pressure absorber. After separation of
carbon dioxide, the hydrogen i1s reacted with nitrogen in the air to form ammonia.

[0054] In the present alternative integrated method, both the flue gas stream and the
stream of the gas mixture of hydrogen and carbon dioxide, originating from the syngas
stream, are subjected to carbon dioxide absorption. If the chilled ammonia process (CAP) 1s
applied to absorb carbon dioxide from the stream of the gas mixture of carbon dioxide and
hydrogen, it 1s also possible to use the lean solvent stream containing carbamate from the
urea process, 1f necessary enriched with additional ammonia. Then a low pressure absorber
for the flue gas and a high pressure absorber for the gas mixture of carbon dioxide and
hydrogen are needed. Said lean solvent may be used either 1n parallel to the low pressure
absorber for flue gas or 1n sequence, using a semi rich solvent for the absorption of carbon
dioxide 1n the high pressure absorber. Both the semi rich solvent and the rich solvent formed
atter high pressure absorption 1s fed back to the urea production plant 15a, preterably direct
to the urea synthesis section 135 therein.

[0055] The advantages of this alternative integrated method are as follows. First, a
combination of the two absorption processes (of carbon dioxide from flue gas and from
syngas, respectively) using the same kind of solvent and same kind of principle (wet
absorption) 1s obtained. Second, any need for desorption of carbon dioxide from the rich
solvent 1s eliminated, since this rich solvent 1s used for the urea reaction. The rich solvent

already contains ammonia and carbon dioxide as reactants for the urea process significantly

11



CA 02861431 2014-07-16

WO 2013/108191 PCT/IB2013/050399

reducing associated energy and equipment costs. Third, no “foreign” chemical 1s added, such
as an amine, as used 1n some carbon capture processes.

[0056] Further, potentially the carbon dioxide lean and nitrogen rich flue gas stream
following absorption can be used as feedstock for ammonia synthesis to replace at least a part
of the air used for ammonia synthesis. Such could allow for increased ammonia production,
since less oxygen containing air 1s then fed to the synthesis. Any smaller amounts of
ammonia slippage into either the hydrogen stream or the nitrogen rich stream from the
absorbers should not poison the ammonia synthesis reaction. As an option, a slip stream from
the rich solution stream may be transported to the low pressure absorber to minimize
ammonia slippage into the nitrogen rich stream.

[0057] This embodiment of the alternative integrated method and system for the
formation of urea by integration of a part of an ammonia production process with the urea
production process 1s schematically illustrated in Fig. 2 and will be disclosed in detail below
with reference to Fig. 2. Although a steam reformer unit 14 1s illustrated 1n Fig. 2, such could,
in analogy with the system illustrated in Fig. 1, as an alternative be a gasification reactor in
which syngas 1s formed. In that case, the flue gas used 1n the alternative integrated method 1s
provided from any other source (not shown in Fig. 2), such as a boiler, e.g. a power boiler or
any boiler supplying heat to a urea production plant. Referring to Fig. 2 a steam reformer 14
1s provided with a feedstock 2, e.g., natural gas, oil, or hydrocarbons, and with steam 3. The
steam reformer 14 1s fired with a fuel 4, e.g., natural gas. During the reaction between
carbohydrates and steam 1n the steam reformer 14 a syngas containing hydrogen and carbon
monooxide 1s produced. A syngas stream 26 1s transported to a carbon monooxide shift unit
2’7, in which the carbon monooxide 1s subjected to a shift into carbon dioxide. The hydrogen/
carbon dioxide stream 28 so obtained 1s transported directly to a high pressure absorber 33
having a pressure of 0.3-4 MPa, preferably 1-2.5 MPa. Further, a flue gas containing
nitrogen, carbon dioxide, and other contaminants 1s emitted from the steam reformer 14, and
transported as flue gas stream 235 to a low pressure absorber 29 having a pressure of 0.08-0.15
MPa, preferably 0.095-0.11 MPa.

[0058] In the high pressure absorber 33 carbon dioxide 1s absorbed and 1s then emitted
therefrom 1n a rich solvent stream 37 containing carbon dioxide in a high concentration,
water, and ammonia. This rich solvent stream 37 1s then transported under a high pressure as
a reactant to the urea synthesis reactor 38a (not shown) 1n a urea production plant 33. A

hydrogen stream 34 1s emitted from the high pressure absorber 33 for use as a reactant 1in an
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ammonia production unit 41. Optionally, a slip stream 36 of rich solvent stream 37 1s
transported to the top of the low pressure absorber 29, where i1t 1s used to catch excess
ammonia from the upcoming treated flue gas stream 25 as necessary, before the cleaned flue
gas, 1.€., nitrogen containing stream 33, 1s transported to the ammonia production unit 41 for
usage.

[0059] In the low pressure absorber 29 carbon dioxide contained in the flue gas
stream 25 1s absorbed by means of lean solvent stream 42. Such leaves low pressure absorber
29 as a semi rich solvent stream 30 containing absorbed carbon dioxide in a medium
concentration, water, and ammonia. This semi rich solvent stream 30 1s then transported to
high pressure absorber 33. Optionally, a partial stream 31 of the semi rich solvent stream 30
1s transported to the urea production plant 38. Before entering the low pressure absorber 29,

flue gas stream 25 may be subjected to one or more conventional purification steps, and 1s

also cooled to a temperature of between 0 and 25°C, preferably to a temperature between 10

and 20°C. Cleaned flue gas containing nitrogen at a high percentage, which i1s emitted from
the low pressure absorber 29, can be transported as the nitrogen containing stream 35 to the
ammonia production unit 41. Thus, the hydrogen 1n the hydrogen stream 34 and the nitrogen
in the nitrogen containing stream 35 are transported as reactants to the ammonia production
unit 41 in which the reaction between hydrogen and nitrogen takes place to produce
ammonia. A recycle stream 39 containing a mixture of ammonium carbamate, ammonium
carbonate and ammonium bicarbonate, either 1in solution or in a slurry, also containing un-
reacted ammonia, carbon dioxide, carbonic acid and water originating from the urea
production plant 38, 1s optionally provided with additional ammonia via an ammonia stream
40 from the ammonia production unit 41 forming a lean solvent stream 42 1n the form of a
ammonia solution containing carbon dioxide in a low concentration, ammonia, ammonium
carbamate, ammonium carbonate, ammonium bicarbonate and water, wherein this lean
solvent stream 42 1s transported to the low pressure absorber 29. Optionally, a partial stream
32 of the lean solution stream 42 may be transported directly to the high pressure absorber
33 or to the semi rich solvent stream 30. The balance of ammonia from the ammonia
production unit 41 1s transported in partialstream 43 to the urea production plant 38.

[0060] The concentration of ammonia in the lean solvent stream 42, in the semi rich
solvent stream 30 and 1n the rich solvent stream 37 1s 2-12, preferably 6-10, moles per liter of
solution. The concentration of carbon dioxide 1n the lean solvent stream 42 1s 0.2-4.0,

preferably 1.5-4, moles per liter solution. The concentration of carbon dioxide in the semi
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rich solvent stream 30 1s 1.0-3.5, preferably 2.5-4.5, moles per liter solution. The concen-
tration of carbon dioxide in the rich solvent stream 13 1s 1.0-10.0, preferably 3.0-6.0, moles
per liter solution. The ratio between the concentration of ammonia and the concentration of
carbon dioxide in stream 37 1s preferably 1;1.5 to 1:2.5 1in order to satisty the stochiometrics
of the urea reaction.

[0061] Fig. 3 shows a further embodiment of the system shown 1n Fig. 2, wherein a
regenerator 44 1s located between the high pressure absorber 33 and the urea production plant
38. More precisely, the rich solvent stream 37, optionally mixed with the partial stream 31 of
the semi1 rich solvent stream 30, 1s separated in the regenerator 44 to a pure CO, stream 45
and to the lean solvent recycle stream 39. The pure CO; stream 43 1s fed in a conduit to the
urea production plant 38, and the recycle stream 39 1s fed in a conduit to the pressure
absorber 29.

[0062] To summarize, the present invention relates to a method of forming urea by
integration of an ammonia production process in a urea production process, and to a system
for said method. It also refers to an alternative method of forming urea by integration of a
part of an ammonia production process 1n a urea production process, and to a system for said
alternative method.

[0063] While the invention has been described with reference to a number of preferr-
ed embodiments, 1t will be understood by those skilled in the art that various changes may be
made and equivalents may be substituted for elements thereof without departing from the
scope of the present invention. In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the invention without departing from the
essential scope thereof. Therefore, it 1s intended that the invention not be limited to the parti-
cular embodiments disclosed as the best mode contemplated for carrying out this invention,

but that the invention will include all embodiments falling within the scope of the appended

claims.
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CLAIMS:

1. A method of forming urea by integration of an ammonia production process in

a urea production process comprising:

obtaining ammonia and carbon dioxide and a flue gas for a first ammonia

stream, a carbon dioxide stream, and a flue gas stream containing carbon dioxide,

separating the first ammonia stream into a second ammonia stream and a third
ammomnia stream, wherein the second ammonia stream 1is transported to an absorber and the

third ammonia stream 1s transported to a urea synthesis section of a urea production process

for the production of urea;

transporting the carbon dioxide stream to the urea synthesis section;

transporting the flue gas stream to the absorber;

combining the second ammonia stream and a lean solvent stream provided

from the urea production process to form a mixed stream;

contacting the mixed stream with the flue gas stream in the absorber to absorb

carbon dioxide from the flue gas stream to form a rich solvent stream and a treated gas stream;

transporting the rich solvent stream emitted from the absorber to the urea

synthesis section;

contacting the carbon dioxide stream, the third ammonia stream and the rich

solvent stream 1n the urea synthesis section to form urea and the lean solvent stream, and

transporting the lean solvent stream from the urea production process to the

absorber.

2. The method according to claim 1, wherein the flue gas stream is obtained

during combustion in an ammonia production plant.
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3. The method according to claim 2, wherein the combustion in the ammonia

production plant is performed 1n a steam reformer.

4. The method according to any one of claims 1 to 3, wherein the flue gas stream

is cooled to a temperature of 0—25 degC before entering the absorber.

J. The method according to any one of claims 1 to 4, wherein the absorber is a

Chilled Ammonia Process (CAP) absorber.

6. The method according to any one of claims 1 to 5, wherein at least a portion of

the treated gas stream leaving the absorber is transported to the ammonia production process.

7. The method according to any one of claims 1 to 6, wherein the concentration of
ammonia in the mixed stream and in the rich solvent stream 1s 2—12 moles per liter solution;
the concentration of carbon dioxide in the lean solvent stream is 0.2-4.0 moles per liter

solution, and the concentration of carbon dioxide in the rich solvent stream 1s 1.0-10.0 moles

per liter solution.

8. The method according to any one of claims 1 to 7, wherein the ratio between
the concentration of ammonia and the concentration of carbon dioxide in the rich solvent

stream 1s 1:1 to 3:1, or 3:2 to 5:2.

9. A method of forming urea by integration of a part of an ammonia production

process in a urea production process, comprising:

obtaining a hydrogen/carbon dioxide stream from an ammonia production

process, and a flue gas stream containing carbon dioxide and nitrogen,
transporting the flue gas stream to a low pressure absorber;

contacting the flue gas stream with a lean solvent stream in the low pressure

absorber to produce a semi-rich solvent stream and a cleaned gas stream containing nitrogen;

transporting the hydrogen/carbon dioxide stream to a high pressure absorber;
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transporting the semi-rich solvent stream from the low pressure absorber to the

high pressure absorber;

contacting the hydrogen/carbon dioxide stream with the semi-rich solvent

stream 1n the high pressure absorber to form a rich solvent stream and a hydrogen stream;

transporting the rich solvent stream from the high pressure absorber to the urea

production process to form urea and a lean solvent stream comprising a solution of carbamate,

ammonia, carbon dioxide and water,
transporting the lean solvent stream to the low pressure absorber, and

transporting a stream from an ammonia production unit to the urea production

ProcCcss.

10. The method according to claim 9, wherein the flue gas stream is obtained

during combustion 1n a steam reformer in the ammonia production process.

11. The method according to claim 9 or 10, wherein a syngas stream containing
hydrogen and carbon monoxide, and formed during a steam reforming reaction of the
ammonia production process, is transported to a carbon monoxide shift unit in which the

carbon monoxide 1s converted into carbon dioxide to form the hydrogen/carbon dioxide

stream.

12. The method according to any one of claims 9 to 11, further comprising
transporting the cleaned gas stream containing nitrogen and the hydrogen stream to the

ammonia production process and reacting both for the production of ammonia.

13. The method according to any one of claims 9 to 12, wherein an ammonia

stream 1s added to the lean solvent stream before entering the low pressure absorber.

14. The method according to any one of claims 9 to 13, wherein at least a portion

of the rich solvent stream emitted from the high pressure absorber is transported to the low

pressure absorber.
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15. The method according to any one of claims 9 to 14, wherein at least a portion

of the lean solvent stream is added to the high pressure absorber.

16. The method according to any one of claims 9 to 15, wherein a partial stream of

the semi rich solvent stream exiting the low pressure absorber is transported to the urea

production plant.

17. The method according to any one of claims 9 to 16, wherein the pressure in the
low pressure absorber is 0.08-0.15 MPa and the pressure in the high pressure absorber

is 0.3-4.0 MPa.

18. The method according to claim 17, wherein the pressure in the low pressure

absorber is 0.095-0.11 MPa, and the pressure in the high pressure absorber 1s 1-2.5 MPa.

19. The method according to any one of claims 9 to 18, wherein the concentration
of carbon dioxide in the lean solvent stream 1s 0.2-4.0 moles per liter solution, the
concentration of carbon dioxide in the semi rich solvent stream 1s 1.0-5.5 moles per liter of

solution, and the concentration of carbon dioxide in the rich solution stream is 1.0-10.0 moles

per liter solution.

20. The method according to any one of claims 9 to 19, wherein the ratio between
the concentration of ammonia and the concentration of carbon dioxide in the rich solvent

stream 1s 1:1 to 3:1, or 3:2 to 5:2.

21. A system for carrying out the method according to any one of claims 1 to 8, of
forming urea by integration of an ammonia production process with that ot a urea production
process, wherein said system comprises an ammonia production plant, an absorber, and a urea
synthesis section in a urea production plant, wherein a conduit for a first ammonia stream
from the ammonia production plant is separated into a conduit for a second ammonia stream
fluidly connected to the absorber or to a conduit for a lean solvent stream thus forming a
mixed stream, and into a conduit for a third ammonia stream fluidly connected to the urea

synthesis section, wherein a conduit for a flue gas stream containing carbon dioxide i1s fluidly

connected between the ammonia production plant, or another flue gas source, and the
18
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absorber, wherein a conduit for a carbon dioxide stream is fluidly connected between the

ammonia production plant and the urea synthesis section, wherein a conduit for a rich solvent
stream 1s fluidly connected between the absorber and the urea synthesis section, and wherein

the conduit for a lean solvent stream is arranged between the urea production plant and the

absorber.

22. The system according to claim 21, further comprising a conduit for a clean gas

stream fluidly connected to the absorber.

23. A system for carrying out the method according to any one of claims 9 to 20,
of forming urea by integration of a part of an ammonia production process with that of a urea
production process, the system comprising a steam reformer or a gasification reactor of an
ammonia production plant, a low pressure absorber, a high pressure absorber, and a urea
production plant, wherein a conduit for a flue gas stream is connected between the steam
reformer, the gasification reactor, or another flue gas source, and the low pressure absorber,
wherein a conduit for a hydrogen/carbon dioxide stream is arranged between the steam
reformer or the gasification reactor and the high pressure absorber, wherein a conduit for a
semi rich solvent stream is fluidly connected between the low pressure absorber and the high
pressure absorber, wherein a conduit for a rich solvent stream is fluidly connected between the
high pressure absorber and the urea production plant, and wherein a conduit for a lean solvent

stream 1S arranged between the urea production plant and the low pressure absorber.

24, The system according to claim 23, further comprising an ammonia production

unitt, a conduit for a hydrogen stream fluidly connected between the high pressure absorber
and the ammonia production unit, a conduit for a nitrogen containing stream fluidly connected
between the low pressure absorber and the ammonia production unit, and a conduit for a

stream of the balance of ammonia fluidly connected between the ammonia production unit

and the urea production plant.

235. The system according to claim 23 or 24, further comprising a carbon monoxide
shift unit for the conversion of carbon monoxide into carbon dioxide, wherein a conduit for a

syngas stream containing hydrogen and carbon monoxide is fluidly connected between the
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steam retormer or the gasification reactor and the carbon monoxide shift unit, and wherein the

conduit for the hydrogen/ carbon dioxide stream is fluidly connected between the carbon

monoxide shift unit and the high pressure absorber.

26. The system according to any one of claims 23 to 25, further comprising a
conduit for a partial stream of the semi rich solvent stream fluidly connected between the

conduit for the semi rich solvent stream and the conduit for the rich solvent stream.

27. The system according to any one of claims 23 to 25, wherein a conduit for a
recycle stream containing carbamate in a solution or in a slurry, also containing ammonia,
carbon dioxide and water, 1s fluidly connected between the urea production plant and the
conduit for the lean solvent stream, and wherein a conduit for an ammonia stream is

connected to the conduit for the recycle stream.

28. The system according to any one of claims 23 to 27, wherein a conduit for a
partial stream of the lean solvent stream is fluidly connected between the conduit for the lean

solvent stream and the conduit for the semi rich solvent stream or the high pressure absorber.
29. The system according to any one of claims 23 to 28, further comprising:

a regenerator located between the high pressure absorber and the urea

production plant; and

a conduit between the regenerator and the low pressure absorber for a

separated lean solvent recycle stream; and

a conduit between the regenerator and urea production plant for a separated

pure CO; stream.

20
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