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(57) Abrégée/Abstract:
A urea production process In which the urea solution produced In the reaction zone Is treated in sequence with a first thermal

decomposer at the same pressure as the reaction, to decompose part of the residual ammonium carbamate into its components,
then with an adiabatic stripper in which the free ammonia Is stripped with CO,, operating at a pressure which is 1-7 MPa less than

the synthesis pressure, then with two further carbamate thermal decomposition stages at decreasing pressures. The gaseous
products obtained from those stages at pressures less than the synthesis pressure are mixed with the recycle solutions from the
downstream stages, condensed by heat transfer against said downstream stages, and then recycled to the reaction as liquid.
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CASE 3393

UREA PRODUCTION PROCESS OF HIGH ENERGY EFFICIENCY

ABéTRACT
A urea production process in which the urea solution produced in
the reaction zone is treated in sequence with a first thermal
decomposer at the same pressure as the reaction, to decompose part
of the residual ammonium carbamate into its components, then with
an adiabatic stripper in which the free ammonia is stripped with
CO2 operating at a pressure which is 1-7 MPa less than the
synthesis pressure, then with two further carbamate thermal
decomposition stages at decreasing pfessures. The gaseous
products obtained from those stages at pressures less than the
synthesis pressure are mixed with the recycle solutions from the
downstream stages, condensed by heat transfer against said

downstream stages, and then recycled to the reaction as liquid.
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UREA PRODUCTION PROCESS OF HIGH ENERGY EFFICIENCY

This invention relates to urea production and in particular to a
urea synthesis process of high energy efficiency starting from
ammonia and carbon dioxide.
In the known art, industrial urea production processes are based
on the synthesis of ammonium carbamate at high temperature {for
example 175-250°C) and pressure {for example 12-25 MPa) from
ammonia and carbon dioxide in accordance with the exothermic
reaction:

2NH3z + COz <=---=-=> NH2CQONH4
which is then dehydrated to urea in the same reaction zone and
under the same conditions in accordance with the endothermic
reaction:

NH2COONHg4 (==~—~- > NH2CONHz + Hz20
which procéeds consecutively with the ammonium carbamate
formation.
Whereas under the stated conditions'the first reaction is very
fast and is strongly Shifted towards the right, the carbamate
dehydration reaction is slower and only partly shifted towards the
right. The degree of conversion of carbamate to urea depends on

the stated operating conditions, on the residence time 1in the
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reactor and on the excess of ammonia over the stoichiometric ratio
between the ammonia and the carbon dioxide.

To obtain high conversion to urea and limit the formation of
harmful by-products such as biuret and its homologues, the NHa/CO2
molar ratio maintained in the reaction zone in industrial
processes varies between 2.5 and ).
The effluent obtained from the synthesis zone consists
substantially of a solution of urea, water, unconverted ammonium
carbamate and free ammonia.
The free ammonia and the ammonium carbamate contained in said
effluent must be separated and recycled to the synthesis section
for total conversion to urea, so that substantially only the
product urea and its stoichiometric water are discharged from the
plant, in accordance with the overall equation:

ZNH3 + COz <-—--- > NHz2CONHz + H20
according to which each mole of urea produced is accompanied by
one mole of water, generated by the dehydration of the carbamate.
In certain industrially successful processes, such as those of GB
patent 2087381 in the name of Snamprogetti and USA patent 4208347
in the name of Montedison, an initial recovery of the unconverted
carbamate is effected in a first decomposer operating under the
same pressure as the synthesis reactor, to thermally decompose
part of the unconverted ammonium carbamate to urea and release a
part of the dissolved free ammonia, by heating the solution by
heat transfer with a heating fluid, normally medium presgsure
steam, preferably in vertical heat exchangers in which the urea

solution flows as a thin film to facilitate mass transfer between
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the phases.

The ammonium carbamate decomposition can optionally be facilitated
by a gaseous ammonia stream fed into the bottom of the first
decomposer. Alternatively, the ammonia contained in excess in the
effluent can be used as a self-gstripping agent.

In those processes comprising a first decomposition stage at the
same pressure as the synthesis reaction, the vapour produced by
the carbamate decomposition is generally recycled to the synthesis
zone. This recycling can be conducted either directly in the
gaseous phase to thermally sustain the reactor, or by separately
recovering part of the heat of condensation of the gaseous phase
produced in the decomposer to produce steam for use in other plant
sections, and feeding the recycle stream as a mixed phase to the
reactor.

A urea solution containing a reduced gquantity of carbamate and an
excess of free ammonia is obtained from this first decomposition
stage.

It has been proposed, for example in European Patent 98396 in the
name of Montedison, to follow the first carbamate decomposifion
stage with an excess ammonia removal stage, conducted at the same
pressure as the synthesis zone, comprising stripping 1in
countercﬁrrent with a stream of carbon dioxide in a film heat
exchanger, but with the simultaneous supply of heat on the shell
side by condensing steam limited to the upper part of the tube
bundle. The lower part of the tubé bundle therefore operates
under adiabatic conditions. From the description of this patent

it emerges however that this adiabatic part of the residual free
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ammonia removal process results in a high residual carbamate
content in the urea solution, hence highly penalizing the
subsequent plant sections which then have to recover the carbamate
under energy-unfavourable conditions, so considerably increasing

energy consumption.

European patent 213669 in the name of Stamicarbon proposes

adiabatically stripping the urea solution leaving the reaction

zone with part of the feed carbon dioxide at the reaction
pressure, but without preceding it by a first thermal
decomposition stage. This treatment is limited only to a minor
portion of the effluent (30-50%) whereas the major portion (50-
70%) is fed to conventional stripping with carbon dioxide using an

external heat supply.

In this process only the minor portion is fed to the subsequent
medium pressure carbamate decomposition stage, its heat of
condensation being recovered at a convenient temperature level
only for this minor part, whereas the major part is directly fed
to the low pressure thermal decomposition stage, where the heat of
condensation of this major part is recovered at a temperature too
low for its convenient use in the plant, and has to be disposed of
with the cooling water, so energy-penalizing the overall process.
This process is also difficult to implement in terms of correctly
maintaining the division of the parallel streams which follow
these separate paths.

The present invention provides a urea synthesis process which
overcomes the drawbacks of the aforementioned processes by

comprising a cycle of high energy efficiency.
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According to the invention the urea solution leaving the
first thermal decomposer at the same pressure as the
synthesis 1s treated in an adiabatic stripping zone with
carbon dioxide at a pressure 1-7 MPa lower than the
synthesis pressure, to obtain from the top a vapour mixture

consisting substantially of ammonia, carbon dioxide and

water.

According to the invention, this gaseous stream is mixed
with the 1liguid recycle stream from the medium pressure
carbamate recovery stage and then condensed by heat

transfer to the wurea solution subjected to carbamate

recovery at medium pressure (1-4 MPa).

According to the invention, the wvapour mixture obtained
from this medium pressure recovery stage 1s mixed with the
recycle solution at low pressure (about 0.35 MPa) and then
condensed in a heat exchanger HES5 at a temperature level
which enables its heat to be effectively used in the final
vacuum concentration stages of the urea solution under a
pressure of between 30 and 100 KPa. In this respect, the

resultant mixture has an NH3/CO, ratio around the

"azeotropic" point, i.e. the point 1in which the composi-
tions of the 1liquid phase and vapour phase coincide to
provide condensation at the highest possible temperature,
which ,in the process according to the invention allows
useful recovery of the latent heat even of the gaseous
phase produced 1in the medium pressure stage. More
specifically, the condensation of ammonium carbamate in HES

is conducted with an NH,/CO, molar ratio around the

azeotropic point of the composition.
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This manner of operating results in very efficient recovery

of the heat of condensation of the carbamate, significantly
impreoving the energy efficiency of the process. The method
of condensing the decomposition product at medium pressure

with an NH3/COp, molar ratio around the azeotropic point

enapbles the added dilution water from this condensation to
be reduced to a minimum, so minimizing the recycling of
water to the synthesis zone and hence significantly
improving - the conversion of ammonium carbamate to urea,

which is hindered by the presence of water.

More specifically, the invention as claimed is essentially

directed to a process for producing urea comprising:

(a) reacting ammonia and carbon dioxide 1in a reactor

operating at a temperature of 175°-220°C and a pressure of
13-23 MPa using an ammonia to carbon dioxide molar ratio of
between 2.5 and 5 to produce a urea solution including
ammonium carbaméte and free ammonia;

(b) transférring sald urea solution to a first thermal
decomposer; ‘

(c) heating said urea -solutioﬁ in said first thermal

decomposer to strip part of the free ammonia and decompose

a portion of the ammonium carbamate into carbon dioxide and

ammonia, sald first decomposer belng operated at about

200°-210°C and substantially at the same pressure as the

reactor;

(d) recycling the gaseous carbon dioxide and ammonia from

said first decomposer to said reactor for further reaction;

(e) feeding the urea solution from the first decomposer,

wherein the urea solution has a molar ratio of ammonia toO
carbon dioxide between about 6 and 12',- toc an adiabatic

stripping column and contacting said urea solution in said
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stripping column with a countercurrent flow of more than

70% of the total carbon dioxide used in the process to

‘remove ammonia and thereby concentrate the urea solution

and to form a vapor phase, the stripping column being
operated at a pressure which 1s at about 1-7 MPa less than

the reactor pressure;

(f) feeding the urea solution obtained from said adiabatic

—
WY

stripping column, which solution has a molar ratio ot

ammonia to carbon dioxide of between about 2.0 and 4.0, to
a second thermal decomposer at a pressuré of about 1-4 MPa,
and heating said urea golution 1in said second thermal
decomposer to form a vapor phase and a further concentrated
urea sblution;

(g) condensing salid vapor phase from said thermal second
decomposer to form a recyclable carbamate solution;

(h) mixing salid recyclable carbamate solution from said
vacuum concentrator with vapor phase from said adiabatic
stripping column and partially condensing said resultant
mixture to provide heat requilired for the second thermal
decomposer; and

further condensing said mixture to produce steam and to

form a recyclable stream that 1s returned to the reactor

for reaction.

As it may thus be appreciated, the process according to the
invention consequently comprises the following treatment
stages:

-  the high pressure reaction zone operates with a NH3/COz molar
ratio of.between 2.5 and 5, and preferably betweeh 34D aﬁd 4.5, at
8 temperature of 175-220°C and preferably 185-200°C, and at a
corresponding pressure of 13-23 MPa, to produce a urea solution
containing unconverted ammonium carbamate and free ammonia. The

reaction conditions are chosen such as to obtain conditions of
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substantial equilibrium between liquid and vapour in the reactor,
the reaction mixture being practically under boiling, taking
account of the presence of uncondensables;

- the solution obtained from the reaction zone is fed to a first
decomposer operating at 200-210°C, in which a first part of the
ammonium carbamate decomposes under addition of heat and a part of
the ammonia dissolved in the effluent from the reactor is
released, operating substantially at the same pressure as the
reaction zone and-recycling as gas to the reaction zone the
gaseous products of this first decomposer;

-  the urea solution produced by the first decomposer, and having
a ratio of the NH3 to the CO2 unconverted to urea of between 6 and
12 and preferably between 8 and 10, is fed to an adiabatic
stripper in which the free dissolved ammonia 1is stripped from the
solution by countercurrent contact with a prevailing part, of more
than 70% and preferably more than 90%, or with all the carbon
dioxide fed to the plant, operating at a pressure which is 1-7 MPa

lower, and preferably 2-5 MPa lower, than the pressure of the

reaction zone, More precisely, column C1 and the

condensation zone HE2 operate at a pressure which 1s 2-5

MPa lower than the synthesis pressure;

— the urea solution obtained from the adiabatic stripper

has a molar ratio of the NH3 to the CO; unconverted to urea

of between 2.0 and 4.0 and preferably between 2.5 and 3.5.
More precisely the removal of free ammonia in Cl1 by

stripping with CO5 is conducted until the ratio of the NHj

to the CO, unconverted to urea is between 2.5 and 3.5. It

is fed to a second thermal decomposition zone at medium
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pressure of between 1 and 4 MPa, 1in which the heat required
for the decomposition 1s provided by condensing the vapour

mixture obtailined from the preceding adiabatic stripping
stage after being mixed with the recycle carbamate soelution

from the medium pressure decomposition stage;

- the liquid-vapour mixture from the partial condensation of the
vapour produced in the adiabatic stripper, used for thermally
sustaining the second decomposer, is fed to a second final

10 condensation zone, in which steam is produced usable in other

plant sections, and is then recycled in the liquid phase to the

synthesis reactor;

- the vapour mixture obtained from the second decomposer
operating at medium pressure is condensed with an ammonia/carbon
dioxide molar ratio in the condensate of between 2 and 4, and
preferably between 2.5 and 3.5, in at least one condensation stage
operating at the same pressure as the second decomposer. The heat

of condensation is used to concentrate the urea solution in the

20 next concentration zone. The resultant condensate i1s that which

1s recycled to the first condensation zone and mixed with the

‘vapour from the stripping with COz before their condensation for

thermally sustaining the second decomposer;

- the urea solution produced in the second decomposer is fed

into at least one further ammonium carbamate thermal decomposition
zone before being fed to the concentration section to produce a

concentrated urea solution for subjecting to final prilling or

10 granulation treatment.

The disclosed pracess provides to insert a further stage

‘ ' ) hich 1s
of adiabatic stripping with C-O2, att a pressure w
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lower than the synthesis pressure (1-7 MPa less), to the
traditional scheme of the urea production process - as
for example the process according to the copending
European application N.417830 A of the same applicant -
which is characterized by associating to the stage of
synthesis, a stage of stripping at the same pressure as
the synthesis reaction and two following stages of

decomposition and recovery of the residual carbamate at

medium pressure (1-3 MPa) and at low pressure (0.3-0.5

MPa).

This additional stage deeply modifies the process stages

and its economy.

With reference to the process scheme disclosed 1in EP

417830, the following significative differences can be

observed.

The present invention provides to use all or the most part

of the carbon dioxide feed to the plant (at least the 70%

of the feed and preferably the 90% and wmore) at the

adiabatic stripping zone for the adiabatic

___1——-_——-———“—-_'—’—"#
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stripping of the residual carbamate in the additional
stage (column C1 of the present application) at a still

high pressure, which enables to recover its condensation

heat at a good temperature and with a low energy of

recycle. This stage allows to remove a substantial part
of the reagents unconverted to urea from the reaction
product still at high pressure, near to the reaction
bressure, considerably reducing the work of the recovery
and recycle sections of such components in the following
lower pressure stages.

The gaseocous stream generated by this new stage, is used
similarly to the products of the self-stripping stage
occurring at the same pressure as the synthesis reaction
according to the previous application.

According to the previous application a little part of

CO no more than 20%, is used in the non-adiabatic

5 *
stripping, but using also the heat coming from the
heat-exchanger HE2 (column C1 of the cited application)
at a preésure of 1-3 MPa. In the previous application,
the gaseous product of the stripping stage occurring at
the same pressure as the synthesis reaction, 1is fed to
the condensation and the heat recovery system of the
exchangers HE2-HE3, in order to produce a Jlow wvalue
vapournr mixture at low pressure. In the present
application such heat is directly used to sustain the

synthesis reaction, namely at the highest temperature,

and then the gaseous mixture can be fed together with

OOOOOOOO
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the larger part of the carbamate which has been
preformed downstream.
In the present application, the zone Z1 of recovery and

separate recycle of the ammonia, present in the previous

10

15

20

25

application, has been eliminated.

The characteristics and advantages of the process according to the

invention will be more apparent from the description of a typical

emhodiment thereof given hereinafter and illustrated by way of
example on the schematic flow diagram of the Figure.

EXAMPLE

The plant shown on the flow diagram of the Figure is for a daily

production of 360 tonnes of urea, equivalent to an hourly capacity

of 15000 kg/h.

The plant is fed through the line 1 with 11000 kg/h of COz and 100
kg/h of inerts and air as passivation agent. This feed is
compressed to a pressure of 16MPa by the compressor K1 and is fed
through the line 5 to the adiabatic stripping column Cl. The line
6 thch feeds the CO2 fo the reactor is kept closed.

8500 kg/h of NH3 are fed to the plant through the line 2 at a
temperature of 30°C and are pumped to a pressure of 13 MPa by the
pump P1. 850 kg/h of ammonia are fed from its delivery side to
the medium pressure condensation zone through the line 3, while
the remaining 7650 kg/h are fed directly to the synthesis reactor

R1 through the line 4 after being heated in the preheater HE6 to

140°C.
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A recycle carbamate stream consisting of 13759 kg/h of NHiz, 14422
kg/h of COz and 4561 kg/h of water is fed through the line 7 to

the reactor R1.

The volume of thé reactor Rl is such as to provide a residence
time of 35 minutes for the reaction mixture. The ammonium

carbamate is dehydrated to urea in the reactor, a urea solution
consisting of 16865 kg/h of NHa, 4787 kg/h of COz2, 9594 kg/h of
water and 15600 kg/h of urea being exﬁracted from its top at a

pressure of 18.5 MPa and temperature of 130°C, and fed through
the line 8, to the falling film decomposer HEL1.

In the decomposer HE1l the urea sclution -is heated to a temperature

~of 209°C using the heat of condensation of 6450 kg/h of saturated

medium pressure steam MS at 2.2 MPa fed to the shell side

of the heat exchanger HEl through the line 101. The medium

pressure condensate MC is extracted through the line 102.

From the top of the first decomposer HEl a gaseous stream is
obtained consisting of 4396 kg/h of ammonia; 1815 kg/h of carbon
dioxide'and-368 kg/h of water, and 1is recycled through the line 9
to the reactor Ri. A urea solution at 209 °C and 18.5 MPa is
obtained from the bottom of HEl, consisting of 12809 kg/h of
ammonla, 3412 kg/h of carbon dioxide, 9046 kg/h of water and 15000
kg/h of urea, with a molar ratio éf NHa to CO2 unconverted to urea
of 9.7.

This stream is expanded through the valve X1 to a pressure of

16MPa, with a pressure drop of 2.5 MPa, and is fed through the

line 10 to the top of the stripping column C1. In this column,

" which is packed, a considerable part of the free ammonia present



10

15

20

25

2063638

- 12 -
in the urea solution is stripped off by the effect of the
stripping CO2 which rises through the column in countercurrent
after being fed through the line 5.

From the top of Cl1 a vapour mixture is obtained composed of 7565
kg/h of NH3, 8624 kg/h of COz, 886 kg/h of water and 100 kg/h of
inerts at a temperature of 203°C, and is fed through the line 11
to the condensation zone. From the bottom of Cl1 a urea solution
is obtained at a temperature of 165°C comprising 5244 kg/h of NHa,
5788 kg/h of COz, 8160 kg/h of water and 15000 kg/h of urea, and
is expanded to 1.8 MPa through the valve X2 and fed through the
line 12 to the separator V2 which is provided with a chimney
plate.

After the flash vapour has been separated the urea solution is
circulated via the line 13 through the shell side of the heat
exchanger HE2, which receives via the line 11 the vapour produced
in the column C1, and via the line 14 the recycle carbamate
solution from the medium pressure condensation zone at a
temperature of 97°C énd consisting of 6419 kg/h of NHa, 6175 kg/h
of CO2 and 3763 kg/h of water.

The resultant liquid-vapour mixture has a temperature of 172°C and
enters the heat exchanger HE2 through the line 15, to leave it
through the line 16 at a temperature of 165°C and with a liquid
molar fraction of 84%, after transferring part of its heat of
condensation to the urea solution occupying the shell side of the
heat exchanger.

The final condensation of this stream is achieved in the heat

exchanger HE3, in which the liquid-vapour mixture from the line 16

. . ]
-
..................
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and the wvapour extracted from the top of the reactor Rl

goes through the line 17 at a temperature of 190°C and
comprising 100 kg/h of NH3, 10 kg/h of CO,; and 15 kg/h of

water are condensed at a temperature of 155°C and the

o

resultant heat of condensation is used to produce 4950 kg/h

of saturated steam at 4 bar (0.4 MPa) and 151°C.

The condensed mixture leaving the heat exchanger HE3 is fed

via the line 18 to the separator V1, where the separated

liquid phase comprises 13759 kg/h of NHj3, 14422 kg/h of COj

and 4561 kg/h of water, and is recycled to the reactor via
the line 19, the pump P2 and the line 7. The gaseous phase
consists of 325 kg/h of NHy, 387 kg/h of CO,, 103 kg/h of

water and 100 kg/h of inerts and is fed to the medium

pressure recovery section via the line 20 and the control

valve X4.

A urea solution 1s obtained from the bottom of the

P

separator V2 at a temperature of 160°C consisting of 1180

 kg/h of NH3, 481 kg/h of CO,, 15000 kg/h of urea and 5985

kg/h of water, and is fed through the line 21 to the next

thermal decomposition section, after expansion to a

pressure of 0.35 MPa through the valve X3.

The wvapour obtained from the top of the separator V2

consists of 4064 kg/h of NH3, 5037 kg/h of C02 and 21

kg/h of water at a temperature of 140°C, and is fed through

the line 22 to a falling film condenser/concentrator HES.

Before entering said condenser/concentrator, this stream is

mixed wlith the recycle ammonium carbamate solution fed
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through the line 23 and consisting of 1180 kg/h of NH3, 481

kg/h of COp» and 1385 kg/h of water, and with 850 kg/h of

NH3 fed through the line 3. In this respect, i1t has been

surprisingly found that this addition of ammona,

preferably, 1n an amount of up to about 10% of the total

fresh ammonia 1n the process, which would appear damaging

to the useful
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temperature level for heat recovery in HE5, results in an overall
improvement in the recycling, and easier removal in C2 of the
products to be recycled upstream, by releasing the uncondensables
to be discharged from the cycle.

The vapour is partly condensed in the heat exchanger HES and 1its
heat of condensation is used for the vacuum concentration of the
urea solution from the low pressure decomposition stage. The
liquid-vapour mixture leaving this heat exchanger at a temperature
of 110°C is fed through the line 24 to the heat exchanger HE7
together with the mixture of vapour and uncondensables from V1.
Virtually total vapour condensation takes place in the heat
exchanger HE7 with the exception of the inerts. The condensation
product at a temperature of 97°C is fed via the line 25 to the
wash column C2, where the inerts (100 kg/h) are released and
washed before being discharged to atmosphere via the valve Xd and
the line 27. Washing is conducted with 100 kg/h of water fed
through the line 26.

The ammonium carbamate solution obtained from the bottom of the
column at a temperature of 97°C consists of 6419 kg/h of NHia, 6175
kg/h of CO2 and 3763 kg/h of water, and is recycled via the line
27 and pump P3 to the high pressure condensation section in HEZ.
The urea solution leaving the separator V2 is fed to the falling
film heat exchanger HE4 in which operating at a pressure of 3.5
bar (0.35 MPa) a further part of the ammonium carbamate 1is
decomposed to obtain from the bottom a urea solution at a
temperature of 138°C, composed of 375 kg/h of NHa, 125 kg/h of

COz, 15000 kg/h of urea and 5333 kg/h of water. The heat of
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decomposition is provided by the condensation of 1200 kg/h '

of steam LS at 3.5 bar fed to the shell side of the heat

exchanger HE4, which 1s provided with an outlet for i1ts low

pressure condensater LC. The urea solution 1s fed wvia the

line 29 and control valve X6 to the two-stage concentration

section.

The operating pressure in the first falling film
condenser/concentrator HES5 1is 0.35 bar abs. (35 KPa
absolute), using as the heat source the heat of

condengation of the gaséous phase produced 1in the medium
pressure decomposer, to obtain a concentrated urea solution
of 94% by weight. However, the wvapour produced 1in the

medium pressure decomposer 1s condensed in the shell of the

falling film condenser/concentrator HES in which the urea

solution fed to the top of the tube 81de 18 concentrated to
88-95% by weight. This concentrate is fed through the line
30 to the final concentration stage comprising the heat
exchanger HE8, fed with 1450 kg/h of low pressure steam LS,

and ‘the separator V3, from which a urea melt comprising

15000 kg/h of urea and 30 kg/h of water is obtained thrdugh

the line 31.

The wvapours produced 1n the concentration stages HES and

HE8/V3 are fed via the lines 32 and 33 to the condensation
and effluent treatment zone Z1l, to which 2300 kg/h of low
pressufe steam are Lfeqa, I[OT¥ vacuum vapour extraction and
for stripping the ammonia and carbon dioxlide contained 1n

the process condensate.

The following streams are obtained separately from the

section Z1:
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- a gaseous stream containing 375 kg/h of ammonia, 125

kg/h of carbon dioxide and 733 kg/h of water, which is

recycled via the line 34 to the low pressure condensa’

section;

-10on

- a ligquid stream consisting of 6870 kg/h of purified

water at 139°C, which i1s discharged from the plant wvia the

line 35 after recovering 1ts sensible heat by preheating

the reactor ammonia feed in the heat exchanger HEG6.

The recycle wvapour from the zone Zl1, recycled through the
line 34,




10

15

20

25

20636358

- 16 -
is mixed with the top vapour stream of the heat exchanger HE4
flowing in the line 36, and then fed to the condenser HE9 to
obtain an ammonium carbonate solution at a temperature of 45 °C,
which is recycled to the medium pressure condensation section in
HE5 via the line 37 and pump P4. Any inerts present are
discharged via the control valve X7 and the line 38.
The low pressure steam consumption of the plant is satisfied by
the steam produced in the condenser HEJ.
From this example it is apparent that the process of the invention
has low energy consumption, with the following specific utilities
consumptions per tonne of product urea, including the utilities
required for effluent treatment:
- medium pressure steam: 430 kg
- electricity: 20 k¥Wh

(excluding COz compression)
- cooling water: 60 m3

(temperature difference 10°C)

With respect to the cited application EP 417830 of the
same applicant, the reduction of the steam use from a
value of 470 kg to a value of 430 kg per t of urea, 1s
significative.

It should be considered that an hypotetic plant having a
vield to wurea of 100% in the reactor (without any
recycle), would give a solution wherein 1000 kg of urea
together with 300 kg of stoichiometric water are present

and which requires 350 kg of steam to be concentrated to

99.8%.
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In the process according to the present invention the
heat recovery improvement 1is obtained improving the
condensation of the vapour mixture which 1is produced 1n
the medium pressure decomposition stage.

Such improvement is due to the gaseous mixture
composition, which allows the condensation at a thermic
valwe such as to enable an useful heat riutilization in
the same plant.

Such vapour mixture (NH3 + 002 + H20) has an NH3/002
ratio around the "azeotropic" point, ie its condensation
occurrs at the highest possible temperature, compatibly
with the working pressure and the minimum quantity of
dilution water.

Such minimum quantity of water gives a second energetic

advantage because the lowest is the water recycled to

the reactor, the highest is the conversion yield to urea
and consequently the 1lowest 1is the reagents quantity
unconverted to urea and the necessary heat quantity to

recycle thenm.

In order tao recover the heat at the maximum wvalue of
temperature during the condensation of the vapour
mixture, the best composition of such mixture, coming
from the medium pressure decomposition stage, is
obtained adding, upstream of such stage, an adiabatic
stripper which works at a pressure of 1-7 MPa (and
preferably between 2 and 5 MPa) with respect to the

synthesis pressure.
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I.n said stripper, a big part of the f{fresh CO2 is fed,
the ammonia in the urea solution is decreased, so that
in the downstream stage of medium pressure
decomposition, the obtained <vapour mixture has an
NHS/COé ratio much more suitable than that of the cited
application and said mixture is condensed at a higher
temperature with a minimum quantity of dilntion water.
A further advantage is the plant's simplification. The
H vapour mixture of the medium pressure decompositidn
stage, having éaid NH3/002 ratio suitable for 1its
condensation, 1S totally cOndensed, a -part in the
recovery-condenser HES5 and a part in the condenser HE7 .
'Said mixture 1s then washed in order to send to the
atmosphere, the inerts (H,, co,. CH,, O,, ' N, - ea)
pzfaticall'y free of NHS' On the contrary it 1is not
necessary to separate NH3 from the solutions obtained 1in
20 said condensations and then it is notl necessary its
se‘;.nar*ate jrecycle\ at medium pressure, as 1in ’t;he cited
prior art.
The same expedient, namely to adjust the NHS/CO2 ratio
during the condensation, is obtained sending through the
line 3, a little part of the fresh ammonia directly to

the falling film condenser/concentrator HE5 in order to

lncrease the heat recovery and namely its thermic level of

condensation. In the plant every heat recovery corresponds

30 to a lower quantity of heat lost in the cooling water, and

then to an energetic improvement of the process.
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CLAIMS

1. A process for producing urea comprising:

(a) reacting ammonia and carbon dioxide 1n a reactor

1)

operating at a temperature of 175°-220°C and a pressure of

P
—

13-23 MPa using an ammonia to carbon dioxide molar ratio O:

between 2.5 and 5 to produce a urea solution 1including

ammonium carbamate and free ammonia;

(b) transferring said urea solution to a first thermal

- decomposer;

(¢) heating said urea solution 1in saild first thermal

decomposer to strip part of the free ammonia and decompose
a portion of the ammonium carbamate into carbon dioxide and

ammonia, said first decomposer being operated at about

200°-210°C and substantially at the same pressure as the
reactor;
(d) recycling the gaseous carbon dioxide and ammonia Irom

salid first decomposer to said reactor for further reaction;

(e) feeding the urea solution from the first decomposer,
wherein the urea solution has a molar ratio of ammonia to
carbon dioxide between about 6 and 12, to an adiabatic
stripping column and contac-ting said urea solution in said

stripping column with a countercurrent flow of more than

70% of the total carbon dioxide used in the process to

remove ammonia and thereby concentrate the urea solution
and' to form a wvapor phase, the Stripping column beilng
operated at a pressure which is at about 1-7 MPa less than
the reactor pressure;

(f) feeding the urea solution obtained from said adiabatic

stripping column, which solution has a molar ratio of

_ammonia to carbon dioxide of between about 2.0 and 4 .0, tb |
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a second thermal decomposer at a pressure of about 1-4 MPa,

and heating sald urea solution in said second thermal

decomposer to form a vapor phase and a further concentrated

urea solution:

(g) condensing said vapor phase from said thermal second

decomposer to form a recyclable carbamate solution;

(h) mixing said recyclable carbamate solution with wvapor

phase from said adiabatic stripping column and partially
condensing saild resultant mixture to provide heat required

for the second thermal decomposer; and

(1) further condensing said mixture to produce steam and

to form a recyclable stream that 1s returned to the reactor

for reaction.

2. A urea production process as claimed in claim 1,

comprising the further steps of feeding the concentrated

urea solution obtained 1n step (f) to a third thermal

decomposer to further concentrate the urea solution and

form a vapor phase, condensing the vapor phase to form a

recycled solution, and mixing said recycled solution with

sald vapor phase 1n step (g) before condensation thereof.

3. A urea production process as claimed 1in claim 2,
whereiln the third thermal decomposer operates at a pressure

of about 0.3-0.5 MPa.

4 . A urea production process as claimed in claim 2 or 3,
wherein fresh ammonia 1s combined with the  vapor
phase/recycled solution mixture pefore condensation

ﬁ

thereof.
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5. A urea production process as claimed in claim 4,
wherein the amount of fresh ammonia combined with the vapor

phase/recycled solution mixture 1is up to about 10% of the

=

total amount of fresh ammonla used in said process.

o . A urea production process as claimed in any one of
claims 1 to 5, wherelin said vapor phase is condensed in a

shell side of a vacuum concentrator at an NH3/CO» molar

P

ratio of between about 2.5 and 3.5 and the heat of

condensation 1s used to concentrate the urea solution from

step (h) at a pressure of between 30 and 100 KPa absolute.

7. A urea production process as claimed 1in claim 6o,

whereln the mixture 1s condensed with an NH3/CO» molar

ratio close to the azeotropic point of the mixture.

8 . A urea production process as claimed in any one of

claims 1 to 7, wherein the adiliabatic stripping column 1is

operated at a pressure of about 2-5 MPa lower than the

reactor-pressure and the mixture formed in step (h) 1is

condensed at a pressure of about 2-5 MPa 1lower than the

reactor pressure.

9. A urea production process as claimed 1in any one of
claims 1 to 8, wherein 1in step (e), said urea solution 1is
contacted with about 90-100% of the carbon dioxide used in

sald process.

10. A urea production process as claimed in any one of

I

claims 1 to 9, wherein the urea solution i1is concentrated to

about 88-95% by welight of urea.
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11. A urea production process as claimed 1n any one of
claims 1 to 10, wherein 1n step (e) ammonia 1s removed

until the molar ratio of NH3 to COp» unconverted to urea 1s

between about 2.5 and 3.5.

12. A urea production process as c¢laimed 1in any one of

claims 1 to 11, wherein the urea solution obtalned 1in step

(c) has a molar ratio of NHiz to COp of between about 8 and

10.
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