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Inventor GIORGIO PAGANI (54) IMPROVED PROCESS FOR THE SYNTHESIS OF UREA/
(71)    We, MONTEDISON  SPA, an  of substance  that can  be displaced from
the  45 Italian body corporate,  of 31  foro Buonaparte, liquid phase to
the gaseous phase is therefore Milan, Italy, do  hereby declaire the
invention, limited unless a vigorous heating is carried for which we pray
that a patent may be granted   out which entails excessive consumption of 5
to us, and the method by which it is to be per-     high pressure steam.
The excess [err]  in the formed  to be particulary  described in and by
synthesis zone must be kept therefore under a  50 the following statement:-
catain level and cannot exert all the known The invention relates  to a
process for the  beneficial  influence  on the course of the syn- synthesis
of urea from amonia and carbon  thesis, the yields are not very high (55 to
- 10   dioxide, with the  intermediate formation of 60%) and consequently
the quantities of res- ammonium carbamate, according  to  the  idual
carbamate n the solution leaving the  55 equation:
reactor reach significant levels. Other processes, utilizing [err]
stripping are [err] + [err]                  disclosed in united states
Patent Specification [err] + [err]                 No. 3,049,563 and
Italian Patent specification No. 684,929. These processes can work accord-
and in particular to a process in which the by- ing to higher molar raios
of [err]   (3.5 15   product of the synthesis are recycled. The to 3.8:1)
and allow greater conversion yields invention   also relates  to apparatus
for use in  (62 to 64%). The advantage of the greater the process.
yield  however is annulled by the large amount The first reaction  of the
above reactions of [err]  present in the urea solution leaving the  65
being exothemic, while the second is slightly  stripper (22 to 25% [err]
and 5 to 6%.  [err] 20   endothermic. The conversion of carbamate to by
weight), which requires a very large  [err] urea is not quantitative and
residual carbamate recovery section at low pressure, usually  18 to is
usually decomposed into the starting com- 20 atm. Consequently, these
stripping  processes, pounds, [err] and [err]  and the prior  art dis-
although offering appreciable advantages, due   70 closes  different
methods  by  which  the to the decomposition  of great part of the res- 25
[err]  may be recycled.                  idual    carbamate at synthesis
pressure, are According to United States Patent Specifica- bound to the
choice of the stripping agent and tion   No. 3,356,723, a small excess of
[err]   is to the relatively low conversion yield in the used in the
synthesis (molar ratio [err] reactor.
75 in the motors is   from  2.5:1 to 3:1), the de-   The present invention
has been made with 30   composition of the carbamate and the displace- the
above points in mind. ment of the excess [err]  from the lquid pro-
Therefore according to the invention there is duct to the gaseous phase are
carried out by provided a process for the synthesis of urea treating the
.product, at the synthesis pressure according to the reaction scheme:
80 and in a thin-layer heat exchanger (falling film 35   stripper), by
heating and using a [err]  stream as stripping agent.- The patent discloses
the    [err]  +  [err] immediate  recycle to  the synthesis stage  of the
[err] + [err] gaseous phase and defines the process as "iso- bar total
recycle  process in view of the equal in which ammonia and carbon dioxide
are pressure in the synthesis and stripping zones.    reacted with a [err]
ration in the range Although such a process is a step forward over from
2.5:1 to 10:1 to form a liquid synthesis prior processes it has various
disadvantages. product,  the liquid synthesis product being  85 The
quantity of stipping gas is limited to the subjected to a first treatment
stage in which it stoichiometric [err]  requirement and the amount is
heated whereby substantially all of the car-    2
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bamate present is decomposed and the decom-  Even if  the heat was
recovered using  a con- position gases together  with a portion of  the
enser, in such. a process  the heat recovery excess ammonia are recycled to
the synthesis  occurred at low temperatures thus involving an stage and
thereafter the liquid synthesis pro-  enthropy  rise. Ii the 'pior
processes using high 5  duct is subjected to a second treatt stage  [err]
ratios the yields were better, but the  70 in which it is contacted with
carbon dioxide  residual [err]  amount in the urea solution was and heated
to remove the remaining excess  excessive, which led to an undesired
increase ammonia,  the resuling solution of urea is col-  in both number
and volume of the recovery lected and the gas phase from the  second treat-
apparatus. 10  ment s condensed (and residual gases purged)      The
present invention has.achieved a balance  75 before being  recycled in the
liquid phase to the  of two contrasting requirements on one side synthesis
stage, the synthesis reaction and the  the necessity of obtaining solutions
practically first  and second treatments being conducted  at free from
residual reagents and on the other substantilly the same pressure.
side the need of employing high [err] 15    The synthesis temperature
generally ranges  ratios in order to obtain higher yields and a  80 from
170 to 205C, preferably from 180 to  lower heat consumption. A further
advantage 200C. The higher temperatures result  in  of the invention is
that the not infrequent ther- easier successive stripping of the gases
using the  anal disturbances, of temporary and oscillating 002 stream -and
in less heat required for the  nature, d   inDutch patent publication 20
stripping. The synthesis pressure is generally  68/8472, may be easily
controlled by suitable  85 from 100 to 250 kg/[err], preferably from 180
adjustment, of the recycled streams coming to 225 kg/[err], the higher
pressures being pre-  from the first and second stripping stages and ferred
in  the presence of the higher tempera-  it is possible to achieve an
optimum thermal tures. According to a particular embodiment, profile  vane
that' stabilizes  the temporary 25  the ammonia feed to  the reactors is
preheated  phenomena.                               90 - and the [err]
stream, fed to the second treat-    When  the sythesis is caried out in two
ment stage, is between 10 and 400%  of the  zones, the   heaed ammonia fed
to the synthesis requirement. Preferably the range  (lower) second zone of
the synthesis, increases should be fom 50 to 90% the remaining   past  the
[err]  ratio, in the second reaction being fed directly to the synthesis or
to the first   zone, above the level of the ration in the      95
stripping.                                   (upper) first  zone.
Increasing the [err] The process of the invention can have  ratio, raises
the level of the carbamate dehydra- various embodiments.    For example,
the  syn-  tion because of the dehydrating effect of thesis of urea can be
carried out in two zones,   ammonia, which combines with the reaction 35
the first zone being positioned above the second  water and forms a weakly
dissociated ammon- 100 zone, ,the recycled  components from the first  ium
hydroxide [err]  thus promoting the and second treatment stages being fed
into the  completion of the synthesis. In general, the in- first zone in
which the dehydration of a major  crease of the [err]   ratio involves some
portion of the carbamate  to urea is performed,    disadvantages, e.g. the.
necessity to operate at 40  and further dehydration of the caamate to
higher  pressures and at reduced temperatures 105 urea is carried out until
substantially  reaching     which in  turn causes an increase in the [err]
the equilbrium level is performed in the sec-  excess and therefore a
greater consumption of ond zone, operating at a molar ratio of  heat is
required for  the displacement and re- [err] equal to or higher than that
in die  cycling of  the excess [err].    To overcome these 45  first zone.
Furthermore the decompositon of  drawbacks, the optimal value of the [err]
110 the carbamate in the first treatmentstage can  molar ratio should not
exceed 5:1 although it be improved, under certain operating con-  has been
found that it is possible to increase ditions, by the injection of a
certain amount of  this ratio up  to 7:1 or more, provided the stnipping
ammonia.                   -      increase is the second of the two
synthesis 50    The molar ratio of [err]   during the  zones. The partial
pressure of ammonia above 115 synthesis is generally from 2.5  to 10:1,
pre-  the liquid phase, in the (lower) second zone, ferably from 4 to 7:1.
When the synthesis is  may be greater, with respect to the upper zone,
performed in two zones, the ratio should be  by an amount  corresponding
to about the par- preferably from 4 to 7:1 in the first and upper-  tial
pressure of the inert gases, plus the press- 55  most zone and from 5 to
8:1 in the second  ure corresponding   to the overlying liquid  120 zone;
in such a case, the residence time of the  column. It is thi fact that
allows an increase synthesis mixture in the second zone is from   in  the
[err]  molar ratio up to 7:1 or more 3 to 15 minutes, preferably from  5 to
8  and thus the conversion yield of the carbamate, minutes.
a yield that can reach very high values, e g. 60     the process according
to the invention yields  80% and even more. The excess of ammonia 125 a
urea solution substantially free from residual  solubilized in the 'liquid
phase must be  re- [err] and [err]  which up to now had only been  covered
in the first of the two stripping stages possible at the expense of
excessive heat con-  and is then fed to the uppermost synthesis sumption,
when the [err] ratio in the  zone. An intermediate value of the [err] 



65  reaction zone was low as described above.  molar ratio, of from 5:l to
8:l can be obtained  130    3                                       l
,581,505                                      3 by feeding part of the
preheated ammonia to  ally an inlet for a feed stream of [err]  an inlet
65 the first zone and part to  the second zone.   for recycled liquid
components, an inlet for The invention will  now be described with
recycled gaseous components, a purging nozzle reference to the accompanying
drawings in  at the reactor top for removal of unwanted gas, 5   which:-
an overflow downcomer extending from the Figure 1 represents a layout of
the process  head of the reactor to the bottom   of the re-  70 according
to the invention.                 actor for passage of liquid synthesis
product Figure 2 illustrates a modification consist-  and an outlet for
liquid synthesis product in ing of the splitting of the reactor into two
communication  with 10  zones.                                         (b)
a fist stripper, comprising a vertical Figure 3 illustrates a modification
compris-  tube bundle exchanger with inlet at the bottom   75 ing the
addition of an ammonia injection into  in communication with the downcomer
for the first stripping stage, and              passage of liquid synthesis
product and con- Figure 4 is a modification of the layout of  nected to a
separation tank, where the separa- 15   Figure 2, with the addition of an
ammonia  don of a gas phase from  the liquid phase injection  to the first
stripping  stage.      occurs,  the separation tank having an outlet for
80 Referring to Figure 1, urea is synthetized in  gas in communication
withe inlet for re- a vertical cylindrical  reactor, equipped with  cycled
gaseous components in the reactor and sieve trays in order to maintain a
homogeneous  an outlet for liquid in communication with: 20  axial flow,
thus avoiding a back-mixing of the    (c) a second stripper comprising a
heat reaction liquid.                            exchanger, a nozzle near
the bottom   of the   85 The liquid synthesis product from the reactor
stripper for the inlet of [err]  as a stripping flows through pipe (4) due
to gravity, into a  agent, an outlet. for liquid and an outet for vertical
tube bundle heat exchanger, with inlet  gaseous components in communication
with: 25   at the bottom, heated by steam (10), where the  (d) a condenser,
the condenser having an residual carbamate is almost completely decom-
outlet for liquid in communication with the  90 posed; the decomposition
gases and a portion  inlet for recycled liquid components in the of the
excess [err]  flowing back to the reactor  reactor. through pipe (3). The
solution (6) flowing    When  the synthesis is peformed in two 30   out
from gas-liquid separatory tank (17), con-   zones the reactor is divided
into two zones, a nected  to the top of the exchanger, passes to a  fiat
zone being positioned above a second  95 second exchanger, a falling  film
stripper  zone, the two zones having inlets for a feed heated with steam
(11); in which 75% of the  stream   of  [err]  whereby NH, may be fed in
required [err]  which has been preheated, is  either zone or both zones
simultaneously, an 35  injected and removes almost all the residual  inlet
for a [err]  stream, an inlet for recycled [err].   The solutin flowing
from the bottom   gaseous components and an inlet for recycled 100 passes,
through pipe (7), to  be collected or  liquid components being positioned
near the subjected to  further conventional process steps.  bottom of the
first zone, the overflow down- The gaseous stream (9) leaving the top of
comer exngfrom the head of the first zone 40   the second stripper flows
into a condenser to-  to the bottom   of the second zone and the gether
with the purge gases ( 13) coming from   outlet for liquid synthesis
product being posi- 105 the reactor top and with a solution (8) coming
tioned near the top of the second zone. from successive process steps. The
heat of con-    Various further modifications may also be densation is
utilized for the production of  made to the apparatus. For example
thin-layer 45  sm   (12). Residual gases are purged from   heat exchangers
may be used for both the con- the condenser through pipe (14), while the
denser as well as for the first stripper, vertical 110 solution  to be
recycled to the reactor passes  tube bundle heat exchanger  (with inlet
from under gravity from the  ne ser to the reactor  the bottom) may be used
in the second strip- via pipe (5) .                               per.
Furthermore, the  two sections of the re- 50     Preheated [err]  feed is
conveyed to the re-  actor may consist of two separate reactors, pro- actor
through pipe (1). The remaining 25%   vided the first  zone is positioned
above the 115 of the required [err]  is directly fed without  other. The
use of a reactor with two overlying preheating to the reactor through pipe
(15),  sections, according  to the invention, avoids the branched off from
header (16).              bulky and cumbersome scaffoldings usually 55
The-first stripper  may alternatively be of the  required for the
superelevation of the reactors falling film  type, as indicated in Figures
3 and   with respect to the supplementary equipment 120 4. Figures 2, 3 and
4 are labelled with like  for the treatment of the effluent coming from
reference numbers' to Figure 1 and are fully  the synthesis. described in
Examples 3, 8 and 10.              When an ammonia injection is used in the



60     Therefore as well as a process for the syn-  first stripper, the
inlet is positioned in the thesis of urea the invention also provides
lower portion of the stripper as shown in Fig- 125 apparatus for use in the
process comprising  ures 3 and 4. (a) a cylindrical and vertical reactor
having  The invention will now be illustrated by the an inlet for a feed
stream of [err]  and option-  following Examples.    4
1,581,505                                      4 Example 1.
2,570 kg of CO, at [err]  through pipe (15). The following data refer to a
plant asilus-  43,609 kg of urea  solution at 190C, having trated in.
Figure 1 having an output capacity  the composition given hereinbelow,
leave the    65 of urea of 350 c/d.  urea is synthetized at    reactor
through pipe (4) to the first stripper: 5  200 kg/[err] at 190C in  a
vertical cylindrical reactor, equipped with sieve trays sited to     [err]
42.98% by weight maintain homogeneous axial flow, thus avoid-     [err]
8.00% by weight ing a back-mixing of the reaction liquid; the   [err]
16.29% by weight [err]  molar ratio in the reactor is about     urea
32.69% by weight        70 10  5:1 and the molar ratio of H [err]  is about
inerts        0.04% by weight 0.5:1. An overall yield of 75% was obtained.
The liquid product flows over through pipe  32,035 kg of urea solution at
[err].  having (4) due to gravity, into a vertical tube bundle  the
composition specified below, flow out from heat exchanger    through the
inlet at  the bottom,  the first  stripper through pipe (6) to the 15   the
heat exchanger being heated by steam (10)  second stripper:
75 up ito [err],  where the residual carbamate is almost completely
decomposed. The decom-         [err]         30.00% by    weight position
gases and a portion of excess [err]       [err]         5.00% by    weight
are recycled back to the reactor through            [err]          20.50%
by weight 20  pipe (3).                                        urea
44.50% by weight The solution (6) flowing out from gas- liquid separation
tank (17), connected to the  7,888  kg of [err]  enter the second stripper
80 top of the exchanger, passes to a second ex-  through pipe (2). 23,042
kg of urea solution changer, a falling film stripper, heated with   having
the composition indicated below flow 25   seam(11). in this second
excahnger 75% of  out at 210C therefrom: the required [err]  preheated to
[err],   removes almost all  the residual [err]  and the solution   [err]
5.97% by weight flowing out from the bottom passes, through       [err]
4.97% by weight          85 pipe (7), to further conventional process
steps.  [err]         27.20% by weight 30   In the second stripper the
temperature at the    urea        61.86% by weight top is about  [err]  and
the pressure about 200 kg/[err]. The gaseous stream (9) leaving  and 16,879
kg of vapours at [err]  having the the top of the second stripper flows
into a  following composition leave through pipe (9): condenser together
with  the purge gases (13) 35      coming   from reactor top and with a
soluton      [err]          48.79% by weight        90 .(8) coming from
successive  procesS steps,  the    [err]         49.10% by weight
condensation heat allowing the production of     [err]            1.78% by
weight steam (12).                                      inerts        0.33%
by weight Residual gases. containing inent substances 40   eg. nitrogen
are purged from the condenser  The heat requirement of the strippers are
met through pipe (), while the solution from   by passig    h  pipe (10)
5,700 kg and,  95 the condenser at 170C is recycled to the re-  through
pipe (11), 2,800  kg of saturated actor by gravity through  pipe (5).
steam at 20 kg/[err] abs. 11,800 kg of steam The preheated NH, feed is
conveyed to the  at 6 kg/[err]  abs. are generated in the carba- 45
reactor through pipe (1). The remaining  25%   mate condenser of the
required [err]  is directly fed without pre- heating to the reactor through
pipe (15),                example  2                   100 branched off
from header (16).              Example 1 was repeated utilizing, as first
The reactor is fed with:              stripper, a vertical tube-bundle,
falling film 50   7,878 kg of ammonia preheated to [err]   exchanger.
Results andogous with those of through pipe ( 1), 22,093 kg of carbamate
solu-  Example I were obtained. tion at [err]  through pipe (5), having the
following composition:                                 Example 3.
105 The data that follow refer to a  plant  as [err]        46.31% by
weight       illustrated in Figure 2 having an output cap- 



55        [err]        43.28% by weight        acity of 240 t/day of urea.
[err]        10.41% by weight          Urea was synthetized at 200 kg/[err]
and [err] in a vertical cylindrical reactor sub- 110 11,607 kg of vapours
at 200C,. through pipe  divided  into two overlying. sections fitted with
(3) having the following composition:     sieve trays to maintain a
steadily homogeneous axial flow, avoiding the back-mixing of the [err]
78.69% by weight        reaction liquid. The molar ratio [err]   in 60
[err]        16.24% by weight        the uppermost section of the reactor
was about 115 [err]         4.64% by weight        5:1 while the molar
ratio H20:CO2 was main- inerts       0.43% by weight        tained at about
0.5:1. The yield was 78%.    1,581,505
5 The intermediate  liquid synthesis product  22500 kg of urea solution at
2100C having the flowed by gravity into the underlying reactor  following
composition  below were passed from section through pipe (18), and from
this sec-  the first stripper to the second stripper through tion it was
passed through pipe (4), into a heat  pipe (6): 5  exchanger through a
bottom inlet. The heat exchanger was heated by steam  ( 10) up to
[err]            30% by weight         65 [err]  whereby the residual
carbamate was        [err]            5% by weight almost totally
decomposed, the decomposition      [err]          20.5% by weight *
gases and part of the excess [err]     being passed   urea          44.5%
byweight 10 back into the reactor through pipe (3). Sou- tion (6), which
flowed out of he bottom of  5830 kg of [err]  were introduced into the sec-
separator (17), was passed into a second  ond stripper through pipe (2).
16080 kg of  70 (thin-layer) heat exchanger, heated by steam   urea
solution at 200C having the composition (11). In this second exchanger 80%
of the  below were withdrawn  from the  second strip- 15  required [err]
preheated to [err]   removed   per via pipe (7): almost the whole residual
[err]  while the solu- tion coming from the bottom through pipe (7)
[err]           6.0% by weight was passed to further conventional steps of
the  [err]            5.0% by weight         75 process. At the top of the
second heat ex-       [err]          26.8% by weight 20  changer there was
a temperature of about         urea          62.2% byweight [err]  and a
pressure of about 200 kg/[err] . The gaseous stream leaving the head of the
together with 12,250 kg of vapours at 2000 C second exchanger was passed
into a condenser  having the composion below via pipe (9): together with
the  gases (13) coming from the 25  head of the reactor together with a
solution        [err]         47.2%by weight          80 (8) coming from
the successive steps of the           [err]         50.% by weight process.
The heat of condensation  was utilized            [err]           2.7% by
weight for the production of steam  (12). The purge of the residual gases
from the condenser was  The heat requirement  of the strippers were 30
passed through  pipe ( 14), and the solution to  met by passing 3400 kg of
saturated steam at be recycled to the reactor left the condenser  20
kg/[err]  (absolute) through pipe (10), and   85 by gavity at [err] through
the pipe (5).    1900 kg of the stam through pipe (11). The required [err]
was preheated and fed to  In the carbamate condenser 9000 kg of steam the
reactor through   pipe (1) from  header  are produced, at 6 kg/[err]
(absolutes). 35  (20); the remaining 20%  of the required C   being iey fe
without preheang, to                    Example 4. the reactor through
pipe ( 15) which branches   example  3 was repeated using as first strip-
90 from header  (16).                           per a thin-layer heat
exchanger similar to that The   r   was fed with:                  used
for the second stripping stage. Analogous 40  5670 kg of preheated ammonia
at [err]    results as in Example 3 were obtained. through pipe (l); 15330
kg of carbamate solu- tion at 170C, throughpipe (5), having the
Example 5. following composition:                       Example 3 was
repeated, feeding the whole  95 preheated [err]  (at [err]  to the base of
the [err]          44.1% by weight           lower secontion of the
reactor, through pipe (19). 45         [err]         45.3%by weight
It was thus possible to attain a molar ratio [err]          10.6% by weight
[err]  in the lower section of 7:1, thereby obtaining an 80% conversion
yield.       100 7110 kg of vapours at [err] through pipe (3), having the
following  composition:                   Example 6. 



Example 5 was repeated using as first strip- [err]          80.5% by weight
per a vertical tube bundle heat exchanger of 50          [err]      13.3%by
weight             the falling film type, having an inlet for the [err]
6.2% by weight, and    liquid synthesis product from the reactor fitted 105
in the head of the heat exchanger and an outlet 1500 kg of [err] , at [err]
through pipe (15).  for the treated liquid, connected to pipe (6), From the
reactor, through    pipe (4), a flow of  in the lower portion of the heat
exchanger. 29610 kg of urea solution at [err]  having   Results analogous
to those of Example 5 were 55  the  following composition was passed to the
obtained.                              110 first stripper: Example 7. [err]
42.4% by weight           Example 4 was repeated, passing 45% of the [err]
6.9% by weight         preheated ammonia feed (at [err] to the [err]
17.1% by weight         base of the lower reacion section, while the 60
urea         33.8% byweight          remaining part (was conveyed (at [err]
to 115    6                                         1,581,505
6 the base of the uppermost  section. Results were  2,537 kg of [err]  at
[err]  through pipe (15). obtained which were intermediate those of  43,593
kg of urea solution at 190C, having Example 4 and Example 6.
the composition given below, left the reactor  65 example 8.
through pipe (4) to the first stripper. 5     The followig data refer to a
plant according [err]               43.0% by weight to Figure 3 havng an
oup  capacity of 350       [err]             8.0% by weight t/d of urea.
Urea was synthezed at 200          [err]          16.3% by weight kg/cm'
and at 190C in a vertical cylindrical    urea          32.7% by weight
reactor, supplied with sieve tayst
70 10   tain a homogeneous axial flow, thus avoiding a back mixing  of the
reaction liquid.  the  3,939 kg of ammonia preheated at [err]   was passed
to  the first stripper and 34,523 kg of 5:1  and  the [err]  molar ratio
was about        urea solution having the composition  below was removed
from the first stripper and passed 0.5 :. The intermediate liquid
synthesis pro-     to the second stripper via pipe (6):           75 15
duct flowed by gravity, through pipe (4) into a vertical  tube bundle heat
exchanger, heated by   [err]          35.0% by weight steam (l0) up to
210[err], whereby the residual    [err]          4.6% by weight carbamate
was almost completely decomposed,        [err]           19.0% by weight
with the aid of stream of ammonia (21) pre-         urea         41.4%
bywight 20  heated at 200C, equal to 50%  of stoichio- metric need. The
decomposition gases  and a portion of  the NH, excess were recycled back
7,847 kg of [err] were injected into the second     80 to the reactor
through pipe (3). the   solution    stripper  through pipe (2), and, 23,043
kg of urea solution having the composition  indicated (6) was passed to a
second exchanger, a falling     below were removed at [err] through pipe
gh pipe 25   film  stripper,  heated with steam ( iI). 75%
(7) of the [err] required for synthesis, and pre- heated to [err] was
passed into the second          [err]            6.0% by  weight         85
exchanger whereby almost all   the residual          [err]            5.0%
by weight [err]  was removed and the solution flowing         [err]
27.1% by weight 30   our  from the bottom passed through pipe (7),
urea          61.9%   by weight to further conventional  process steps.  in
the second stripper  the  temperature at the top was about [err]  and the
pressure about 200      together with 19,328 kg of vapours at [err]
kg/[err].  the gaseous strteam (9) leaving the    through pipe (9) having
the following composition: 35  top of the second stripper was passed into a
condenser together with the gases (13) coming      [err]          55.7% by
weight from the reactor top and with a solution  ( 8)     [err]
42.7% by weight coming from successive process    steps. The heat  [err]
1.6% by weight of condensation was utilized in the production 40  of steam
(12). Residual gases were purged  the heat requirement of the strippers was
met           95 from the  condenser through pipe (14), while  by  passing
6,300 kg of saturated stream   at the solution was recycled to the reactor
from  20 kg/[err]  abs. through pipe (10) and 2,600 



the condenser at [err]  through pipe. (5)  kg of the steam through pipe
(11). 12,000 kg under gravity.  The remaining 50% portion  of   of steam at
6 kg/[err] abs. were generated in 45  the [err] feed, preheated at [err]
was con-          the carbamate condenser. the overall conver- veyed to the
reactor through pipe (1), and the      sion yield was comparable to that of
remaining 25% of the required [err] is directly    example 1 fed without
preheating to the reactor through pipe (15), branched off fom header (16).
example   9 50     The reactor  was fed with:                   Example 8
was repeated by feeding 100% 3,939 kg of  ammonia preheated at [err],
of the required [err] to thee second stripper. 105 through pipe  (1);
24,778 kg of carbamate    Resuts analogous with those of Example 8 solution
at [err] through pipe (5), having were obtained. the following composition:
55      [err]           51.7%by weight                      Example 10.
[err]         39.0% by weight          The following  data  refer to a
plant in [err]          9.3% by weight         accordance with Figure 4
having an output of 110 240 t/day of urea. Urea was synthenized at 13,008
kg of vapours at 210C, through pipe 200 kg/[err] and at 190C, in a vertical
cylin- (3), having the following composition:   drial reactor suvided into
two overlying sections fitted with sieve trays which maintain 60
[err]          81.3% by weight       a homogeneous axial flow, avoiding die
back- 115 [err]         14.5% by weight       mixing of the reaction
liquid. The molar ratio [err]          4.2% by weight and   [err]  in the
upper section of the reactor    7
1,581,505                                      7 was about 5:1, while the
molar ratio [err]      [err]          42.2% by weight was about 0.5:1. The
intermediate liquid syn-    [err]          6.9% by weight thesis product
flowed under gravity into the    [err]          17.1% by weight underlying
section through pipe (18) and from     urea          33.8% by weight S
there passed, through pipe    (4), after a resi- dence time of about 6
minutes,  into a vertical,  A stream of 2,670 kg of ammonia, preheated  65
thin-layer tube bundle heat exchanger of the  at [err] entered  through
pipe (21) into the falling film  type. The heat exchanger was  first
stripper and 23,380 kg of urea solution heated with steam up to 210C, and
the res   having  the composition below were passed 10  idual cabamate was
almost totally decom-  from the first stripper to the second stripper
posed, with the aid of an ammonia stream   via pipe (6):
70 (21), preheated at 180C, equivalent to about 50%  of the stoichiometric
requirement of        [err]         32.1% by weight [err] The decomposition
gases and part of the     [err]            4.3% by weight 15  excess [err]
was passed back to the reactor        [err]         20.8% by weight through
pipe (3). Solution (6), flowed out       urea         42.8% by weight
through the bottom of the bet exchanger and was passed into a second heat
exchanger, of  5,830 kg of [err]  were introduced into the sec- 75 the
thin-layer type, heated with steam (11). in   ond stripper through pipe
(2), and 16,080 kg 20  the second heat exchanger about 80% of the  of urea
solution at 200C having the com- [err]  requirement, preheated at [err]
removed   position below wee removed trough pipe (7): almost the whole
residual NHs and the solution fiowing out of the bottom passed through pipe
[err]           6.0% by weight (7) to further conventional process steps.
[err]        5.0% by weight          80 25  In  e second heat exchanger the
temperature    [err]          26.8% by weight at the top was about [err]
and a pressre was      uRea         62.2% by weight about 200 kg/[err]. The
gaseous stream (9) leaving the top of the second heat exchanger  and 13,130
kg of vapours at [err]  having the passed to a condenser together with
purge  composition below were removed through pipe 30  gases (13) coming
from  ithe head of the   (9):                                       85
reactor and with a solution (8) coming from further steps of the process.
The condensation    [err]          51.7% by weight heat was utilized in the
production of steam      [err]         45.6% by weight (.12). The residual
gases are purged through    [err]           2.3% by weight 35  pipe ( 14)
while the solution, was recycled back to the reactor from the condenser at
The heat requirements of the strippers were 170C through pipe (5). The
whole remain-     met by  passing  3,600 kg of saturated steam at     90
iag part of the [err] feed preheated at 140C   20 kg/[err]  (absolute)
through  pipe (10) and 



was introduced to the reactor through pipe   2,000 kg of the steam through
pipe (11) res- 40  (1). The residual 20%  of the required [err]  pectively.
The condenser produced 9,200 kg of was directly fed into the reactor
without any    steam  at 6 kg/[err (absolute). The whole preheating through
pipe (15), branched from   conversion yield in the reactor was about 78%.
95 header ( 16). The reactor was fed with: 3,000 kg of preheated ammonia at
140C,                  Example 11. 45  through pipe (1);  16,210 kg of
carbamate      Example 10 was repeated feeding 100% of solution at [err]
through pipe (5), having  the [err] into the second stripper.  Results the
following composition:                 virtualy the same as in Example 10
were obtained.                                    100 [err]          47.8%
by weight [err]          42.1% by weit                         Example 12.
50       [err]           10.1% by weight                   example 10 was
repeated by  feeding 50% of the [err] feed preheated at 170C to the 8,900
kg of vapours at [err] through pipe base of the lower section of the
reactor, through (3), of the  following composition:            pipe (19);
to attain a molar ratio [err]      105 in  the  lower section equal to 7:
1. A yield of about 80% was obtained. [err]         83.2% by weight [err]
11.9% by weight                         Example 13. 55       [err]
4.9% by weight          Example 10 was repeated, feeding 25% of the ammonia
feed preheated at 170C to the 110 1500 kg of[err] at [err] through pipe
(15).  base of the lower section of  the reactor and the From the reactor,
29,610 kg of urea solution  same quantity of ammonia preheated at [err] at
190C, having the composition below were  to the base of  the upper section.
Results lying withdrawn through pipe (4) and introduced  between the
results of Example 10 and those 60  into the first stripper:
of Example 12 were obtained.              115    8
1,581,505 8 WHAT WE CLAIM  IS:-                      stages being fed into
the first zone in which the 1. A process for the synthesis of urea accord-
dehydration of a major portion of the carba- ing to the reaction scheme:
mate to urea is performed, and further de-  65 hydration of  the carbamate
to urea is carried [err] + [err]                out until substantially
reaching the equilibrium [err] + [err              level is performed in
the second zone, operat- ing at a molar ratio of [err]  equal to or in
which ammonia and carbon dioxide are  higher than that in the first zone.
70 reacted with a [err] ratio in the range     12. A process as claimed in
claim  11 in from 2.5:1 to 10:1 to form a liquid synthesis  which. the
molar ratio of [err] is from 4 product, the liquid synthesis product
being  to 7:1 in the first zone and from 5 to 8:1 in subjected to a  st
treatment stage in which  the second zone. 10  it is heated whereby
substantially all  of the     13. A process as claimed in claim 11 of  75
carbamate present is decomposed and the  claim 12 in which the excess
ammonia stripped decomposition  gases together  with a portion  in the
first treatment stage is fed to  the first of the excess anonia are
recycled .to the  zone, an intermediate value of the molar ratio synthesis
stage and thereafter the liquid syn-  of [err] of from .5:1 to 8:1, being
15  thesis product is subjected to a second treat-  obtained in the second
zone by feeding a por-  80 ment stage in which  it is contacted with carbon
tion of preheated ammonia feed to the- first dioxide and heated to remove
the remaining  zone and a portion of preheated ammonia excess ammonia, the
resulting solution of urea   feed to the second zone. is collected and the
gas phase from the second  14. A process as caimed in claim  13 in 20
treatment is condensed (and residual. gases  which the temperature of the
[err] feed to the  85 purged) before being  recycled n the liquid  second
zone is higher than the temperature of. phase to the synthesis stage, the
synthesis re-  the [err]  feed to the first zone. action and the. first and
second treatments    15. A process according to claim 1 which is being
conducted at substantially the same  carried out in apparatus comprising:.-
25  pressure.                                        (a) a cylindrical and
verical  reactor having   go 2. A process as claimed in claim 1, in which
an inlet for a feed stream of [err] and option- the synthesis temperature
is from  170 to  ally an inlet for a feed stream of [err] an inlet. 205C.
for recyled liquid components, an inlet  for re- 3. A process as claimed in
claim 2 in which  cycled gaseous components, a purge nozzle at 



30  the synthesis temperature is from  180 to   e reator top for removal of
unwanted gas,  95 200C                                      an overflow
downcomer extending from the 4. A process as claimed in any preceding  head
of the reactor to the bottom of the reactor claim in which the synthesis
pressure is from   for passage of liquid synthesis product and an 100 to
250 kg/[err]                         outlet for liquid synthesis product in
communi- 35    5. A process as claimed in claim 4 in which  cation  with
100 the synthesis pressure is from  180 to 225    (b) a first stripper,
comprising a. vertical Kg/[err]                                   tube
bundle exchanger with an inlet at the 6. A process as claimed in any
preceding  bottom in communication with the downcomer claim in which  the
ammonia feed to the syn-  for passage of liquid synthesis product and 40
thesis stage is preheated.                  connected to   a separation
tank, where the 105 7. A  process as claimed in any preceding  separationof
agas phase from the liquid phase claim in which the [err] stream, fed to
the  occurs,  the separation tank having an outlet for second treatment
stage, is from .10 to 100%   gas in communication with the inlet for re- of
the C02 synthesis requirement.          cycled gaseous components in the
reactor and 45     S. A process as daimed in claim 7, in which  an outlet
for liquid in communication with    110 the [err] stream, fed to the second
treatment    (c) a second stripper, comprising a heat ex- stage is from 50
to 90% of the [err] synthesis  changer,  a nozzle near the bottom of the
strip- requirement,  the remaining part being fed  per for the inlet of
[err] as a stripping agent, an directly to the synthesis stage or to the
first outlet for liquid and an outlet for gaseous com- 50 reatment stage
ponents in communication with               115 9. A  procss as -claimed in
any preceding    (d) a condenser,  the condenser having an claim in which
ammonia is injected into the  outlet for liquid in communication with the
liquid synthesis product in the first treatment  inlet for recycled liquid
components in the stage.                                     reactor. 55
10. A process as claimed in any preceding    16. A process as claimed in
claim  15 in 120 claim in  which the molar ratio of [err]      which the
reactor is divided into two zones, a during the synthesis is from 4 to 7:1.
first zone being positioned above a second 11. A process as claimed in any
preceding  zone, the two zones  having inlets  for a feed claim in which
the synthesis of urea is carried  stream of [err] whereby NHs may be fed in
60  out in  two zones,  the first zone being positioned  either zone or
both zones simultaineously,  an 125 above the second zone, the recycled
com-  inlet for a C02 stream, an inlet for recycled ponents from the first
and second treatment gaseous components and an inlet for recycled    9
1,581,505 liquid components being positioned near the    stantially as
herein described with reference  to bottom of the first zone, the overflow
down-              any of the accompanying  drawings. comer extending from
the  head of the first    20. A process for the synthesis of urea sub- zone
to he bottom of the second zone and the  stantially as herein described
with referenc to 5  outlet for liquid synthesis product being -   any one
of  the examples. tioned near the top of the second zone.        21. urea
when prepared by a process as     20 17. A process as dairned in claim  15
or   lafned in any preceding clim. claim 16 in which the first stripper
includes a thin-layer heat exchanger.                              For the
Applicants: 10     18. A process as claimed in claim  17 in      LLOYD
WISE, BOULY & HAIG, which the first stripper additionally comprises
Chartered Patent Agents, an inlet in the lower portion for injection of
norman house, ammonia or C0.
105-109 Strand, 19. A process for the synthesis of urea sub-        London
WC2R OAE. Printed for Her Majesty's Stationery Office by the Courier Press,
Leamington Spa, 1980. Published by the Patent Office, 25 Southampton
Buildings, London, WC2A lAY, from which copies may be obtained.    


