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57 ABSTRACT 
In a urea synthesis process, the reaction product from 
the reaction vessel is flowed in series through high 
pressure, medium pressure and low pressure decompos 
ing and stripping devices to decompose ammonium 
carbamate to NH3 gas, CO2 gas and water vapor, and to 
remove those gases and unreacted starting materials 
from the aqueous urea solution. CO2 gas is used as the 
stripping gas in the decomposing and stripping devices. 

1 Claim, 1 Drawing Figure 
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1. 

PROCESS FOR PREPARATION OF UREA 

The present invention relates to a process for the 
preparation of urea. 

It is a primary object of the present invention to pro 
vide an improved urea synthesis process in which un 
converted reaction product substances, that is, sub 
stances which are not converted to urea, particularly 
ammonium carbamate, are decomposed at a high effi 
ciency and the decomposition products are returned to 
the urea synthesis reactor, and wherein the equipment 
costs and the utility costs (electric power, steam and 
water) for the total urea synthesis process are reduced. 
As is well known, urea is synthesized by reacting 

NH3 and CO2, as starting materials, under high pressure 
and high temperature conditions, in the presence of an 
excess amount of NH3, to form ammonium carbamate 
and the thus-formed ammonium carbamate is dehy 
drated to obtain urea. 
These reactions are represented by the following two 

reaction schemes: 

2NH3+ CONH2COONH4 (1) 

NH2COONH2NH2CONH2 + H2O (2) 

In the dehydration reaction represented by the 
scheme (2), the actual conversion is determined by an 
attainment ratio of the equilibrium conversion which is 
variable depending on reaction conditions such as the 
temperature, the pressure, the residence time and the 
composition of the starting materials. This conversion is 
in the range of 50 to 75% when the synthesis is con 
ducted on an industrial scale. 
As a method for separating unconverted substances, 

namely, substances other than urea and water, from the 
effluent from the reaction vessel, which effluent is a 
mixture of urea, ammonium carbamate, excess ammonia 
and water, there has heretofore been adopted a method 
in which the pressure of the effluent from the reaction 
vessel is reduced and the effluent is heated to decom 
pose the ammonium carbamate, as the principal uncon 
verted substance, to NH3 and CO2, such NH3 and CO2 
are separated in the gaseous state from the urea solution 
together with the excess NH3, the gaseous mixture of 
NH3 and CO2 is absorbed in a solution provided at a low 
pressure, ammonium carbamate decomposing and re 
covering step subsequent to the high pressure, uncon 
verted product decomposing step and the thus-obtained 
solution is returned to the reaction vessel. 

In this conventional method, since the temperature 
level during the step of decomposing ammonium carba 
mate is low, there is caused the disadvantage that the 
thermal recovery is limited qualitatively and quantita 
tively. In order to compensate for this disadvantage, the 
operation conditions in the reaction vessel are con 
trolled so as to maintain the above-mentioned actual 
conversion at a high level. 
As another conventional method, there can be men 

tioned a method in which the liquid effluent from the 
reaction vessel is caused to flow in gas-liquid contact 
with gaseous NH3 or CO2 directly and without reduc 
tion of the pressure, in a high pressure decomposing and 
stripping vessel. Substantially all of the unconverted 
ammonium carbamate is decomposed and separated 
from the liquid phase together with the excess NH3, and 
the separated and recovered gaseous mixture is con 
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2 
densed together with the starting material gas used as 
the stripping gas and is returned to the reaction vessel. 
According to this conventional stripping method, the 
treatment for the decomposition of ammonium carba 
mate and separation and recovery of the gaseous de 
composition products is performed under substantially 
the same pressure as the pressure in the reaction vessel 
and the operation temperature in the step of recovering 
the gaseous mixture formed by the decomposition is 
high. Therefore, the heat content of the ammonium 
carbamate at the recovering step can be utilized for the 
formation of low pressure steam. In this conventional 
stripping method, the starting steam necessary for the 
synthesis of urea should be maintained at a higher tem 
perature and pressure than in the first-mentioned, con 
ventional pressure reduction method and the necessary 
amount of steam is larger than in the first-mentioned 
pressure reduction method, but since low pressure 
steam is recovered during the step of decomposition of 
ammonium carbamate, as pointed out above, the disad 
vantage that high temperature and high pressure start 
ing steam must be used in a large quantity will be at least 
partially ameliorated. 
According to this conventional stripping method 

using NH3 or CO2 as a stripping gas, if the temperature 
in the decomposing and stripping device is not substan 
tially equal to or higher than the temperature in the 
reaction vessel, decomposition is impossible because of 
the equilibrium relation. If the operation is carried out 
at high temperature for promoting decomposition of the 
unconverted substances, the decomposing and stripping 
device is subjected to highly corrosive conditions be 
cause of the presence of highly corrosive ammonium 
carbamate maintained at a high temperature. Accord 
ingly, the operation temperature of the decomposing 
and stripping device is restricted by the corrosion resis 
tance of the material of which the decomposing and 
stripping device is made and it is not permissible to 
elevate the operation temperature sufficiently. 

Moreover, if the NH3/CO2 molar ratio in the mixture 
of NH3, CO2 and H2O is increased so as to improve the 
actual conversion to urea, the pressure and temperature 
in the reaction vessel are increased and also the temper 
ature in the decomposing and stripping device is inevi 
tably elevated. 

Therefore, when the conventional decomposing and 
stripping method is used, the operation temperature in 
the reaction vessel is maintained at a relatively low level 
and the NH3/CO2 molar ratio in the starting material 
mixture is maintained at a relatively low level. As a 
result, the conversion achieved in the reaction vessel is 
low and corresponds to 55 to 60% of the conversion 
attainable in the first above-mentioned conventional 
pressure-reducing method. 

This fact means that large quantities of unconverted 
substances and starting materials are present in the high 
pressure system which includes the reaction vessel, the 
decomposing and stripping device and the device for 
dissolving the decomposition gases. In other words, the 
efficiency of the urea production equipment is reduced. 
If only the NH3 and CO2 that are present and recycled 
in the system are taken into account, the formation, 
decomposition, re-formation and re-decomposition of 
unconverted products are repeated within a very expen 
sive high pressure system. Low pressure steam of a low 
economic value is formed as a by-product, in a large 
quantity, during the formation and re-formation of un 
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converted products, while high pressure steam of a 
higher economic value is consumed in a large quantity 
during the decomposition and re-decomposition of un 
converted products and the unconverted products are 
not converted to the desired urea. Consumption of a 
large quantity of high pressure steam and formation of a 
large quantity of low pressure steam as a by-product are 
disadvantageous from the industrial viewpoint. Forma 
tion of a large quantity of low pressure steam that can 
not be utilized in the urea production equipment results 
in a complete energy loss unless a large quantity of low 
pressure steam can otherwise be used in a different 
process located in the vicinity of the urea production 
system, when this conventional decomposing and strip 
ping method is used. 
Moreover, the presence and recycling of ammonium 

carbamate not converted to urea in the expensive high 
pressure system result in increases of the equipment cost 
and power expense. 

In order to increase the operation efficiency of the 
urea synthesis process, it is important to improve the 
conversion to the desired urea product. As means for 
improving the conversion to urea, there can be men 
tioned the following methods. 

(1) To elevate the operation temperature and pressure 
in the reaction vessel. 

(2) To increase the NH3/CO2 molar ratio in the start 
ing material mixture fed into the reaction vessel. 

(3) To decrease the H2O/CO2 molar ratio in the start 
ing material mixture fed into the reaction vessel. 

As pointed out hereinbefore, in the conventional 
decomposing and stripping method, the temperature 
and pressure in the reaction vessel and the NH3/CO2 
molar ratio in the starting material mixture are as low as 
180° C., 140 Kg/cm2G and 2.8, respectively, when the 
method is carried out on an industrial scale. Accord 
ingly, the conversion to urea is low and the amount of 
the unconverted product in the effluent from the reac 
tion vessel is very large. Therefore, the quantity of high 
pressure steam necessary for effecting decomposition of 
the unconverted product is inevitably increased, and a 
large quantity of low pressure steam is formed as a 
by-product during the step of condensing the gaseous 
mixture formed by the decomposition in order to recy 
cle such decomposition product to the reaction vessel. 
Increase of the NH3/CO2 molar ratio is important for 
improving the conversion to urea. In the conventional 
decomposing and stripping method, however, because 
the ratio of decomposition of ammonium carbamate to 
NH3 and CO2 in the decomposing and stripping device 
is reduced and the amount of NH3 left in the liquid 
phase is increased if the NH3/CO2 molar ratio is in 
creased, good results cannot be obtained, and the use of 
a large quantity of high temperature, high pressure 
steam is necessary to eliminate this disadvantage. 

In the conventional decomposing and stripping 
method, decomposition of substantially all of the ammo 
nium carbamate and evaporation of excess NH3 are 
performed in the decomposing and stripping device 
which is maintained at a high pressure and the load on 
the subsequent steps, such as the step of removing un 
converted substances from the urea solution, is reduced. 
Accordingly, in the conventional decomposing and 
stripping method, reduction of the decomposition and 
removal efficiency in the decomposing and stripping 
device by increasing the NH3/CO2 molar ratio in the 
reaction vessel results in serious disadvantages. 
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4. 
Therefore, although it is possible to improve the con 

version to urea by increasing the NH3/CO2 molar ratio, 
this technique cannot be adopted in combination with 
the conventional decomposing and stripping method. 
We have discovered the process of the present inven 

tion in which the causes of the major and minor disad 
vantages involved in the conventional methods are 
overcome and unexpectedly good results are obtained. 

In the process of the present invention, the tempera 
ture, pressure and NH3/CO2 molar ratio in the reaction 
vessel are maintained at high levels so as to attain a high 
conversion to urea, the amount of unconverted prod 
ucts present in the reactor effluent is controlled, and the 
decomposing and stripping treatment and the treatment 
for condensing and recovering the gaseous mixture 
formed by the decomposition are performed in a multi 
stage manner so that the total load is appropriately 
distributed to high pressure, medium pressure and low 
pressure stages, and the amount of low pressure steam 
of a low value produced as a by-product is remarkably 
reduced, whereby the operation efficiency of the urea 
synthesis process as a whole is remarkably improved. 

In the process of the present invention, specific urea 
synthesis conditions, that cannot be adopted in the con 
ventional decomposing and stripping method, are espe 
cially chosen and adopted. Also the amounts of uncon 
verted ammonium carbamate and residual excess am 
monium in the effluents from the high pressure, medium 
pressure and low pressure decomposing stripping stages 
are controlled to specific levels. 

In the multi-stage decomposing and stripping process 
of the present invention, specific amounts of CO2 are 
introduced into the respective decomposing and strip 
ping devices so as to improve the efficiency of the de 
composing of the unconverted product in each of the 
decomposing and stripping devices of the high pressure, 
medium pressure and low pressure stages, and to reduce 
the amount of water in the solution recovered at the 
step of condensing and recovering the gaseous mixture 
formed by the decomposition and stripping. 

In the process of the present invention, the following 
conditions should be maintained in the reaction vessel: 

(1) A temperature of 180 to 200° C. and a pressure of 
150 to 250 Kg/cm2G. 

(2) NH3/CO2 molar ratio of 3.0 to 4.0. 
If the above reaction conditions are not maintained in 

the reaction vessel, the conversion to urea is reduced 
and the amount of high pressure steam consumed for 
decomposition in the decomposing and stripping device 
is increased, resulting in an increase of the urea manu 
facturing cost. 
The effluent from the reaction vessel is introduced in 

a high pressure decomposing and stripping device at the 
upper portion thereof. As the high pressure decompos 
ing and stripping device, there can be employed a film 
type multi-tubular heat exchanger, a plate column type 
gas-liquid contact apparatus or other conventional gas 
liquid contact apparatus. A part of the CO2 gas, in 
tended eventually to be used as a reactant material for 
the urea synthesis process, is introduced into the high 
pressure decomposing and stripping device at the lower 
portion thereof. 
The pressure in the high pressure decomposing and 

stripping device is maintained at the same level as the 
pressure in the reaction vessel. Accordingly, in the high 
pressure stage, decomposition is not achieved by reduc 
tion of the pressure, but rather, decomposition and sepa 
ration of the unconverted substances and evaporation 
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and separation of excess NH3 are performed by heating 
and by the stripping treatment with the CO2 gas. The 
ratio of decomposition achieved in this high pressure 
decomposing and stripping device is controlled to be at 
a level lower than the decomposition ratio achieved in 
the conventional stripping method, and a predeter 
mined amount of the unconverted substance is left in the 
effluent from the high pressure decomposing and strip 
ping device. Therefore, the operation temperature for 
the decomposition and stripping in the high pressure 
device can be maintained at a level lower than in the 
conventional stripping method. Therefore, a less costly 
construction material can be used for making the high 
temperature and high pressure decomposing and strip 
ping device which is exposed to highly corrosive am 
monium carbamate at a high concentration or, alterna 
tively, the useful operating life of the device can be 
prolonged. Accordingly, a great advantage can be at 
tained with respect to the material of which the high 
pressure decomposing and stripping device is made. 

In the process of the present invention, the reaction 
conditions in the reactor are controlled so as to obtain a 
high conversion to urea, and the amount of the uncon 
verted substances supplied to the high pressure decom 
posing and stripping device can be reduced. Moreover, 
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the decomposition ratio of the unconverted product 
achieved in the high pressure decomposition and strip 
ping stage is reduced. Therefore, the amount of high 
pressure steam consumed at this stage can be remark 
ably reduced, and the disadvantage of loss of energy 
caused by formation of an excessive amount of low 
pressure steam, having little or no practical utility, can 
be moderated or eliminated. 
The liquid effluent from the high pressure decompos 

ing and stripping device is introduced into a subsequent 
medium pressure decomposing and stripping device 
wherein the operation pressure is maintained at 15 to 25 
Kg/cm2G. The pressure of the effluent is thereby re 
duced and the effluent is heated in the presence of an 
other part of the CO2 reactant gas, which is introduced 
here as a stripping gas. The unconverted product, that 
is, ammonium carbamate, is subjected to the second 
stage decomposition treatment and is separated from 
the liquid phase. 
The CO2 gas introduced into this medium pressure 

decomposing and stripping stage is effective for reduc 
ing the load on the subsequent low pressure decompos 
ing and stripping stage. This CO2 gas also exerts an 
effect of reducing the amount of water necessary for 
condensing and recovering the decomposition gas 
formed at this stage by decomposition of the uncon 
verted product and thereby reducing the amount of 
water returned to the reaction vessel. 
The heat used at this stage is effectively recovered 

when the decomposition gas formed at this stage is 
condensed and recovered and the recovered heat can be 
effectively used for concentration of the aqueous solu 
tion of urea that is obtained as the final product. 
The effluent from the medium pressure decomposing 

30 

35 

45 

50 

55 

and stripping stage is introduced into a low pressure 60 
decomposing and stripping stage, the pressure of the 
effluent is reduced and the effluent is heated in the pres 
ence of the remainder of the CO2 reactant gas, intro 
duced as a stripping gas, whereby the small amount of 
remaining unconverted product can be completely de 
composed and removed. 

In this low pressure decomposing and stripping stage, 
the CO2 gas exerts the same effects as mentioned above 

65 

6 
with respect to the medium pressure decomposing and 
stripping stage. 
The heat necessary to be supplied to this low pressure 

decomposing and stripping stage is supplied from low 
pressure steam formed as a by-product when the de 
composition gas formed at the high pressure decompos 
ing and stripping stage is condensed. 

BRIEF DESCRIPTION OF THE DRAWING 

The drawing is a flow sheet diagrammatically illus 
trating the process of the invention. 
The process of the present invention will now be 

described in detail by reference to the drawing. 
A stream of NH3 liquid is fed through a pipe 8 and a 

stream of recovered solution is fed from a high pressure 
condenser 3 through a pipe 13 into a urea-synthesis 
reaction vessel 1. In the reaction vessel 1, reaction con 
ditions of a temperature of 180 to 200° C. and a pres 
sure of 150 to 250 Kg/cm2G are maintained. 

In the starting materials fed into the reaction vessel 1, 
the NH3/CO2 molar ratio is maintained in the range of 
3/1 to 4/1 and the H2O/CO2 molar ratio is from 0.3/1 
to 0.6/1. 
The effluent from the reaction vessel 1 is fed through 

a pipe 10 into the upper portion of a first, high pressure, 
decomposing and stripping device 2. 
A portion of the starting material CO2 gas is intro 

duced into the lower portion of the first, high pressure, 
decomposing and stripping device 2 through a pipe 9 
and is caused to flow upwardly in said device in gas-liq 
uid contact with the effluent from the reaction vessel 1, 
which effluent is supplied from the pipe 10 and is 
flowed downwardly in the device 2 in the form of a thin 
film. 
The high pressure decomposing and stripping device 

2 is heated by high pressure steam supplied through a 
pipe 19. 
The gas mixture formed and separated by stripping 

the effluent from the reaction vessel 1 with CO2 gas in 
the first, high pressure, decomposing and stripping de 
vice 2 is removed from the upper end of said device 2 
and is introduced through a pipe 11 into the high pres 
sure condenser 3. 
A part of the ammonium carbamate present in the 

effluent from the reactor 1 is decomposed in the first, 
high pressure, decomposing and stripping device 2. The 
effluent discharged from the lower end of said first 
device 2 is fed into a second, medium pressure, decom 
posing and stripping device 4 through a pipe 12 while 
the pressure thereon is reduced. In the effluent from the 
first device 2, the combined content of NH3 and CO2, 
other than the NH3 and CO2 present in combined form 
as urea, is adjusted to be 15 to 25% by weight. If this 
content is lower than 15% by weight, the amount of 
decomposition achieved in the second, medium pres 
sure, decomposing and stripping device 4 is reduced, 
and the quantity of heat discharged in the medium pres 
sure condenser 5 is reduced and the amount of heat 
imparted to the crystalline urea-containing aqueous 
solution becomes insufficient. If the above content is 
higher than 25% by weight, the heat removed by the 
medium pressure condenser 5 becomes excessive and it 
is wastefully discarded by excessive heating of the cool 
ing water or the like. 

In the high pressure condenser 3, the gaseous mixture 
supplied through the pipe 11 is mixed with the recov 
ered solution supplied through the pipe 17 and is con 
densed therein to form ammonium carbamate again and 
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to increase the content of ammonium carbamate in the 
recovered solution. Then, the recovered solution is fed 
into the reaction vessel 1 through the pipe 13. 
Low pressure steam is obtained from the high pres 

sure condenser 3 through the pipe 16, but the amount of 
this low pressure steam is much smaller than in the 
conventional method. 

In the second, medium pressure, decomposing and 
stripping device 4, under temperature and pressure 
conditions of 150” to 170° C. and 15 to 25 Kg/cm2G, 
respectively, the urea-containing solution (effluent from 
first device 2) is subjected to a second decomposing and 
stripping treatment by supplying another portion of the 
starting CO2 gas through a pipe 21. The urea-containing 
solution is stripped by that CO2 gas so that the com 
bined content of NH3 and CO2, other than that present 
in combined form as urea, is further reduced to be in the 
range of 5 to 15% by weight. The liquid effluent (urea 
solution) reaching the lower end of the second device 4 
is fed to a third, low pressure, decomposing and strip 
ping device 23 through a pipe 14 while the pressure of 
the urea solution is reduced. 

If the operation temperature in the medium pressure 
decomposing and stripping device 4 is lower than 150 
C., the decomposition efficiency is reduced and if the 
operation temperature is higher than 70 C., the sensi 
ble heat of the effluent from the high pressure decom 
posing and stripping device 2 cannot be effectively 
utilized and the amount of high pressure steam neces 
sary for heating the medium pressure decomposing and 
stripping device is increased. 
The gaseous mixture formed by decomposition in the 

second, medium pressure, decomposing and stripping 
device 4 is introduced into the medium pressure con 
denser 5, and it is mixed therein with the recovered 
solution fed from a gas absorber 6 through a pipe 29 and 
is condensed. 
The pressure of the effluent from the medium pres 

sure condenser 5 is elevated by a pump 7 and the efflu 
ent is fed into the high pressure condenser 3 through the 
pipe 17. 
The heat content of the gas fed into the medium 

pressure condenser 5 is transferred to a crystalline urea 
containing aqueous solution supplied through a pipe 20. 
The gaseous mixture discharged from the upper end 

of the medium pressure condenser 5 is introduced into 
the absorber 6 and is collected in the recovered solution 
fed into said absorber through the pipe 15, and is then 
returned to the medium pressure condenser 5 through 
the pipe 29. 
The operation temperature in the medium pressure 

condenser 5 is controlled to be from 80 to 100 C. and 
the heat is effectively utilized for effecting concentra 
tion of the aqueous solution of urea supplied through 
pipe 20 at the step subsequent to the second decompos 
ing and stripping step. 

In the third, low pressure, decomposing and stripping 
device 23, the liquid effluent from the lower end of the 
second, medium pressure, decomposing and stripping 
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8 
duced into a low pressure condenser 24 and is absorbed 
in water or a dilute aqueous solution of urea fed in 
through a pipe 27 as an absorbing medium, and the 
resulting solution is fed to the gas absorber 6 by means 
of a pump 28. 

In the process of the present invention, the actual 
conversion of CO2 to urea in the reaction vessel 1 is 
made close to the equilibrium conversion. The amount 
of high pressure steam required for effecting decompo 
sition and separation of the unconverted products can 
be minimized according to the present invention, and it 
is as small as 0.32 ton of steam per ton of produced urea. 
The minimum consumption of high pressure steam in 
the conventional method is about 1 ton of steam per ton 
of produced urea. 
Moreover, in the process of the present invention, 

since some of the unconverted product is allowed to 
pass into the downstream stages and the operation tem 
perature in the first, high pressure, decomposing and 
stripping device 2 is relatively low, the amount of NH3 
left in the liquid phase is increased and the formation 
ratio of biuret can be reduced. For example, if the rela 
tive value of the biuret formation ratio at 180° C. is 
assigned the arbitrary value of 100, then the relative 
value of the biuret formation ratio at 170° C. is 65. Thus, 
by maintaining a lower temperature in the high pressure 
device 2, the amount of biuret formed can be reduced. 

In the process of the present invention, since the 
starting CO2 gas intended eventually to be used in the 
urea synthesis reaction is additionally used as a stripping 
gas and it is divided and distributed into the respective 
stages of the multi-stage decomposing and stripping 
treatment, the content of H2O in the liquid returned to 
the reaction vessel 1 is reduced, and therefore, the con 
version to urea in the reaction vessel 1 is improved and 
the internal volume of the high pressure system can be 
utilized effectively. In this way the amount of water in 
the reaction vessel can be reduced by about 25% as 
compared with the amount of water in the reaction 
vessel in the conventional method. 
The numerical values employed and the results ob 

tained in worked embodiments of the present invention 
will now be described. 

EXAMPLE 

(1) Reaction vessel 1: 
Temperature: 190° C. 
Pressure: 200 Kg/cm2G 
NH3/CO2 molar ratio: 4 
H2O/CO2 molar ratio: 0.37 
Conversion of CO2: 72% 

(2) First, high pressure, decomposing and stripping 
device 2: 
Temperature: 175 C. 
Pressure: 200 Kg/cm2G 
Unconverted product content in effluent: 24% by 

weight 
(3) Second, medium pressure, decomposing and strip 

ping device 4: 
device 4 is subjected to a third stripping treatment with 60 Temperature: 155° C. (bottom portion) 
CO2 gas under temperature and pressure conditions of 
100 to 140° C. and 1.5 to 3 Kg/cm2G, respectively, 
whereby the remaining 3 to 9% by weight of NH3 and 
2 to 6% by weight of CO2, other than that present in 
combined form as urea, are substantially completely 
decomposed and stripped. 
The decomposition gas mixture from the third, low 

pressure decomposing and stripping device 23 is intro 

65 

Pressure: 17 Kg/cm2G 
Unconverted product content in effluent: 9% by 

weight 
(4) Amounts of other materials supplied to the process 

(per ton of produced urea): 
High pressure steam (25 Kg/cm2G): 0.68 ton 
Cooling water: 50 tons 
Electric power: 142 KWH 




