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ABSTRACT  

In recent years, considerable progress has been made in research of urea synthesis and there is an increase in 

the production of urea by reducing specific volume of reactor has been observed throughout the world. The 

synthesis process details including carbamate formation and dehydration to urea are mentioned. Various type of 

parameter that affect on synthesis section and their importance are also mentions.The objective of the work is to 

study the conversion of urea and reactor efficiency improvement.The details of process parameter are also 

mention like N/C ratio, pressure, temperature. Scope of improvement and recommendation are also described.   
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I. INTRODUCTION 

 

Urea or carbamide is an organic compound with the chemical formula CO(NH2)2. The molecule has two 

NH2 groups joined by carbonyl (C=O) functional group. Urea serves an important role in the metabolism of 

nitrogen-containing compounds by animals and is the main nitrogen-containing substance in 

the urine of mammals. Dissolved in water, it is neither acidic nor alkaline. The body uses it in many processes, 

the most notable one being nitrogen excretion. Urea is widely used in fertilizers as a convenient source of 

nitrogen. Urea is also an important raw material for the chemical industry. 

Urea Synthesis: 

The discovery by Friedrich Wöhler in 1828 that urea can be produced from inorganic starting materials was an 

important conceptual milestone in chemistry, as it showed for the first time that a substance previously known 

only as a byproduct of life could be synthesized in the laboratory without any biological starting materials, 

contradicting the widely held doctrine of vitalism. The basic process, developed in 1922, is also called the 

Bosch–Meiser urea process after its discoverers. The various commercial urea processes are characterized by the 

conditions under which urea formation takes place and the way in which unconverted reactants are further 

processed. The process consists of two main equilibrium reactions, with incomplete conversion of the reactants. 

The first is carbamate formation: the fast exothermic reaction of liquid ammonia with gaseous carbon dioxide 

(CO2) at high temperature and pressure to form ammonium carbamate (H2N-COONH4)  

2NH3 + CO2  H2N-COONH4 

The second is urea conversion: the slower endothermic decomposition of ammonium carbamate into urea and 

water: 

H2N-COONH4  (NH2)2CO + H2O 

http://en.wikipedia.org/wiki/Vitalism
http://en.wikipedia.org/wiki/Equilibrium_reaction
http://en.wikipedia.org/wiki/Exothermic
http://en.wikipedia.org/wiki/Ammonium_carbamate
http://en.wikipedia.org/wiki/Endothermic
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 Like all chemical equilibria, these reactions behave according to Le Chatelier's principle, and the conditions 

that most favour carbamate formation has an unfavourable effect on the urea conversion equilibrium. The 

process conditions are, therefore, a compromise: the ill-effect on the first reaction of the high temperature 

(around 190̂
0 

C) needed for the second is compensated for by conducting the process under high pressure (140–

175 bar), which favours the first reaction. 

 

II. HOW TO INCREASE EFFICIENCY OF REACTOR 

 

The efficiency of urea reactor can be mainly increased by: 

 By changing the N:C ratio 

 By changing the number of tray in reactor 

 By changing the inlet flow rate of reactant 

We try to increased efficiency of urea reactor by changing the ratio of the reactor and second one by changing 

the flow rate of the reactor before so kind people change the flow rate of the urea reactant and he got a good 

result [1]. Its result shown in fig.1 But it want to change also temperature and pressure values and also take a 

lots of N:C ratio for increased efficiency of reactor but also increased cost of production. It shows that if we 

increase the flow rate of NH3 as compared to CO2 we get the more amount of urea but as well as we got lot of 

carbamate formation. 

 

Figure1: Flowrate of NH3 

 We also try it but lot of energy required for the increase the Flow rates and not effective result is got. 

 

III. PROCESS DESCRIPTION 

 

For Urea production generally we use the ammonia stripping process. In the reactor, when liquid ammonia 

reacts with compressed CO2 (at 160 ata) at high temperature & pressure gives urea according to the following 

reactions: 

2NH3 + CO2 ======= NH2COONH4 exothermic 

NH2COONH4 ======= NH2CONH2 + H2O endothermic 

As the reactions are reversible in nature only partial conversion occurs in the reactor. Urea solution consisting of 

Urea, Carbamate, Water & unconverted CO2 & NH3 are fed into the stripper where stripping action of NH3 

favours decomposition of carbamate, and hence 80% of carbamate is decomposed here. Pressure in the stripper 

is same as that of the reactor. Urea solution from the stripper is sent to Medium pressure decomposer where 
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Urea purification takes place by the dehydration of the Carbamate.Urea solution is further purified in Low 

pressure decomposer. Off gases from the M P decomposer & L P decomposer are sent to the Medium pressure 

condenser& Medium pressure absorber for the recovery of unconverted Ammonia. In this way 71.12% of Urea 

solution resulting from L P decomposer is sent to Vacuum concentrators operating in two stages: 

a. First Vacuum evaporator. 

b. Second Vacuum evaporator 

Finally, 98 % molten urea is sent to the Prilling Towers where Urea prills are formed by passing a current of 

cold air in the tower from the bottom. Proper size Urea prills are sent to bagging section through belt conveyors. 

In bagging section, coating of Urea prills may be done if required. Oversized Urea prills or lumps are sent to 

lump dissolving tank. They used sieves cap trey for achieving the proper mixing of the CO2 and NH3 they used 

10 trays for mixing We search out on the publish paper we got the first reaction required only temperature upto 

150
0
c for achieving the maximum conversion of CO2 to carbamate and second reaction required more than 

150
0
c temp for achieving the maximum conversion [2] shown in fig 2. If we goes ave the 150

0
c first reaction 

conversion goes fowling down it shown in above graph. So that it is necessary to maintain the temperature of 

reactor. In the graph shows the required temp in reactor for conversion of co2 into urea 

 

Figure 2: Conversion  

 

 

IV. PARAMETERS AFFECTING RATE OF REACTION 

1) Temperature:  

Process temperature (185 
o
C) favours equilibrium yield at a given pressure (180 atm). The conversion of 

ammonium carbamate to urea gradually increases as the temperature increases. 
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Table 1 

Temperature 

(◦C) 

NH3/CO2 and H2O/CO2 

(mol) in liquid phase 

Equilibrium conversion 

rate CO2 (%) 

Equilibrium pressure 

(MPa) 

NH3/CO2 H2O/CO2 Cal. Exp Cal. Exp 

161.5 4.03 1.03 64.75 68.8 7.83 9.22 

171.5 3.89 0.85 66.72 64.9 8.929 9.907 

171.5 4.49 0.75 71.49 69.8 9.98 10.985 

171.5   4.01 0.09 78.77 78.6 10.455 11.868 

176.5   4.23 0.92 68.08 67.3 9.4 10.091 

196.5    3.93 0.07 78.57 79.5 17.79 18.046  

196.5    4.03 0.30 75.49 76.8 17.77 17.948 

 

However, after a particular temperature, depending upon the pressure, the conversion suddenly drops with 

further increase in temperature. The pressure corresponding to this temperature which is usually in the range of 

175-185
o
C, is known as the decomposition pressure which is about 180 atm.  

2) Pressure:  

The main reaction is sufficiently slow at atmospheric pressure. However, it starts almost instantaneously at 

pressure of the order of 100 atm and temperature of 150 
o
C. There is reduction in volume in the overall reaction 

and so high pressure favors the forward reaction. This pressure is selected according to the temperature to be 

maintained & NH3:CO2 ratio.  

3) Concentration: 

Higher the concentration of the reactants, higher will be the forward reaction according to the law of mass 

action. CO2 being the limiting reagent higher NH3:CO2 ratio favors conversion. Since, dehydration of carbamate 

results in urea production, lesser H2O:CO2 ratio favors conversion. Water intake to the reactor should therefore 

be minimum. 

4) Residence time:  

Since, urea reaction is slow and takes about 20 mins to attain equilibrium, sufficient time is to be provided to get 

higher conversion. Reactor is designed to accommodate this with respect to the other parameters of temperature, 

pressure and concentration.  

5) Biuret formation:  

A problem faced during manufacture of urea is the formation of biuret during the production of urea. It is not a 

desirable substance because it adversely affects the growth of some plants. Its content in urea should not be 

more than 1.5 % by weight.  
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V. CALCULATION 

 

Sample calculation for N:C ratio is 2:1 

MATERIAL BALANCE 

Daily production:  83375 kg/hr 

Urea:   83375 Kg/hr of 98 % purity 

Composition of the final product: 

Urea:  98 % (83375Kg/hr) 

Biuret:  1 % (833.75 Kg/hr) 

Water:  1 % (833.75 Kg/hr) 

Assumption: Overall conversion to urea is assumed to be 95 %. 

MAIN REACTIONS: 

1) CO2 + 2NH3 ==== NH2COONH4 

(44)  (17)   (78) 

2) NH2COONH4 ==== NH2CONH2 + H2O 

(60) (18) 

3)CO2 + 2NH3 ==== NH2CONH2 + H2O (Overall reaction) 

 

Side reaction: 

4)2NH2CONH2 ==== NH2CONHCONH2 + NH3 

(103) 

833.75 Kg/hr of Biuret produced by = (120/103)*833.75 

= 971.39 Kg/hr of urea (reaction 4) 

So, urea produced by reaction (2) 

= 83375+971.39 

= 84346.36 Kg/hr 

84346.36 Kg/hr of urea produced by 

= (34/60)*84346.36 

= 47796.27 Kg/hr NH3 

Similarly, CO2 reacted in reaction (1) 

= (44/60)*84346.36 

=61853.99 Kg/hr 

Assuming 95 % conversion we get 

NH3 actually required  = 47796.36/0.95 

= 50311.86 Kg/hr 

CO2 actually required   = 618346.36/0.95 

= 65109.46 Kg/hr 

Now, considering reaction (4) : 

If reaction (3) is 100 % complete then, 
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Urea produced = (60/44)*65109.46 

= 88785.62 Kg/hr 

But, for 95 % conversion 

Urea produced = 0.95*88785.62 

= 84346.35 Kg/hr 

Therefore, Urea converted to Biuret & NH3 = 84346.35 – 83375 

= 971.35 Kg/hr 

So, from reaction (4) 

Biuret produced = (103/120)*917.35 

= 833.74 Kg/hr 

Water produced in reaction (2) = (18/60)*84346.35 

= 25303.908 Kg/hr 

At reactor’s exit (Urea = 33 %) 

Flow rate of stream  = 83375/0.34 

= 252651.51 Kg/hr 

NH3 reacted in reaction (1)  = (34/60)*84346.35 

= 47796.265 Kg/hr 

NH3 produced in reaction (4)  = (17/120)*833.74 

= 118.113 Kg/hr 

So, NH3 unreacted 

= 50311.86 – 47796.265 + 118.113 

= 2633.708 Kg/hr 

CO2 reacted in reaction (1) 

= (44/60)*84346.35 

= 61853.99 Kg/hr 

Therefore, CO2 unreacted 

= 65109.46 – 61853.99 

= 3255.47 Kg/hr 

Now, 

Flow rate of stream at reactor’s exit – (flow rate of urea+CO2+NH3+water+biuret) 

=Flow rate of carbamate 

252651.51- (83375 + 3255.47 + 2633.708 +25303.908 + 833.74) 

= 13749.684 Kg/hr 
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Table 2

Input Output 

MATERIAL             

(Kg/hr) 

FLOW RATE 

(Kg/hr) 

 

% 

MATERIAL             

(Kg/hr) 

FLOW RATE 

(Kg/hr) 

 

% 

Feed Unreacted 

NH3 (liq)                    50312                       19.91 NH3 (liq)                    2634 

 

1.042 

CO2 (gas)                   65109 25.77 CO2 (gas)                   3256 

 

1.288 

Recycle Products 

CARBAMATE 137249     100 Urea 83375 33 

   Water 25304 10.01 

   Biuret 834 0.32 

   CARBAMATE 137249 54.32 

Total 252650 99.989% 

 

CO2% = (Total NH3%- free NH3%)*1.292 

From above table 

CO2% = (19.91-1.042)*1.292 

= 24.377 

Efficiency of reactor 

 

From above formula we get 49.68% urea reactor efficiency refer table 2 This all the calculation is theoretical in 

actual this values is goes down because of not achieve proper mixing of CO2 and NH3  and its very less values 

So we change the ratio as 3.3 of the NH3:CO2 we get the better efficiency than the above ratio it shown in table 

3.  From table 3 we calculate the efficiency we get 60.04% So that we increased the N:C ratio the efficiency of 

the reactor can be increased it increased upto 3.6:1 but the efficiency of the reactor cannot be increased as much 

at the specified temperature and pressure condition. So we used ratio between 3:1 to 3:4. 
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Table 3 

Input Output 

MATERIAL             

(Kg/hr) 

FLOW RATE 

(Kg/hr) 

 

% 

MATERIAL             

(Kg/hr) 

FLOW RATE 

(Kg/hr) 

 

% 

Feed Unreacted 

NH3 (liq)                    78473.68 31.06 NH3 (liq)                       50984.77 20.18 

CO2 (gas)                   65789.47 26.039 CO2 (gas)                      33425.595 13.23 

Recycle Products 

CARBAMATE 108387.32 100 Urea 83375 33 

 Water 49822.58 19.72 

Biuret 1566.43 0.62 

CARBAMATE 108387.32 42.90 

Total     252650            99.989% 

 

VI. CONCLUSION  

 

In ammonia stripping process which used in rcf that unit. . We also try to increased efficiency of the reactor by 

changing the number of tray but are not more efficient.   We change the N:C ratio of the urea reactor feed from 

we get the output value we calculate the efficiency we get more efficiency from previous value and we 

successfully increased the efficiency of the urea reactor. From experimental data we conclude that we can 

change the value N:Cratio between 3:0 to 3:4 for get maximum value of urea reactor efficiency. 
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