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Abstract 
Analyze crystallization phenomenon in the low pressure carbamate condenser and its impact on the 
urea plant operation. Operational methods for solving these crystallization problems are proposed.  
 
 
 
1. Introduction 
 
CO2 Stripping urea process consists of a high pressure synthesis, low pressure decomposition, 
evaporation prilling and the desorption and hydrolysis. The main function of low pressure 
decomposition system is to dissociate carbamate into ammonia and CO2. In a low pressure rectifying 
column water content in the gas stream is reduced and carbamate is dissociated by reducing pressure 
and adding heat. Then by using circulating cooling water cool and condense the gas stream into a 
liquid in the low pressure carbamate condenser, so the dissociated carbamate returns to the high 
pressure synthesis system in the form of ammonium carbamate solution for recovery and utilization of 
the feedstock, reducing material consumption. 

 
The main equipment items in the low pressure decomposition system are the rectifying tower, the low 
pressure carbamate condenser, circulating water cooler including a circulating pump.  

 
The low pressure carbamate condenser function is to cool and condense the gas out of the rectifying 
tower to ammonium carbamate solution containing typically NH3 30wt%, CO2 35wt% and H2O 35wt%. 
So the low pressure carbamate condenser not only influences the separation in the rectifying tower, 
but also the composition of the recycle ammonium carbamate solution. The ammonium carbamate 
solution returning to the high pressure synthesis system influences the ratio of water to carbon (H/C 
ratio), and thus influences the synthesis conversion rate.  
 
Typically the low pressure carbamate condenser operates with the following parameters: 
concentration of ammonium carbamate solution; pressure of low pressure recirculation section; 
temperature of ammonium carbamate solution. Ammonium carbamate solution is designed to contain 
NH3 30wt%, CO2 35wt%, H2O 35wt%, pressure of 0.15 MPa, corresponding carbamate melting point 
51 oC, and to avoid ammonium carbamate solution crystallizing, the operational temperature are 
designed to be 15-20 oC higher than the crystallization temperature, namely about 70 oC. 
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2. Effect of low pressure carbamate condenser crystallization of urea plant  
 

(1) The pressure of low pressure recirculation section is usually higher than design due to higher 
plant loads for example. The venting amount increases and the ammonia consumption increases also. 
Crystallized ammonium carbamate sticking to the outside wall of hat exchangers of the low pressure 
carbamate condenser reduces the effect of exchanging heat, which decreases the amount of 
condensed gas. And as soon as the gas evaporated by rectifying tower cannot be condensed 
effectively, the pressure of low pressure recirculation section will rise. To avoid damage because of too 
high pressure, we have to open further the air vent valve (PV-302).   
  

(2) Concentration of ammonium carbamate solution decreases. As a result of inefficient 
condensation of gas from the rectifying tower, ammonium and CO2 are vented and wasted and the 
amount of condensation is relatively small. Besides, we choose to enlarge the amount of process 
condensate to decrease the pressure of low pressure recirculation section, which decreases the 
amount of ammonia and CO2 returning to high pressure system by ammonium carbamate pump at the 
same rotation speed, and the ratio of water to carbon increases, leading to a reducing conversion rate 
of synthesis reactor. 
 

(3) Steam consumption increases. Because pressure of low pressure recirculation section 
increasing, which works against the decomposition efficiency of the rectifying tower, the rectifying 
tower will increase the amount of steam while maintaining same decomposition temperature. 
Moreover the lower high pressure synthesis conversion rate also increases amount of steam used by 
HP stripper. The load on the evaporation section also increases the steam consumption figure. 
   
     (4) Vacuum level in the evaporation section will be affected. Owing to the lower HP stripper 
efficiency and effect of the lower decomposing capacity of the rectifyer column, the amount of 
ammonia and CO2 entering the evaporation section increases, leading to additional evaporation load, 
reduce maybe the vacuum level, and in the end, there will be more hollow and lower strength prills 
and more dust formation.   
 
 
3. Consequences of crystallization in the low pressure carbamate condenser 
 

(1) Circulating water temperature difference decreases. Because ammonium carbamate solution 
crystallizes, the condensation effect of the low pressure carbamate condenser decreases, and 
condensation heat released by gas from the rectifying column can not be exchanged effectively, as a 
result, the circulating water temperature difference will reduce. 
 

(2) Outlet temperature (003/5) of low pressure carbamate condenser will rise when the 
crystallization is not serious, which is because the operating pressure rises in the early stage of 
crystallization or when it is not yet not serious, the temperature will rise. This is because the 
condensation heat cannot be exchanged anymore, causing the accumulation of heat, which causes the 
temperature to rise too. Temperature will drop when serious crystallization takes place, because a 
pressure rise in the rectifying column must lead to a larger opening of the vent valve, and a large 
quantity of vented gas decreases the ammonium carbamate concentration, which can lead to a 
temperature drop. 

 
(3) The pressure difference between the rectifying column outlet and the atmospheric absorber 

increases. Because the gas into the low pressure carbamate condenser can not be condensed 
effectively, but gas is decomposed from rectifying column continuously, finally increasing the pressure 
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difference between the rectifying column and the low pressure carbamate condenser. Pressure of 
rectifying column will increase and that of atmospheric absorber will drop. The safety valves of gas 
outlet pipe of rectifying column can pop up continuously when the pressure increase is serious.  
 

(4) High pressure carbamate pump and fluctuation. 
 
 

4. Solving the crystallization problems in the low pressure carbamate condenser 
 

(1) After finding crystallization, we should first open the pressure control valve（PV-302）to avoid 
overpressure, guarantee the safety of device, and the HP carbamate pump cavitation at the same 
time.  
 

(2) Increase the amount of process condensate, in this way improving absorption effect and 
meanwhile reducing concentration of ammonium carbamate solution, and the melting point of 
ammonium carbamate solution decreases because of decreasing carbamate concentration, which is 
good to dissolve the carbamate crystals in the low pressure carbamate condenser. 
 

(3) Raise the temperature of the circulating cooling water, to dissolve the carbamate crystals. 
      

(4) Reduce the amount of reflux into low pressure recirculation section. 
 
(5) As the case maybe, discharge solution from low pressure level tank to the ammonia water 

tank, reducing the speed of the HP carbamate pump, reducing the water amount returning to high 
pressure system, avoiding an increase of the water / carbon ratio in the high pressure synthesis 
section because of the decreasing concentration of ammonium carbamate solution, which leads to a 
decrease of the synthesis conversion rate.   
 
 

5. The judgment if crystallization problems are solved 
 

(1) We can consider to reduce the quantity of added process water, when the differential pressure 
between the rectifying column and the atmospheric absorber has returned to the normal operation 
value. 

(2) Observe whether the liquid temperature of the low pressure carbamate condenser returns to 
the normal value. 

(3) Observe whether the circulating cooling water temperature difference returns to the normal 
value. 

(4) Generally speaking, when the low pressure carbamate condenser crystallizes severely, the 
rectifying column will accumulate large quantities of gas and these gases can not be condensed in the 
low pressure carbamate condenser successfully. If the crystals in the low pressure carbamate 
condenser dissolve and it becomes a normal working condition again, these gasses will condense in 
the low pressure carbamate condenser suddenly, leading shortly to a high load on the low pressure 
section, the pressure will increase suddenly and after several minutes, the gas will be released and 
system becomes normal again. 
 

Composition, temperature, pressure form a ternary phase diagrams, from which we can find the 
crystallization point of the ammonium carbamate solution, which is 51 oC, when the ammonium 
carbamate solution consists of NH3 30wt%, CO2 35wt%, H2O 35wt% and the pressure is 0.15 ~ 0.25 
MPa. Owing to a different HP stripper efficiency of every urea plant, the composition of the recycle 
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ammonium carbamate solution differs. In addition, recycle ammonium carbamate solution may 
contain a small amount of urea, which also affects its crystallizaton point, therefore, when operating 
the low pressure carbamate condenser, don't just simply think it is good to control the liquid 
temperature at 70 oC. We should explore the operating temperature suiting your own system. 
 


