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Abstract 

The choking of the pathways (pipelines, tubes) caused by carbamate and urea fluids with 
high crystallization points, mainly due to a pressure drop in the steam system and lack of 
proper tracing of pipelines and equipment of urea and carbamate pathways, is one of the 
problems during the commissioning of urea units. 
This case study investigates the effects of a steam pressure drop, which causes widespread 
problems in recommissioning of the urea unit, on the performance of the scrubber section 
in one of the urea units. The case study also examines the causes of these problems and 
the solutions that can be deduced and concluded. We hope this case study increase the skills 
and technical knowledge of the control of urea units by colleagues. 
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Introduction 

In the urea unit under discussion, urea is produced by Stamicarbon CO2 Stripping 
PoolCondenser license[1]. Refer to Figure 1 for an overview of the high pressure synthesis 
section. 
 

 
 
Figure 1: Urea process diagram by Stamicarbon CO2 Stripping PoolCondenser Technology 

  
One important equipment item applied in the Stamicarbon urea process is the HP scrubber. 
The HP scrubber is a vertical shell and tube heat exchanger, with gas and liquid rising co-
currently in the tubes from the bottom to the top. In the HP scrubber the off-gas from the 
reactor is purified from ammonia and carbon dioxide by means washing (scrubbing) with 
carbamate liquid recycled from the low-pressure recirculation stage. 
The requirements of minimum reactants concentration in the vent gas calls for the use of a 
counter current type scrubber. 
 
However, to counterbalance the rise in temperature of the carbamate because of the 
strongly exothermic character of the ammonia and carbon dioxide absorption, Stamicarbon 
has designed a co-current scrubber type that reconciles these two aspects. The greater part 
of the gases is absorbed in carbamate in a co-current absorber / heat exchanger part . The 
heat of absorption is removed by conditioned cooling water. The off-gas from the reactor, 
with a large quantity of reactants already removed from it in the heat exchanger part, is 
now scrubbed in a packed bed by a counter-current flow of the carbamate solution coming 
from the low-pressure recirculation section. 
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This carbamate solution is saturated according the process conditions in the LP recirculation 
section. The process conditions in LP recirculation section are low pressure and low 
temperature. The process conditions in the HP scrubber are high pressure and high 
temperature that gives this carbamate solution a higher absorption capability. By this higher 
absorption capability, this carbamate solution still can absorb the reactants present in the 
off-gas of the reactor. 
 
If the plant operates close to the specified mass and heat balance, than it means that the 
conditions are such that the liquid carbamate leaving the HP scrubber is just on the carbon 
dioxide rich side of the azeotrope. In that case, an accidental slight rise of the N/C ratio in 
the flows to HP scrubber consequently has a favorable influence on the operation of the 
scrubber. A greater rise of the N/C ratio causes overshoot of the mark, so that the product 
no longer has the azeotropic composition, which results in a decrease of the effectiveness 
of the HP scrubber[2]. 
 
 
Description of upset situation 

The required high-pressure steam (HPS) in the urea unit under discussion is supplied at a 
rate of 170 tons/hour from the boiler unit located nearby. On the day of the accident, the 
steam received at the battery limit of the urea unit was completely cut off as a result of a 
problem with the boiler unit, causing the urea unit to be taken out of service immediately. 
The steam required for the urea and ammonia unit in this complex is supplied by two boilers 
each with a capacity of 150 tons of HPS per hour. One of the boilers went out of service due 
to a problem on a specific day, and the second boiler went out of service too shortly after. 
The plant steam production quickly plummeted to zero from about 260 tons per hour, and 
subsequently, the ammonia and urea units went out of service.  
Steam transmission to the urea unit was interrupted due to the shock caused by the sudden 
shutdown of the boiler unit and the inability of the company's steam network to supply 
steam. A very small amount of steam flowed to the urea unit after about 3 hours. The 
pressure of the steam drums decreased continuously due to the lack of steam supply for the 
urea unit so that the pressure of the LP steam drum decreased to 1.9 barg and the pressure 
of the MLP steam drum up to 2 barg.  
The pressure of the urea unit steam drums was returned to normal and the warm-up 
operation was started according to the procedure after several hours when the boilers 
returned to service and the steam conditions returned to normal. 
  
The plant was shut down at 10:30 a.m. on August 29, 2021. The first step in launching the 
urea unit was taken on September 2, 2021. 
The urea unit was blocked-in according to the approved and executed process, and the 
necessary actions were taken according to proven methods. 
The compressor was recommissioned and its outlet pressure was set to 100 barg according 
to the instructions after normalizing the steam conditions and producing CO2. 
The unit was recommissioned according to the urea unit commissioning procedure after the 
conditions of temperature above 125 oC and pressure of 80 barg were established. 
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After the full flow of ammonia and CO2 into the synthesis section, it was observed that no 
gas entered the LP absorber from the synthesis reactor and that the LP absorber pressure 
control valve was not working. At the same time, the liquid overflow of the HP scrubber to 
the high pressure ammonia ejector was experiencing a decrease in temperature contrary to 
expectations of an increase in temperature. 
 
As these conditions were detected, the possibility of blockage of the pressure control valve 
from the HP scrubber to the LP absorber was raised. Its performance was then monitored 
and flushed and pressurized with high-pressure condensate before and after the control 
valve for more assurance. It was ensured that the pipeline from the HP scrubber to the LP 
absorber was not blocked. 
 
Damage or blockage of the line and/or equipment of the scrubber liquid overflow path to the 
high pressure ammonia ejector was then suspected. The scrubber overflow path was flushed 
with high-pressure condensate for more assurance. The condensate pressure dropped as 
expected after connection, but the liquid overflow line temperature dropped to about 30 oC 
instead of rising. While performing the above relevant tests, the synthesis pressure reached 
a critical range above 147 barg, and the decision was taken to stop the commissioning 
operation and return to the blocking-in condition before the conditions got out of control. 
 
The feed to the synthesis unit was re-established after a complete check and six hours after 
the previous recommissioning. After completing the CO2 and ammonia feed paths to the 
synthesis, the following suspicious cases were observed again: 
1. No drain of excess gas through the LP absorber and no pressure control of the valve and 

LP Absorber 
2. Severe decrease in temperature of scrubber liquid overflow line to the high pressure 

ammonia ejector up to 23 oC. 
 
At this stage, the performance of the high pressure ammonia ejector was re-examined 
according to the interpretation of the conditions. The function of the valve was checked and 
evaluated in several stages. The internal design and performance of the ejector were 
reviewed with the help of experts from the repair team. The conjecture that the related 
control valve was problematic was questioned with the consensus and observation of the 
conditions. So, it was assumed that the control valve worked correctly. The pressure 
conditions in the synthesis entered the critical phase again, and the decision was taken to 
block-in again.  
 
In both stages, the CO2 and ammonia paths before and after the pressure reducing valve of 
the reactor outlet gases, the scrubber liquid overflow, and the gas line were pressurized and 
flushed with high-pressure condensate.  
 
The following facts were observed after the second unsuccessful commissioning trial and 
review of the conditions: 
A. A continuous increase of synthesis pressure without interruption 
B. Uncertainty about the level operation of the HP scrubber and its related transmitter 
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C. Uncertainty about the correct operation of high-pressure condensate pump pressure 
gauge 

D. Each time the feed was synthesized at overflow temperature, the HP scrubber 
approached the outlet temperature of the ammonia pump (up to 23 oC) 

E. There was no relationship between the HP scrubber temperatures and the reactor 
temperatures 

F. The temperature difference in the HP scrubber conditioned cooling water loop was zero 
each time 

G. The high temperature of the HP scrubber decreased from 140 oC to 86 oC after 
commissioning 

H. Despite opening the reactor outlet gas pressure control valve, no gas entered the LP 
absorber even when opening the valve completely. 

 
The HP scrubber liquid overflow level line transmitter was tested by draining the line and 
refilling it with condensate, and it was found that the transmitter showed real performance. 
 
Problems that occurred during commissioning were listed and monitored by interpreting and 
solving the problem. The following tests were then performed step by step: 
1. The correct operation of high-pressure condensate pressure gauge was ensured by 

changing the high-pressure condensate pumps. 
2. The correct operation of the ejector was ensured by opening, closing, and changing the 

conditions of the ejector valve and interpreting the performance of its internal parts 
according to the design and inspection drawings. 

3. The correct operation of the control valves, especially the control valves of the scrubber 
outlet gas and the control valves of the ejector, were ensured by the reaction of 
temperature and fluid pressure by stroking the control valves in both off and service 
modes. 

4. The temperature mismatch between the high temperature of the HP scrubber and the 
reactor was tested by injecting high-pressure condensate and observing temperature 
changes, and it was found that the temperature related transmitters showed a 
proportional reaction to the changes. So, it was concluded that the HP scrubber's high 
temperature was really lower than the reactor body. 

5. The HP scrubber liquid overflow level transmitter was tested by draining the line and 
refilling it with condensate, and it was found that the transmitter showed real 
performance. 

6. The outlet lines of the high-pressure carbamate pump from the LP recirculation section 
to the HP scrubber was tested with both hot condensate and carbamate, and it turned 
out that the scrubber liquid overflow level transmitter behaved more rationally when 
using carbamate. 

7. During several stages of testing the injection of condensate into all the synthesis drains 
in different stages of commissioning, it was observed that the pressure dropped to the 
synthesis pressure. However, over time and draining the scrubber liquid overflow line 
for the relevant level transmitter test by performing a condensate pressure test on all 
drains of equipment and synthesis lines, it was observed that the condensate pressure 
drops in the gas loop and scrubber liquid overflow lines and the distance between the 
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scrubber and the valve reducing the synthesis outlet gas pressure increased significantly 
so that with a synthesis pressure of 109 bars in the mentioned drains, a condensate 
equivalent pressure of 45 barg was observed. 

8. CO2 escape was ruled out by testing the reactor liquid outlet control valve and ensuring 
that it was flooded. 

 
Interpretation of the results of previous commissioning and tests performed showed that 
the HP scrubber behaved differently from the other synthesis equipment and that the HP 
scrubber was practically disconnected from the other equipment. The conjecture was a 
blockage caused by the crystallization or agglomeration of carbamate in the inlet gas line to 
the sphere of the scrubber or the gas line from the sphere to the bottom of the heat 
exchange part (scrubber gas loop) as indicated in Figure 2. 

  
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 

Figure 2: possible chocked lines are indicated in blue 

  
The solution to eliminating the potential choke was to fill the scrubber with a high-
temperature neutral fluid and direct that high-pressure, high-temperature fluid toward the 
reactor. 
So, the control valve of the scrubber synthesis outlet gas, the block valve and the scrubber 
drains were closed completely. The scrubber gas loop was completely vented, and the 
condensate circulating flow was increased. Steam was injected into the scrubber loop to the 
highest value and the loop temperature was increased to 140 oC to transfer the highest 
possible heat to the scrubber section and gas line from the reactor. 
Also the HP scrubber liquid overflow line to the HP ammonia ejector was blocked for better 
fluid conduction. 
High pressure condensate was used to supply the heat transfer fluid and create a continuous 
pressure. High pressure condensate was established at a maximum flow to the HP scrubber 
from the outlet of the high pressure carbamate pump. The idea was to supply the high 
pressure condensate to the upper part of the HP scrubber in the opposite direction, then 
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enter the scrubber heat exchange part in reverse, enter the gas loop the of spherical part of 
the HP scrubber from the bottom of the heat exchange part, and then into the gas line from 
the reactor. 
We waited for the scrubber to fill up by applying the corresponding pressure of the high 
pressure condensate pump as a criterion. The corresponding pressure of the pump increased 
from 30 barg to 104 barg after connecting to the high pressure carbamate pump outlet. 
However, the synthesis pressure at that moment was 82 barg, indicating a blockage in the 
scrubber loop gas line. The corresponding pressure of the high pressure condensate pump 
abruptly decreased from 104 barg to 87 barg after about an hour. The pressure of 82 bars 
was then equal to the synthesis pressure. 
At the same time, the temperature of the reactor outlet gas line suddenly increased, and 
the temperature of the scrubber outlet gas increased too, suddenly after a few minutes. 
These temperatures rose above 30 oC. The reactor body temperature, the reactor outlet gas 
line temperature, and the scrubber high temperature became equivalent after 20 minutes, 
indicating a complete connection between the reactor and the HP scrubber. 
Moreover, a higher pressure was observed at the LP absorber outlet by opening the top 
valve of the HP scrubber as well as controlling the outlet gas pressure control valve for 
further assurance. High-pressure condensate was re-established to the scrubber overflow 
and gas lines. It was observed that this time the pressure in the mentioned lines 
corresponded to the pressure of other synthesis drains. 
  
After ensuring that the problem was resolved, the feed to synthesis was established and the 
urea unit returned to normal service. 
 
 
What was the Problem ? 

The pressure of the steam drums, especially the MLPS saturator, was greatly reduced by the 
temperature shock due to the complete shutdown of the steam for several hours at the 
battery limit of the urea unit (from 9 barg to about 2 barg). This reduction was not quickly 
compensated for. 
As the MLP steam pressure dropped, no heat was transferred to the circulating condensate 
in the HP scrubber heat exchanger shell side. Continuation of this state for a long time 
caused the contents inside the scrubber gas line to crystallize, the gas line inlet to the heat 
exchanger part of the scrubber was blocked, and the inlet gas from the reactor to the 
spherical part of the scrubber and then the heat exchanger part of the scrubber were cut 
off. 
Further investigation revealed that the heat exchange part located in the circulating 
condensate line of the HP scrubber during the urea unit shut down caused a large 
temperature drop during the hours when MLP steam from the relevant drum was not 
available. Despite of closure of the control valve connecting it to the circulating condensate, 
which was due to the type of valve used (butterfly type valve which showed significant 
passing). 
All of these factors choked the bottom part of the HP scrubber and cut off the gas inlet path 
to it. 
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Graph1: NH3-H2O-CO2 equilibrium 
  
Considering the concentration of carbamate and water in the scrubber heat exchange part 
(water with a concentration of about 45% by weight, ammonia with a concentration of about 
25% by weight, and CO2 with a concentration of about 30% by weight) and the equilibrium 
graph 1[3], crystal formation for carbamate occurred at 45 oC. 
 
 
How the Problem was solved? 

A circulating condensate loop was applied to solve the problem, ensuring that the bottom of 
the scrubber heat exchanger part was choked. 
The design and mechanical data of the maximum tolerable temperature for the heat 
exchanger located in the circulating loop path and the HP scrubber were first examined. The 
circulating condensate temperature was increased to 140 oC by injecting maximum steam 
into the circulating condensate. High pressure condensate with a maximum temperature of 
the high pressure carbamate pump outlet from the LP recirculation section to the HP 
scrubber was established simultaneously with the full flow to the HP scrubber. Over time, 
gas began to move from the reactor to the HP scrubber indicated by an increase of the high 
temperature of the reactor with a high slope and pressure release from the LP absorber. 
According to the graph, the water concentration in the system increased by injecting high-
temperature water from the carbamate pump and the process proceeded to melt and 
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dissolve the carbamate crystals at the same time as raising the system temperature by the 
scrubber loop to remove the crystallized carbamate in the scrubber heat exchange part. 
 
 
Conclusions 

In urea units, any sudden drop in temperature should be avoided despite the occurrence of 
problems in the side units due to the three-phase nature and very high sensitivity of the 
contents of the synthesis equipment to temperature. The possibility of a choking at the 
bottom of the scrubber heat exchange part should not be overlooked in the event of this 
problem (steam cut-off and severe temperature drop). 
It is recommended, in the control and design of the urea units, that the steam should not 
be completely cut off to the urea unit.  
In case of lack of steam and problems similar to ones described in this case study, it is 
recommended to flush all parts and lines of different synthesis parts with high-temperature, 
high-pressure condensate after receiving normal steam and confirming the condition of 
steam drums, especially MLP steam saturator, to prevent blockages in paths and prevent 
commissioning. 
After this step, it is strongly recommended to ensure that the internal paths of the scrubber 
are open, taking into account the design conditions and inquiring from the mechanical 
inspection department by raising the temperature of the scrubber loop to above 140 ℃ for 
approximately 1 hour. 
The main reason for the series of events in this incident was the lack of steam supply from 
the boiler unit, which caused the steam to be completely cut off at the battery limit of the 
urea unit. 
It is recommended that a path be established so that the steam line can be used to provide 
the minimum steam pressure and prevent the urea and carbamate lines from choking in the 
event of the boiler trip. 
So, it is recommended to review and reassure how the units are connected to the steam 
lines of the region and the company. 
* It should be noted that the numerical values expressed are based on real numbers in the 
production operation. 
 
 
References 

[1] M. Dunuwille and C.-S. Yoo, J. Chem. Phys. 139, 214503 (2013) 
[2] Stamicarbon document .operating safety manual 
[3] 9 R.C. Weast (Ed.), Handbook of Chemistry and Physics, The Chemical Rubber Co., 

60th edn., 1980, D. 64 


