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Abstract 

The most prominent factors on normal operation of the Granulator in Granular Urea Fertilizer plants 
are ambient temperature and humidity, urea solution composition, the Granule section 
flushing/start-up procedure, abnormal process condition in the urea Melt section and Urea-
Formaldehyde injection quantity and quality.  
In the present investigation, the effect of capacity reduction procedure of the urea Melt section 
(regarding the amount of reduction as well as its duration) on some important parameters that could 
affect the Granulator normal operational period, is discussed. The less decrease in synthesis capacity 
for fewer hours while the Granulator is being washed, apparently, causes in rapid increment in liquid 
level of the Urea Storage Tank. Higher liquid level of this tank leads to longer residence time for 
urea solution when it is time to be consumed again in the Granulator. Based on actual data of 
laboratory analysis, Biuret content of urea solution, particularly for the last hours of storage tank 
depletion, rapidly raises to 0.49 wt.% while its allowable value is <0.40 wt.%. This disturbance in 
urea solution composition which mostly may occur after 72 hours, would alter the LP Recirculation 
section of urea plant either. Keeping constant almost all other parameters but the procedure of 
capacity reduction of the urea Melt section for comparing the Granulator normal operational 
duration, it was revealed that increase in liquid level of Urea Storage Tank from 55% to 75% which 
leads to increase in total depletion time of this tank from 83 hours to 117 hours, could decrease the 
Granulator normal operational duration over 40%. On the other hand, keeping synthesis capacity 
at 95% for 5 hours instead of lowering it to 80% for the same duration, appeared to save about 
50% of annual reduction in Urea production which can provide extra income for the company. The 
final result of this investigation, therefore, suggested an optimized capacity reduction procedure 
considering these three important factors: higher annual Urea production, safe zone for liquid level 
of the Urea Storage Tank and longer Granulator operational duration. 
 
This paper was presented at the Nitrogen & Syngas Conference 2019 in Berlin, Germany. 
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The most prominent factors on normal operation of the Granulator in Granular Urea Fertilizer 
plants are ambient temperature and humidity, urea solution composition, the Granule section 
flushing/start-up procedure, abnormal process condition in the urea Melt section and Urea-
Formaldehyde injection quantity and quality. In the present investigation, the effect of capacity 
reduction procedure of the urea Melt section (regarding the amount of reduction as well as its 
duration) on some important parameters that could affect the Granulator normal operational 
period, is discussed. The less decrease in synthesis capacity for fewer hours while the 
Granulator is being washed, apparently, causes in rapid increment in liquid level of the Urea 
Storage Tank. Higher liquid level of this tank leads to longer residence time for urea solution 
when it is time to be consumed again in the Granulator. Based on actual data of laboratory 
analysis, Biuret content of urea solution, particularly for the last hours of storage tank depletion, 
rapidly raises to 0.49 wt.% while its allowable value is <0.40 wt.%. This disturbance in urea 
solution composition which mostly may occur after 72 hours, would alter the LP Recirculation 
section of urea plant either. Keeping constant almost all other parameters but the procedure of 
capacity reduction of the urea Melt section for comparing the Granulator normal operational 
duration, it was revealed that increase in liquid level of Urea Storage Tank from 55% to 75% 
which leads to increase in total depletion time of this tank from 83 hours to 117 hours, could 
decrease the Granulator normal operational duration over 40%. On the other hand, keeping 
synthesis capacity at 95% for 5 hours instead of lowering it to 80% for the same duration, 
appeared to save about 50% of annual reduction in Urea production which can provide extra 
income for the company. The final result of this investigation, therefore, suggested an optimized 
capacity reduction procedure considering these three important factors: higher annual Urea 
production, safe zone for liquid level of the Urea Storage Tank and longer Granulator 
operational duration. 
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1. INTRODUCTION 
Kermanshah granular urea plant consists of two main sections: the Melt section and the Granule section. 
Carbon dioxide and ammonia are fed to the Melt section and concentrated urea solution, 96 wt.%, from the 
Melt section is the feed of the Granule section. The Granulator as a main equipment of the Granule section, 
is consist of series of nozzles and chambers in order to provide a fluidized bed of urea granules which is 
produced by the evaporation of water and sublimation of urea on the initial seeds [1, 2]. 
During granulation process in the Granulator, there would be dust and urea precipitation. Dusts are removed 
mostly by the exhausted air stream from the Granulator chambers. But after days of operation, remaining 
dusts may precipitate on the inner surface of the Granulator, particularly on the roof, and may create bigger 
agglomerated objects. These urea based agglomerated spherical objects, may fall down from the roof and 
cover the entrance orifice of one or two urea solution nozzles down there [3]. In this case some nozzles will 
be omitted from the production process, furthermore urea solution which comes from those nozzles, may 
precipitate around the surface and this may affect the normal condition of fluidization bed. After a while, the 
number of normal granular urea will decrease and off-sized granules may appear at the exit of the 
Granulator. At this very moment, urea plant supervisor may decide to isolate the Granulator in order to wash 
it with steam condensate and remove all precipitations above nozzles or from roof and other places inside 
the Granulator. This is called “Flushing” of the Granulator. 
Many different and independent variables can affect the amount of dust production in the Granulator. Hence, 
one can say many different variables can alter normal operational duration of the Granulator. Some important 
parameters are quality of urea solution produced in the Melt section, temperature and humidity of the 
fluidization air entered the Granulator, ambient temperature, pressure and temperature of urea solution 
spraying off the nozzles, atomization air pressure and temperature, clearness of the nozzle holes, the 
Granulator vacuumed pressure, sequence and duration of the Granulator start-up after each Flushing and 
quality and quantity of initial seeds [3, 4]. 
Based on different urea plant Licenses, normal and guaranteed operational duration of the Granulator may 
vary from 2 weeks to more than 2 months [2, 4]. On the other hand, ambient condition as the most effective 
parameter that can alter most of the aforementioned parameters, can change any prediction and guarantee 
[3]. 
In Kermanshah Petrochemical Industries Co. (KPIC) urea plant, average normal working days of the 
Granulator between two Flushings is 18.5 days, yearly. At the end of the Fall and beginning of the Winter, 
when the weather is relatively cold but there is no rain or snow which means relative humidity is at its lowest 
amount of the year, our Granulator normal operational duration can reach 40 days nonstop. 
Ambient condition and unexpected events may be beyond operators control but there are some variables 
that we can consider as “controllable parameters”. The importance of these variables may be revealed 
properly when other uncontrollable parameters are almost constant for a certain period of time. In other 
words, it is important to be able to repeat 40 days of nonstop operation at the same ambient condition through 
all Falls and Winters. 
Plant capacity reduction procedure in order to prepare for Flushing of Granulator, is one of the important 
controllable variables that could have considerable effect on the Plant operational duration. 
According to the Design Flushing procedure of KPIC Granule plant, it is recommended to reduce the Melt 
section capacity from 100% to about 80% before starting isolating the Granulator for Flushing. Normal 
Flushing would take about 6 to 8 hours until the plant is ready to work with 95% capacity until all urea solution 
in the Urea Storage Tank be consumed. In this very normal case, you act due to standard procedure and it 
will guarantee the quality of Flushing and also the quality of urea solution in the Urea Solution Storage Tank 
during Flushing process [1, 2]. 
In the present work, we investigated the possibility of performing other capacity reduction procedures for 
both working in higher capacity percentages and finishing Flushing process a few hours sooner while the 
storage urea solution quality is maintained relatively high in order to keep the Granulator operational duration 
as long as we could. 
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2. EXPERIMENTAL 
To investigate the effect of capacity reduction on the Granulator operational duration, we performed four 
different procedures for capacity reduction of urea plant for the Granulator Flushing, from November 2017 
to February 2018 in which the local ambient condition was almost constant: relatively cold weather without 
any rain or snow. During test periods, all urea plant operators in the Central Control Room were understood 
to exactly do according to the proposed procedures in normal controlling, shutting down and starting up the 
plant in order to minimize errors and differences. 
Table 1 indicates details of each test procedure. The main differences are minimum capacity reduction and 
Flushing duration includes the time needs for washing, drying, cleaning and final check of the Granulator 
and related equipment. 

Table 1 
Definition of proposed capacity reduction procedures 

 Title Minimum  
Capacity Reduction 

(%) 

Flushing Duration 
(h) 

Capacity at the end 
of Flushing 

(%) 

P1-Des Design procedure 80 8 95 * 

P2-ShD Short-design procedure 80 6 100 

P3-Sav Production saving procedure 95 8 100 

P4-Imp(1) Improved procedure no.1 90 6 100 

P4-Imp(2)** Improved procedure no.2 90 6 100 

* Due to the Design procedure of KPIC, plant capacity should be maintained at 95% until all stored urea solution (during Flushing) be 
consumed. This usually takes about 4 to 5 days. 

** There was a problem in the plant during first P4-Imp test procedure which affected the results, so we perform another P4-Imp test to 
investigate the real results, however it is worthy to argue P4-Imp(1) results too.  

The first procedure, P1-Des, is exactly the recommended procedure in the plant Manual. This method has 
been performed in KPIC since the plant initial start-up. The second procedure, P2-ShD, is modified version 
of design procedure in which we shortened the Flushing duration and by utilizing our 10th Header of the 
Granulator nozzles, the plant capacity could be returned to 100% after the Flushing was done instead of 
keeping it at 95% for 4 to 5 days. 
For the third procedure, we decided to reduce the synthesis capacity reduction as much as we could. So as 
shown in table 1, minimum capacity reduction in P3-Sav method is only 95%.  
The final proposed reduction procedure was P4-Imp in which we consider both lower production reduction 
and minimum Flushing duration. 
Operating in different synthesis capacities, would lead to different types of changes in the Urea Storage Tank 
level. Consequently, different levels of this tank would alter total depletion time of it after re-starting the 
Granule section. So, it was important to track how the level of the Urea Storage Tank would decrease. Of 
course, operators try hard to maintain the rate of urea solution consumption from this tank, the same in all 
test procedures. 
Another part of our experiment was to analyse the changes in the content of the Urea Storage Tank during 
its depletion. Since this solution would add to fresh urea solution and the mixture would feed to the Granule 
section, the content of urea solution that has been stored during Flushing, is important. Long residence time 
and high temperature can proceed alternative unfavourable reactions in urea solution storage tank. Biuret is 
one of the most toxic materials that can be produced as a result of binding between two urea molecules and 
reduce final granular urea quality. Regarding Biuret as unfavourable component in urea solution, the 
presence of this material in higher concentrations than the allowable amount (less than 0.40 wt.%), may 
affect the total granulation process as well. Impurities in urea solution would produce more dust in the 
Granulator. 
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To investigate the amount of Biuret produced during the depletion of the Urea Storage Tank in each test 
period, series of samples were taken from the tank every 6 hours and were analysed for their components, 
particularly Biuret content. 
Since urea solution production in the Melt section is a total recovery process with different recirculation loops 
of materials, operating with synthesis high capacity while the plant is in recirculation mode during the 
Granulator Flushing, may change normal compositions in different sections of the plant. Process 
Condensate tank, LP Carbamate drum and Desorber/Hydrolyser towers are the most important equipment 
that may go abnormal in that case. Losing control of normal operation for this equipment, could affect 
synthesis section even after days of re-starting the Granule section following its Flushing. The indirect effect 
of these disturbances finally reaches the Granulator and could strongly reduce its normal operational 
duration. The upshot indicates that it is important to follow main process parameters of both Synthesis and 
LP section during this investigation. 

3. RESULTS AND DISCUSSION 
Figure 1 shows the variation of plant capacity versus time for each investigating capacity reduction procedure 
as defined in table 1. 

 
Fig. 1: Variation of synthesis capacity for different reduction procedures 

We tried to start capacity reduction process from 100% plant capacity, reach the minimum planned capacity 
for each test procedure in 1 hour and finally return to 100% plant capacity at the end of Flushing duration. 
For each method, there was a unique trend of level changes in the Urea Storage Tank. These trends are 
illustrated in figure 2. 
As it is shown in figure 2, level of urea solution in the tank starts to increase rapidly for the first 6 to 8 hours 
in which the Flushing is in progress and then decreases slowly in 3 to 5 days based on each reduction test 
procedure to reach its lowest amount which is normally about 1.5% of total tank height.  
Figures 3 and 4, in addition, show level changes more clearly at the beginning of level increment and at the 
end of tank depletion, respectively. 
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Fig. 2: Variation of the urea storage tank level for different capacity reduction procedures 

 
Fig. 3: Urea storage tank level increment for different capacity reduction procedures 

Two important parameters in figures 2 to 4 are the maximum increase in tank level and the final depletion 
time of the tank. Obviously as much higher the minimum capacity reduction in each test procedure was kept, 
the maximum increase in the tank level went higher. For example, the tank level reached to about 73% when 
the plant capacity was kept 95% during Flushing of the Granulator in P3-Sav test run. On the other hand, 
when the capacity was reduced to 80% during Flushing process, the level of urea storage tank increased 
just up to 47.5%.  
It is clear that lower maximum level of urea storage tank leads to sooner total depletion time for the tank and 
this may prevent changing in composition of the urea solution before feeding again to the Granule section. 
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Fig. 4: Urea storage tank depletion for different capacity reduction procedures 

Figure 5 illustrates the average Biuret content of the urea storage tank versus time of depletion for all case 
studies of this investigation. Samples were taken every 6 hours and results show predictable increase in the 
Biuret content as the residence time of urea solution becomes longer in the tank. 

 
Fig. 5: Biuret content of stored urea solution over time 

There is a considerable increment in Biuret content of figure 5, when residence time passes the 3rd day. This 
result in combination with final depletion time chart (Figure 4), indicates that methods P3-Sav and P1-Des 
with depletion time of about 5 days and more, strongly affect composition of urea solution, that is very 
unfavourable as discussed before. 
It should be mentioned that differences in capacity reduction methods, depletion time of urea storage tank, 
Biuret content of urea solution and other indirect effects of related parameters, should be presented in the 
Granulator normal operational duration. The latter is shown in table 2 for each test procedure as well as 
other two important factors: urea storage tank depletion time and maximum Biuret content. 
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Table 2 
Granulator duration for proposed capacity reduction procedures 

 Title Urea storage tank  
depletion time 

(hours) 

Max Biuret content 
in urea storage tank 

(%) 

Granulator  
normal duration 

(days) 
P1-Des Design procedure 87 0.47 23 

P2-ShD Short-design procedure 73 0.44 34 

P3-Sav Production saving procedure 117 0.49 18 

P4-Imp(1) Improved procedure no.1 107 0.48 13 

P4-Imp(2) Improved procedure no.2 82 0.46 31 

Results in table 2 show that the longest duration of the Granulator are 34 and 31 days for P2-ShD and P4-
Imp(2), respectively. In both these methods, urea storage tank depletion time and max Biuret content are 
the lowest among other results. On the other hand, except for P4-Imp(1) which was an abnormal condition 
and will be discussed later, P3-Sav run test with the longest urea storage tank depletion time and the highest 
max Biuret content resulted in the Granulator duration of only 18 days. These achievements are completely 
in agree with our prediction about the considerable effect of level and composition of the Urea Storage Tank 
on the normal operation of the Granule section and also its indirect effects on the Melt section itself. 
Let’s take a look at the last two rows of table 2 where the same reduction procedure was performed for both 
P4-Imp(1) and P4-Imp(2) but the results were different. It can be seen in figure 2 that a few hours after 
starting consumption of urea solution in storage tank for P4-Imp(1) test procedure, because of a technical 
problem in LP section of urea plant, there was a minor increment in the level of urea storage tank and then 
very slow urea consumption was reported and after about 33 hours, consumption rate became normal until 
the end of depletion time which was 107 hours. The Granulator duration for this case was only 13 days in 
comparison with 31 days for P4-Imp(2). This result proves that the normal operating of the Granulator is 
strongly dependant on the Melt section controlling condition which could affect composition of urea solution 
in storage tank as well. 
Considering all above discussion about best condition for capacity reduction before Flushing the Granulator, 
now we should determine if it is economically worthy to lengthen the Granulator operational duration or not. 
Also we should choose between the two best methods regarding the longest Granulator operational duration: 
P2-ShD and P4-Imp(2) with 34 and 31 days, respectively. 
There are two completely different economical evaluations: a) The decrease in annual income because of 
the reduction of urea synthesis capacity before starting the Flushings; b) The extra expenses because of 
Flushings during a year including steam condensate consumption for washing, low pressure steam 
consumption during and after Flushing, compensatory payments for site workers and etc. 
Less reduction in synthesis capacity results in lower loss of annual income, but if this procedure leads to 
shorter operational duration of the Granulator, more number of Flushings should be done in a year and it 
would be resulted in more Flushing expenses as well as much depreciation of equipment and workforce. In 
table 3, the result of economical calculations for each reduction procedure is given. 
Comparing columns A and B of table 3, obviously there would be more Flushings in a year when the 
Granulator operational duration is shorter. This causes much annual expenses in general (column C of table 
3). In column D and E, the amount of reduction in the plant urea production due to each capacity reduction 
method is determined. It is clear that, performing design procedure, P1-Des, would lead to much higher 
reduction in urea production in compare with other procedures: 5 times at least. Since every ton of reduction 
in urea production would cause in a certain amount of income loss for the company, method P1-Des would 
result in considerable economical disadvantages in compare with other methods. So the obvious conclusion 
here is, not to consider design procedure for capacity reduction before flushing. 
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Table 3 
Economical calculation for proposed capacity reduction procedures 

 Granulator 
normal 
duration 
(days) 

Flushings 
per years1 
(number) 

Annual 
Flushings 
expenses2 

($) 

Production 
reduction in 

each 
Flushing3 

(ton) 

Annual 
Production 
reduction  

for Flushings 
(ton) 

Annual loss in 
production 

income  
for Flushings4 

($) 

Total annual 
loss in income   
for Flushings 

($) 

A B C D E F G 

P1-Des 23 16 160,000 500 8,000 1,600,000 1,760,000 

P2-ShD 34 11 110,000 110 1,210 242,000 352,000 

P3-Sav 18 20 200,000 30 600 120,000 320,000 

P4-Imp(1) 13 28 280,000 55 1,540 308,000 588,000 

P4-Imp(2)** 31 12 120,000 60 720 144,000 264,000 

1 Let’s consider 365 working days per year 
2 Approximately 10,000 $ for expenses of each Flushing includes steam condensate consumption for washing, low pressure steam 
consumption during and after Flushing, compensatory payments for site workers and etc. 

3 KPIC is designed to produce 2,000 ton urea per day 
4 Average price for exporting KPIC’s urea product in 2018 was 200 $/ton 

Among other four results, it is shown in column C of table 3 that procedures P2-ShD and P4-Imp(2) have 
the lowest annual flushing expenses with 110 and 120 thousand dollars respectively. So it is still hard to 
choose the best of these two methods regarding their non-economical discussion before. 
The final factors than can lead us to the best selection of these methods, are annual loss in production 
income for Flushings (column F of table 3) and total annual income loss for Flushings (column E of table 3) 
which is the summation of annual flushing expenses (column C) and annual loss in production income for 
Flushings (column F). 
It is illustrated in table 3 that the annual loss in production income for Flushings of P4-Imp(2) procedure is 
much less than that of P2-ShD procedure. One may say that the annual loss in production income for 
Flushings P3-Sav is the lowest one presented in column F of table 3, but the answer is in column E when 
the summation of total expenses and total income loss is compared, P4-Imp(2) has the lowest economical 
loss among other methods. This conclusion is shown in figure 6 as well. 

4. CONCLUSION 
In the present paper, the effect of different types of capacity reduction procedures before preparing the urea 
plant for Flushing of the Granulator on the Granulator operational duration was investigated in Kermanshah 
Petrochemical Industries Co. utilizing actual data which was derived from real-time run tests. 
Both technical and economic aspects of each run test were studied in order to reach an optimized method 
for the capacity reduction procedure before Flushing. 
It was concluded that higher minimum capacity reduction leads in higher level increase in the urea storage 
tank and the latter may lengthen the total time of depletion of this tank after finishing the Flushing process. 
The more residence time for urea solution in its storage tank, the more Biuret content as an unfavourable 
component for both synthesis process and product quality, which has the considerable potential to change 
normal condition of whole plant including the Granulator and may resulted in shorter operational duration of 
this equipment. 
On the other hand, it is not economical to keep the plant capacity very low for a long time preparing for the 
Granulator Flushing because it would cause in noticeable reduction of annual production income. 
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Fig. 6: Annual income loss and Flushings expenses in different capacity reduction procedures 

The upshot is an optimization between these factors. As an ultimate result of this investigation, lowering 
plant capacity to 90% and keeping it for at most 6 hours while the Granulator is flushing and then utilizing 
the spare urea injection Header of the Granulator to return the plant capacity to 100% just after finishing the 
Flushing, would result in the relatively long operational duration of the Granulator which comes with lowest 
annual loss in company’s income for Flushings. The optimized maximum level of urea solution storage tank 
should be kept about 50% and the rate of consumption of urea solution from this tank should be adjusted in 
such a way that the total tank depletion time doesn’t exceed 80 hours. 
This concluded procedure has been performed in KPIC since 2018 and resulted in higher performance of 
urea plant. The average Granulator operational duration is now 25 days in compare with 18.5 days as it was 
before utilizing the improved capacity reduction procedure. 
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