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Abstract 

Due to its high nitrogen content and easy absorption by plants, urea is being increasingly used in today's 
agriculture and fertilization industries around the world. Urea formulation is synthesized in production 
units under various licenses and provided to the market in different forms. Granular urea is one of the 
newest methods of offering this product which has been welcomed not only by consumers, but also by 
many urea process design licenses.  
In this method, a stream of under size products is constantly circulating in the system. These seeds are 
always present in the granulator chamber as primary nuclei. Meanwhile, fine droplets of molten urea 
(which are formed by the nozzles at the chamber floor and by spouting air flow) adhere to theses seeds. 
During this process, the primary nucleus grows and dries as it grows in size.  
Finally, the product is discharged from the chamber in form of a mixture of under, normal and over size 
granules. After being separated, normal sized granules are sent to be loaded and stock in the storehouse 
as the final product. At the same time, under size granules are directly returned to the chamber while 
over size undergo a crushing phase before being reverted to the main chamber and used as the primary 
nuclei. 
In the following sections, the article aims to describe some key points contributing to maintaining and 
enhancing the quality of granulation and its associated operational conditions by computing and 
analyzing the empirical data obtained from the 3250-MTPD Granular Urea Plant of Shiraz Petrochemical 
Complex, licensed by Toyo Engineering Corporation (TOYO).   
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Introduction  

Due to its high nitrogen content and easy absorption by plants, urea is being increasingly 
used in today's agriculture and fertilization industries around the world. Urea formulation 
is synthesized in production units under various licenses and provided to the market in 
different forms. Granular urea is one of the newest methods of offering this product which 
has been welcomed not only by consumers, but also by many urea process design licenses.  

In this method, a stream of under size products is constantly circulating in the system. 
These seeds are always present in the granulator chamber as primary nuclei. Meanwhile, 
fine droplets of molten urea (which are formed by the nozzles at the chamber floor and by 
spouting air flow) adhere to theses seeds. During this process, the primary nucleus grows 
and dries as it grows in size. (Figure 1)  

Finally, the product is discharged from the chamber in form of a mixture of under, normal 
and over size granules. After being separated, normal sized granules are sent to be loaded 
and stock in the storehouse as the final product. At the same time, under size granules are 
directly returned to the chamber while over size undergo a crushing phase before being 
reverted to the main chamber and used as the primary nuclei. (Figure 1) 

In the following sections, the article aims to describe some key points contributing to 
maintaining and enhancing the quality of granulation and its associated operational 
conditions by computing and analyzing the empirical data obtained from the 3250-TD 
Granular Urea Plant of Shiraz Petrochemical Complex, licensed by Toyo Engineering 
Corporation (TOYO).   

 

 

 



Population Calculation 

As we know, the standard diameter of output product approved as the "size" is considered 
to be between 2 to 4 mm (Or 3 mm on average). Accordingly, using the sphere volume 
equation, each granule volume is computed as 15 mm3.  

Taking into account the urea density (1.32 ton/m3), 140 ton/hr product will have a volume 
about 105 m3/hr. If this total urea volume is divided by one granule volume, the number of 
produced urea granules will be obtained which is almost 7 billion granules per hour. 
Considering the real conditions, 10 billion granules per hour seems to be a rational 
approximation.  

Applying the above calculations on the granule chamber outlet (assuming that each 230 
ton/hr of product comprises 80% standard granules (3 mm), 10% undersized granules (1 
mm), and 10% oversized granules (5 mm)), the output would be over 40 billion granules/hr 
which includes 10 billion standard size granules as the actual output product and 30 billion 
granules as the returned or recycled inventory mainly comprising of undersized products 
with the oversized being less than 1 billion. 

However, the most significant question is what the necessity and use of such calculations 
and statistics are? 

 

Population Balance  

There is a notion in the bubble, droplet and granular systems called "population balance". 
It is somehow analogous to mass, energy and momentum balance subjects. Simply, it states 
that the population in a stable system shall be constant; (in fact, the total of input population 
- output population+ generated population - lost population shall be equal to zero).1 Look 
at Figure.1 for example; assuming the output being 40 billion granules/hr, the input feed 
should also be the same number, while in this case, 10 billion granules are constantly 
leaving the system. According to this assumption, if the amount is not compensated, the 
population in the granulator will reach a small handful amount in less than 4 hours.  

That is why crushers are so critical. In fact, the crushers should be able to compensate for 
10 billion output granules (known as "seed") by crushing 1 billion oversized products or 
otherwise, the system will not be stable; with the number of seeds being decreased (or 
given the decrease in the amount of molten urea deposit and the constant flow of urea 
solution), the seeds' population will be reduced and their size will uncontrollably grow 
bigger and bigger.  
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Figure 1. Granulation section schematic 

 

Granulation Quality and Conditions  

As you know, granulation quality of the final product is determined by the seeds' size or diameter. 
Considering the conditions and exploited equipment, it is almost impossible to have completely 
homogenous granules. Thus, three major size-range is introduced to determine the quality of the 
final product as described in the following table: 

Oversized > 4 mm 

Size  2-4 mm 

Undersized  < 2 mm 

 



As granules may not be thoroughly homogenous within the very abovementioned ranges 
again, Gaussian distribution chart can properly illustrate the granulation distribution 
(Figure 2). 2 

 

Figure 2. Comparison of product granulation degrees using Gaussian distribution chart 

 

According to the predetermined standards and acceptable quality and conditions for the 
distribution of granulation (i.e. more than 90% sized, less than 7% oversized, and less than 
3% undersized) and with regard to the shape of Gaussian distribution chart, necessary 
modifications can be applied in order to retain the quality of granulation in different 
operational conditions.  

 

Granulation Condition Adjustment 

As shown in figure 3, two major changes may occur in the state of Gaussian charts in 
general:  

1. Displaced peak  
2. Lowered peak  
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Figure 3. Schematic of two major incidents on Gaussian distribution  

A) Displaced peak     B) Lowered peak 

If the line pressure or any other granule production equipment and conditions undergo 
any change, the first state is the usual result. It this case, the distribution can be retrieved 
by adjusting the gap between the crushers' lower rolls (or upper rolls if possible) and also, 
by modifying the granulation residence time. 

Note: In such a case, applied modifications may be reported as ineffective for several 
consecutive work shifts which is often due to screens misperformance. Therefore, 
maintaining and upkeeping the screen's performance during the operation, as well as the 
timely replacement of their mesh, should always be considered.  

The second state may occur in case of the following two scenarios:  

The first scenario is fulfilled if the gap between the crusher's lower rolls are not adjusted 
evenly (and their output samples differ significantly). In this case, equalizing the gaps can 
simply be the remedy to reach a normal granulation condition.   

In the second scenario which is more important, after launching the granulation process, 
due to the variability of parameters and conditions (particularly, augmentative nature of 
molten urea flow and returning product tonnage), the granulation in the output of the 
granulator gets more amplitude and its distribution becomes out of range on both sides. In 
that instance, applying any change to reduce either side's volume will be useless. For 



example, decreasing the oversized products in a work shift will lead to an increase in the 
undersized products in the next one and vice versa.  

 

Figure 4. Return from highly dispersed distribution to normal state 

 

Therefore, in order to reduce the time of granulation normalizing process (from several 
days to 2-3 work shifts), it is better to decrease one side (i.e., under or oversized) frequency 
using crushers in order to heighten the graph peak (by reducing the distribution range) and 
at the same time, move the peak to the mean position of graph by applying adjustments to 
the residence time (like the first scenario) so that normal distribution is reached.  

Note: It is recommended that the number of oversized granules be reduced first by rolls 
gap modifications and after that, the residence time be prolonged. The reason is that the 
decrease in the number of undersized granules by increasing the rolls gap can raise the 
frequency of oversized products and thereby overload on equipment and at the same time, 
it can also bring the risk of reduction in population and input seeds. 

 

Finally, it should be noted that the mentioned material and the calculated figures in this 
paper are approximate and based on empirical observations and so, they are merely 
theoretical. Therefore, their proof or correction as a theory requires multiple and precise 
measurements as well as gathering information in different operating conditions.  

 

Suggestions  
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1. Taking samples from the granulator output (and, if possible, crushers) in 
addition to the output product 

2. Presenting the percentage of the population for different size-ranges in 
samples for better analysis based on population balance (e.g. total number of 
granules in a sample, the number of undersized granules in a sample, ...) 

3. Due to the risk of reduction in the population of input seeds, avoid increasing 
the crushers' rolls gap for adjusting the granulation distribution as far as possible.      
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𝜕𝑓
𝜕𝑡
+ 𝛻. (𝐕𝑓) = 𝐵(𝑡, 𝑥) − 𝐷(𝑡, 𝑥) 

f: number density (particles/volume) 

V: local product of velocity 

B: birth rate of particles 

D: death rate of particles 
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