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Abstract 
The demand for urea is continuously growing and entwined with the need for fertilizers and 
animal feed additives. Industrially, urea is initially produced in liquid form as a concentrated 
solution. Then, it can be converted into particulate material either through granulation or prilling 
processes. Since granules have better attributes than prills, nowadays granulation is the 
preferred production route. Urea granulation is a multifaceted process that requires several 
operation units, which constitute the granulation circuit, to produce the solid form (granules) with 
the desired attributes. The main unit of the circuit is the granulator, where small urea particles 
known as seeds are continuously fed and sprayed with a urea concentrated solution. The seeds 
grow through deposition of the solution droplets onto the solids surface, followed by water 
evaporation and urea solidification. The granules that leave the size enlargement unit are size 
classified into product, oversize and undersize streams. The product is transported to storage 
facilities, while the oversize fraction is fed to the crushers for size reduction. The crushed oversize 
particles are then combined with the undersize granules and recycled back to the granulator as 
seeds. Focusing on urea, the advantages of granules over prills are discussed by exploring the 
physical properties of both solid forms. Then, the current available technologies for urea 
granulation are presented in a comparative manner. From this analysis, the fluidized-bed 
granulator appears as the most widely used equipment for granular urea production. Due to this 
preference, different approaches to model fluidized-bed granulators are presented aiming to give 
a comprehensive picture of the fundamental phenomena that occurs within these granulation 
units. Special attention is placed on the granules growth mechanism, and its proper 
representation. Although coating is the preferred urea growth mechanism, unexpected operating 
situations may favor size enlargement by agglomeration that is an undesired phenomenon. 
Therefore, based on experimental data obtained in a pilot-scale fluidized-bed batch granulator for 
urea production, the influence of the operating variables on both granules quality and growth 
mechanisms is discussed. Finally, mathematical models for peripheral circuit units (crusher, 
cooler and screens) are presented. By coupling all the involved units, a complete granulation 
circuit simulator is reported. Steady state and dynamics results obtained by means of the urea 
granulation simulator are provided to show the influence of different circuit operating variables on 
the marketable product size distribution and the plant throughput. Summarizing, this chapter 
gives an introduction to the main features of the urea granulation process and remarks operation 
problems that face the granular urea production together with possible strategies to overcome 
them. 
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Chapter 1 

PRODUCTION OF GRANULAR UREA 
AS NITROGENOUS FERTILIZER 

Ivana M. Cotabarren, Diego E. Bertin, 
Sussy Veliz Moraga, Leonardo Mirazu, 

Juliana Piiia and Veronica Buca[a• 
Department of Chemical Engineering, PLAPIQUI, 

Universidad Nacional del Sur, CONICET, Bahia Blanca, Argentina 

ABSTRACT 

The demand for urea is continuously growing and entwined with the need for 
fertilizers and animal feed additives. 

Industrially, urea is initially produced in liquid form as a concentrated solution. 
Then, it can be converted into particulate material either through granulation or prilling 
processes. Since granules have better attributes than prills, nowadays granulation is the 
preferred production route. Urea granulation is a multifaceted process that requires 
several operation units, which constitute the granulation circuit, to produce the solid form 
(granules) with the desired attributes. The main unit of the circuit is the granulator, where 
small urea particles known as seeds are continuously fed and sprayed with a urea 
concentrated solution. The seeds grow through deposition of the solution droplets onto 
the solids surface, followed by water evaporation and urea solidification. The granules 
that leave the size enlargement unit are size classified into product, oversize and 
undersize streams. The product is transported to storage facilities, while the oversize 
fraction is-fe<t-tucrnsln;rs-for size reduction. The crushed oversize particles are then 
combined with the undersize granules and recycled back to the granulator as seeds. 

Focusing on urea, the advantages of granules over prills are discussed by exploring 
the physical properties of both solid forms. Then, the current available technologies for 
urea granulation are presented in a comparative manner. From this analysis, the fluidized
bed granulator appears as the most widely used equipment for granular urea production. 
Due to this preference, different approaches to model fluidized-bed granulators are 
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presented aiming to give a comprehensive picture of the fundamental phenomena that 
occurs within these granulation units. Special attention is placed on the granules growth 
mechanism, and its proper representation. Although coating is the preferred urea growth 
mechanism, unexpected operating situations may favor size enlargement by agglome
ration that is an undesired phenomenon. Therefore, based on experimental data obtained 
in a pilot-scale fluidized-bed batch granulator for urea production, the influence of the 
operating variables on both granules quality and growth mechanisms is discussed. 
Finally, mathematical models for peripheral circuit units (crusher, cooler and screens) are 
presented. By coupling all the involved units, a complete granulation circuit simulator is 
reported,···Steady-st-ate~and~dynamies-r-esults-obtained~by-means-ef·the urea -granulation 
simulator are provided to show the influence of different circuit operating variables on 
the marketable product size distribution and the plant throughput. Summarizing, this 
chapter gives an introduction to the main features of the urea granulation process and 
remarks operation problems that face the granular urea production together with possible 
strategies to overcome them. 
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NOMENCLATURE 

Granulator bottom diameter (m) 
Arithmetic mass mean diameter (m) 

Arithmetic mass mean diameter of size class i (m) 

Granulator top diameter (m) 
Value of the objective function (-) 
Space between lower crusher rolls (mm) 
Space between upper crusher rolls (mm) 
Bottom screen aperture (mm) 
Granulator conical section height (m) 
Granulator cylindrical section height (m) 
Height of chamber k (m) 
Top screen aperture (mm) 
Weir height (m) 
Number of a size interval (-) 
Chamber number (-) 
Initial urea mass in the bed (kg) 

Final urea mass in the bed (kg) 

Yr-e-a-fllelt-massflowrate to each granulator chamber (kg/s) 

Screen oversize mass flowrate (kg/s) 
Screen product mass flowrate (kg/s) 
Recycle fraction (-) 
Size Guide Number (mm x 100) 
Size Guide Number corresponding to the product stream (mm x 1 00) 
Time (s) 
Initial simulation time (h) 
Second chamber fluidization air temperature (K) 






























































































































