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Summary  
Applying prilling towers as the finishing technology for new urea production plant is still a popular 
choice nowadays in some areas where the urea product is used domestically. On the other hand fluid 
bed granulation and Rotoformer technologies offer better quality products and lower emission figures.  
In principle prilling towers can be divided into natural draft and forced (induced) draft prilling towers 
with each its advantages and disadvantages. The prilling devices can be shower head sprayers or 
rotating buckets, the latter are more efficient as these realize a better and more even prill distribution 
over the coverage area of the prilling tower. 
Advantages of prilling towers are its simplicity and in the case of a natural draft tower its low power 
consumption. Disadvantage are the relative low quality of the prills and the emission of dust and 
ammonia present in a large volume of air.  
The dust and ammonia emission in kg/hr have a proportional relation with the production rate. Many 
times governmental regulations require only a maximum concentration for the dust and ammonia 
emission. This is not sufficient as in the design phase the air flow and thus the concentration can be 
chosen freely. So in fact in this way one could simply dilute the emissions.  
Towers with natural draft cooling are reported to have less dust emission than towers with 
forced/induced draft air cooling. Operational and maintenance procedures have a significant effect on 
the dust emission figures: Fouling of the prilling device, operation at non-optimal speed, high melt 
temperature, high prill temperature at the tower base, high air velocities and the air velocity 
distribution all influence dust emission figures. 
Selection of the appropriate equipment for dust scrubbers can be a complex issue. Wet scrubbers 
seem to be more attractive than dry dust collectors and only few companies like for example BECO, 
USA have proven to be successful. 
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1. Introduction 

 
Emissions from industrial installations is nowadays of more and more importance. The largest 
emission point from a urea plant is the exhaust of a prilling tower or granulation section. 
Continual studies and improvement of measuring techniques and purification technologies are leading 
to stricter requirements being laid down in governmental regulations.  
 
Some 80% (about 400) of all urea plants worldwide produce prills and thus have a prilling tower in 
operation. Besides it is the oldest technology to solidify urea it is also popular due to its simplicity. 
In the top part of the prilling tower urea melt is passed to a rotating prilling bucket or shower heads 

sprayers.  
The shower head sprayer nozzle system has 
several disadvantages:[6] 

• Frequent choking of sprayers - thus 
frequent cleaning of sprayers is required, 
making it labor-intensive 

• Less utilization of prilling tower area, 
thus prill temperature will remain on 
higher side 

• Non-uniform size of the prills.  
Due to high installation cost and disadvantages 
of sprayer nozzle systems it has been largely 
replaced by a prilling bucket system.  Urea melt 
leaves the rotating bucket in the form of droplets 
having an average diameter of typically 1.7 mm, 
sometimes 1.9 mm. During its fall, the droplet is 
crystallized owing to the exchange of heat with 
the ascending cooling air, which leaves the tower 
at the top and contains both solid and gaseous 
pollutions.  
Nowadays other technologies like fluid bed 
granulation and Rotoformers are often applied as 
the urea product will be of a significant better 
quality and emissions are more easy to control.  
Disadvantage of prilling towers are the relatively 
low quality of the prills and the emission of dust 
and ammonia present in a large volume of air. 
The dust and ammonia emission in kg/hr have a 
proportional relation with the production rate. 
Many times governmental regulations require 
only a maximum concentration for the dust and 
ammonia emission. This is not sufficient as in the 
design phase the air flow and thus the 
concentration can be chose within certain limits 
freely, so in fact in this way one is able to simply 
dilute the emissions.    

 
 
 
 
 
 
 
 
 
 
 

Picture: Natural draft prilling tower 
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2. Emissions 
 
The prilling tower is a major source of emission in urea plants. The large volumes of discharged 
untreated cooling air contain particulate urea dust (1-2 kg/t) as well as NH3 (0.7-1.0 kg/t).[1]  
This paper discusses the dust emission, in a later paper the ammonia emissions will be discussed. 
 
Figure 1 gives a survey of the characteristic sizes of particles and particle dispersoids. Those whose 
diameter is smaller than 1 µm are regarded as fume and we speak of dust if the diameter is larger. 
The size of particles present in the atmosphere ranges from less than 0.01 to about 20 µm. 
 

 
Figure 1: Survey of characteristic sizes of particles and particle dispersoids 
 
Analysis of a number of samples from the exhaust air of a urea prilling tower showed that about 1 to 
10 % of the dust is water-insoluble, which means that this portion may be considered inert in relation 
to the urea process.[1] Of course, the inerts percentage depends on the degree to which the aspirated 
air is polluted. The part that could be dissolved in water appeared to be urea. 
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Let us investigate where the dust origins in a urea prilling tower. 
 
a) Dust formation in the top part of the prilling tower 
 
Prilling is a process in which the urea melt is divided into droplets using a prilling device. The droplets 
formed by falling down in a prilling tower, are contacted with a large amount of air. Whilst falling 
down, the contact with the air makes the droplets to cool down and solidify. 
 
Several kinds of prilling devices are used, such as rotating baskets or shower heads. In some 
technologies vibration is applied on these prilling devices in order to produce droplets of more uniform 
shape. Whatever device is used, they all have one thing in common: dividing the melt into droplets is 
done in the direct neighborhood of the prilling device. The resulting droplets must directly have the 
size that is required for the final product; for fertilizer application therefore droplets of 1.5 to 2.5 mm 
size are the minimum that is required. Comparing this droplet size to what is usual in spraying 
technologies, then the droplets as produced in prilling must be characterized as ‘very coarse’. As a 
result of this, the specific surface area of the droplets is rather small (~ 3.5*103 m2/m3) as compared 
to e.g. a fine mist produced in a two phase sprayer (~ 1.*105 m2/m3). In the cooling process of the 
droplets, the heat transfer in the boundary layer air/melt is the limiting factor. The area of this 
boundary layer being proportional to the droplets surface area makes this heat transfer process for 
prills a relative slow process.[5] 
 
Whilst this explains the big size of prilling towers on one hand, it also has a detrimental effect on the 
dust formation during the prilling process. The slow cooling of droplets causes a relative long period of 
time during which the droplets are in the liquid-phase. In liquid form urea has a low, but noticeable 
vapor pressure, and as long as the droplet surface is in the liquid form, evaporation of urea to the air 
in the prilling tower will occur from the droplets surface. The resulting urea vapor (which partly may 
be in the form of iso-cyanic acid) sublimizes on a short distance from the prill, as soon as the air from 
the boundary layer mixes with the colder surrounding air. This urea desublimation process produces 
urea dust, which by the nature of its creation is a very fine urea dust.  
 
Thus the high temperature of the urea melt and the low partial pressure of the ammonia cause urea to 
decompose into isocyanic acid and ammonia when leaving - and immediately after having left - the 
prilling bucket according to the equation: 
 
H2NCONH2   <==>   NH3   +  HCNO 
Urea   Ammonia  Isocyanic acid 
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Urea again forms from the two components by 
sublimation as a result of cooling. The size of the 
particles so formed is very slight, so that emission 
occurs. An increase of the melt temperature is 
attended by a strongly increased decomposition and, 
hence, dust formation. The reaction product of NH3 
and isocyanic acid (HCNO) to form urea leads to urea 
dust with a particle size between 0.1 and 3.0 µm and 
is about 20% of the total dust emission.  
The condensation products of urea vapors/aerosols 
lead to urea dust with a particle size between 0.5 and 
2.0 µm and is about 50% of the total dust emission. 
 
When the urea melt issues from the bucket, satellite 
droplets form which have a diameter generally lying 
above 170 µm. In the emission of dust this 
phenomenon hardly plays a role because of the low 
cooling air velocity. Prill satellites and undersize prills 
lead to urea dust with a particle size between 10 and 
100 µm and is about 5% of the total dust emission. 
 
This means some 75% of the dust emission origins 
from the top of the prilling tower. The dust is well 
visible in the top part of the tower, particularly round 
the prilling device. 
  
 
Picture: Dust formation in the top of prilling tower 
 

 
 
b) Dust formation on the floor of the prilling tower 
 
Dust may form on the floor of a prilling tower partly because of prills crashing, partly because of the 
pulverizing action of the scraper; a portion of this dust may be carried off by the cooling air. 
In normal cases the share of this dust in the overall emission is only very small (typically 5% of the 
total dust emission), the dust then being hardly perceptible in the prilling tower. In plants where 
capacities have been strongly raised higher air velocities will occur, so that a greater amount of dust 
may be carried off. 
Seeding dust can finally lead to urea dust with a particle size between 1 and 20 µm and is about 20% 
of the total dust emission.   
 
 
It is obvious that the size of the dust particle at the exhaust of the prilling tower depends on such 
operating conditions as the rate of ascent, the pressure and the temperature of the cooling air. 
 
Figure 2 shows the relation between urea particles carried off and the air stream velocity. 
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Figure 2: Relation between diameter of urea particles carried off an air stream flow velocity 
 
From Figure 2 appears that no significant emission of particles in excess of 170 µm (satellite droplets) 
is to be expected if the rate of ascent amounts to 1 m/s. Typically the air velocities are lower than this 
value.[7]  
 
In principle there are two kinds of prilling towers: natural draft and forced (induced) draft. 
In natural draft prilling towers the air flow which solidifies the urea melt droplets and further cools the 
prills is flowing upwards in the prilling towers as a result of convection; hot air has a lower density 
than cold air and flows upwards. No energy costs are involved to create this airflow. 
The air velocity depends on geometry of the prilling tower (height, diameter) and the flow resistance 
at the prilling tower inlet and outlet but is typically lower than in forced draft prilling towers. 
Advantages of natural draft prilling towers are the low energy consumption. Disadvantages are that a 
natural draft prilling tower is not easy to debottleneck and it will not be feasible to install a 
dust/ammonia scrubber while relying on the natural draft air circulation. Simply because a dust 
scrubber needs a relatively large flow resistance to be effective. 
In forced or induced draft prilling towers the air flow is driven by means of air blowers. Disadvantages 
of a forced draft prilling towers is the high energy consumption. Advantages are that a forced draft 
prilling tower can easy be debottlenecked and it will be feasible to install a dust/ammonia scrubber. 
 
  
 
 
 
 
 



  

 

7 

The dust quantity mainly depends on the operating conditions. 
In the past the urea dust granulometry has been measured of several prilling towers. Please refer to 
Figure 3 for the results.[1] 

 

 
 

Figure 3: Granulometry of urea dust from six different prilling towers 
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It appeared that the particle size of 30 to 80 % by weight of this dust was smaller than 1 µm. 
The emission tends to contain finer dust particles if the temperature of the aspirated cooling air drops: 
The measurements of 5.1. has been carried out at a lower cooling air temperature than 5.2. 
 
 
Figure 4 shows the energy required to clean the air from the exhaust of the prilling tower versus the 
urea dust particle size.  

 
Figure 4: Energy required for air cleaning versus urea particle size 
 
From Figure 4 one can conclude that to clean the exhaust air from smaller urea dust particles requires 
exponentially more energy. One should not lose sight of the fact that also the generation of energy 
forms a direct taxation of the environment. 
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3. Measuring methods 
 
The solids emission of a prilling tower is characterized both by the amount of dust contained in the off-
gases and by the particle size distribution. Monitoring of these two quantities forms a difficult task, 
especially in the ventilator channels of the tower. The following requirements must be met irrespective 
of the measuring method applied: 
 
- Isokinetic exhaust of the dust-laden air from the off-gas fan by the measurement equipment. 
This requirement is satisfied by measuring both the gas velocity and the velocity distribution in the 
ventilator channels. The exhaust conditions are so chosen that the air sample is aspirated by the 
measuring equipment at an equal rate. Isokinetic exhaust on the prilling tower is difficult because 
there is no constant flow pattern in the exhaust channels. 
 
- No moisture absorption by the sample. 
Contact between the dust collected and the moist air should be avoided. The hygroscopic dust readily 
absorbs water, which has an adverse effect on the quantity and size distribution measurements. A 
sampling apparatus installed in the ventilator channel may help. 
 
 
 
4. Measuring results 
 
In the past urea dust measurements have been performed in six prilling towers in five urea plants.  
The results obtained in a number of prilling towers have been compiled into the Figure 3 here above 
and  Table 1 here below.[1] 

 
Table 1: Ammonia and Urea dust emissions measured in six prilling towers 

 
 
The dust emission generally varies from 30 to 100 mg per Nm3 of air, with one peak of 220 mg/m3, 
where the temperature of the urea  melt was measured to be 145 oC. The cooling air quantity 
amounts to 400,000-600,000 m3 of air/hr. 
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The grain analysis shows that 30 to 80 % by weight of the emitted material is smaller than 1 µm, 
while only about 10 % exceeds 10 µm. 
 
The nature of the dust emission has been determined analytically. 
The water-soluble part of the particles collected appears to consist of urea; the presence of such other 
components as cyanates, carbonates, biuret, etc., cannot be demonstrated.  
 
 
Table 2: Determination of dust from prilling towers 
 

 
 
 
The insoluble part, ranging from 1 to 10 %, consists of inert material, which is perceptible in the dust 
samples as fine-colored dust and has been introduced into the prilling tower by the cooling air. 
 
 
Figure 5 shows the granulometry of the dust at a point close to the prilling bucket and at a point in the 
ventilator channels. 
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Figure 5: Granulometry of urea dust close to prilling bucket and at outlet of fan 
 
The dust analyzed at a point close to the prilling bucket is considerable finer than that collected in the 
ventilator channels, which confirms the statement in Chapter 2 that most of the dust is formed from 
the prilling device. 
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5. Reduction of dust emissions 
 
There are two principle options to reduce the emission of urea dust from the prilling tower: 
a) Tracing the causes leading to the formation of the urea dust pollution 
b) Installation of a dust scrubber 
 
 
a) Tracing the causes leading to the formation of the urea dust pollution 
 
The following measurements and observations have been made in the urea prilling tower:[1] 
- Around the prilling bucket a dust cloud is visible, where also the highest ammonia concentration 

is measured 
- An increased urea melt temperature results in a larger dust emission 
- Isocyanic acid was detected around the prilling bucket and in the exhaust air of the prilling tower 
- The grain size of the dust particles emitted is very small; viz. 1 µm for about 30 to 80 % of the 

total dust emission 
- The emitted dust consists of urea and inert material 
- The dust measured at a point close to the prilling bucket is finer than that determined in the 

ventilator channels 
- The grain size of the emitted dust particles becomes smaller as the temperature of the aspirated 

cooling air decreases 
- In an existing prilling tower a practically linear connection between the emissions of solid urea 

dust and ammonia can be shown to exist 
 
All of these facts support the hypothesis that the formation of urea dust is for a major part caused by 
sublimation of evaporated urea from the melt spray as a result of the temperature drop during the 
first few meters of the cooling trajectory. The other causes contributing to the dust emission are of 
less importance.  
 
Table 3 shows a summary of the origin of urea dust, its typical particle size range and its contribution 
to the total amount of dust. 
 
 
Table 3: Urea dust, its origin, typical particle size range and its contribution to the total amount of dust. 
 

particle size  contribution 
in µm   in wt%  

 
condensation of urea vapors      0.5-2    50 
 
reaction between gaseous components 
and subsequent desublimation (ammonia +    0.1-3    20 
isocyanic acid) 
 
prill satellites and undersize prills     10 - 100   5 
 
crushed material and dust resulting from 
attrition on the tower floor      0.1-100   4 
 
dust particles in air intake      < 20    1 
 
seed dust        1-20    20 
 
 
As most of the dust is formed by condensation or desublimation, process operation will - as is to be 
expected - be of considerable influence on the degree of dust formation.  
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Important factors are: 
 
- Fouling of the prilling bucket 
Measurements have shown that the dust emission from a fouled prilling bucket may be 2 to 3 times 
higher than that from a clean bucket; as a result of a wider spread in prill granulometry dust 
formation will increase, as there are more fine drops, more coarse drops with a thin solid scale that 
will disintegrate on hitting the floor, and greater evaporation owing to an increase in surface area. 
Holes, it has been observed get choked due to rust, corrosion products coming to bucket from process 
pipes-, -equipments or mud, jute etc. coming from dissolving section of urea product handing plant 
(Bagging plant). Provision of activated carbon, fine size mesh will avoid this problem to a great 
extent.[6] 

 
- Operating the prilling bucket at a non-optimal speed 
Running bucket at higher rpm than optimum will result more fines in both urea prills product and 
prilling tower exhaust air. Similarly if the bucket is run at less than optimum rpm then more coarse 
droplets will generate - these droplets will not be solidified properly and will disintegrate upon hitting 
the tower bottom. For good prills quality, it should be mentioned here, bucket should be neither 
underloaded nor overloaded and it should run at optimum rpm which can be determined 
experimentally. For a given plant load this is generally done by noting over-flow speed, the speed at 
which joint prills come viz. bucket overflows and then stepwise increase of rpm by 10 till it hits tower 
wall. Prill temp, and sieve analysis at each10 incremental rpm done and then rpm for best prill size 
distribution is selected. Needless to say if plant load is increased marginally then this optimum rpm 
will also increase. 
 
- The urea melt temperature 
At a urea melt temperature of 145 °C the emission will be approx. 10 % higher than at a melt 
temperature of 138 °C, all other process conditions being equal; this is due to increased evaporation. 
 
- Too high a prill temperature at the bottom of the prilling tower 
The largest prills have not yet solidified completely, and disintegrate hitting the bottom, which results 
in a considerably larger amount of crushed material. 
  
- The spread in prill granulometry 
If there is a wide size distribution, there will be more chance of the largest prills not being completely 
solidified and disintegrating on the tower bottom. A narrow granulometric spread can be achieved with 
a modern design prilling bucket. 
 
- Prilling tower capacity 
Dust emission is approximately proportional to the prilling tower capacity because both the specific 
evaporation area and the fraction of small prills remain the same (supposing the granulometry to be 
unchanged). 
 
- The air velocity and the air velocity distribution in the prilling tower 
As the velocity increases, more coarse dust is entrained. 
 
- The weather conditions (relative humidity, temperature, wind velocity and direction) 
The quantity of air, the distribution of the air and the cooling rate of the prills are influenced by the 
weather. 
 
Under conditions of optimum process operation, dust emission is 1 to 1,5 kg per metric ton of urea. 
 
 
b) Installation of a dust scrubber 
 
Numerous dust-washing systems have been proposed, only few of them seem to combine the required 
qualities to make them successful also in commercial operation: 
- high dust collecting efficiency 
- low pressure drop 
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- low investment cost 
- commercially proven 
 
At this moment, the dust scrubbers of BECO Engineering company, USA, seem to be a good choice for 
prilling towers, since they have several references. At a power consumption of around 1 kWh / 1000 
Nm3 of air, dust outlet concentration in the order of 25-30 mg/Nm3 can be realized. Higher collection 
efficiencies are achievable[7]; however this goes to the cost of exponential growth in required pressure 
drop, and thus goes to the cost of a rapid rise in power consumption.[5] 

To clean the exhaust air from smaller urea dust particles requires exponentially more energy. One 
should not lose sight of the fact that also the generation of energy forms a direct taxation of the 
environment. 
 
 
 
6. Conclusions 

 
Applying prilling towers as the finishing technology for new urea production plant is still a popular 
choice nowadays in some areas where the urea product is used domestically. On the other hand fluid 
bed granulation and Rotoformer technologies offer better quality products and lower emission figures.  
In principle prilling towers can be divided into natural draft and forced (induced) draft prilling towers 
with each its advantages and disadvantages. The prilling devices can be shower head sprayers or 
rotating buckets, the latter are more efficient as these realize a better and more even prill distribution 
over the coverage area of the prilling tower. 
Advantages of prilling towers are its simplicity and in the case of a natural draft tower its low power 
consumption. Disadvantage are the relative low quality of the prills and the emission of dust and 
ammonia present in a large volume of air.  
The dust and ammonia emission in kg/hr have a proportional relation with the production rate. Many 
times governmental regulations require only a maximum concentration for the dust and ammonia 
emission. This is not sufficient as in the design phase the air flow and thus the concentration can be 
chosen freely. So in fact in this way one could simply dilute the emissions.  
Towers with natural draft cooling are reported to have less dust emission than towers with 
forced/induced draft air cooling. Operational and maintenance procedures have a significant effect on 
the dust emission figures: Fouling of the prilling device, operation at non-optimal speed, high melt 
temperature, high prill temperature at the tower base, high air velocities and the air velocity 
distribution all influence dust emission figures. 
Selection of the appropriate equipment for dust scrubbers can be a complex issue. Wet scrubbers 
seem to be more attractive than dry dust collectors and only few companies like for example BECO, 
USA have proven to be successful. 
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