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Abstract 

Ca Mau Fertilizer is the only urea plant in Vietnam operating fluidized bed granulation technology of 
TEC. After more than 10 years of operation, although we had some challenges at first time period from 
the commissioning, many operating options were tested and applied, the plant has solved a number 
of technical challenges and gradually stabilized and mastered the technology.  We have been on the 
way of doing optimization for granulation and have achieved a certain number of achievements in the 
last 5 years. Within the scope of this paper, we would like to share some improvements and 
experiences during the past time. 

 

Introduction 

TEC granulation technology  is a quite new  in Vietnam. The granulation unit is operated continuously 
for a period of about 25-35 days (max. 45 days), after which the system must be stopped for cleaning. 
Stopping the system for cleaning can be active or passive, but the causes usually come from dust 

accumulation in the system. After a long time searching for the root of the problems, TEC's granulation 
system at Ca Mau fertilizer plant has made important progress. 

In the scope of the paper, we presented  remarkable improvements and made valuable changes to the 

operating conditions of the granulation section, which can be considered as a revolution. 

Conclusions 

Extending the continuous operation time of the fluidized bed granulation is always an important task for 

the plant, especially in the humid weather conditions of Southern Vietnam. Sharing practical experience 
and lessons learned from similar plants around the world always brings great value to the process of 
optimizing technology for each plant. 
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1. Plant history 

Ca Mau Fertilizer Plant started construction in 2008 with a total initial investment of about 900 million 
USD. In April 2012, the plant was put into commercial operation with a designed capacity of 800,000 
tons of granular Urea per year. The natural gas source for the plant as raw materials and fuel is taken 

from the PM3-CAA field. 

2. Technology 

The granulation unit of Ca Mau fertilizer plant is operated according to the copyrighted technology 
developed by TEC- Spout Fluid Bed Granulation Process with following features: 

◼ High energy efficiency: 
✓ No requirement of compressed atomizing air for granulator 

✓ Seed circulation at optimized recycle temperature to minimize cooling duty 
✓ Optimal fluidized bed height to minimize the required fluidizing air pressure  

✓ Uniquely designed low-pressure drop dust scrubber to reduce the energy consumption of the 
exhaust fan equipment. 

◼ High product quality: 
✓ Rapid cooling of the urea solution sprayed in the granulator to reduce biuret formation to 

negligibly small  

✓ Efficient drying in the granulator to achieve low moisture content in products and high product 
hardness. 

✓ Optimal combination of spouted bed and fluidized bed to produce round and uniform products  
✓ Uniquely developed multi-nozzle, which ejects smaller mist particles to reduce moisture 

content and increase product roundness. 
◼ Reducing the amount of urea dust in the environment: 

✓ Optimal nozzles minimize dust formation in the granulator. 

✓ The unique design of the dust scrubber has a proven low differential pressure applied to 
today's commercial plants, reducing urea dust to less than 30 mg/Nm3. 

3. Some scientific bases and learning experiences 
 

◼ Residence time: 

Although the rate of urea crystallization can be controlled by adjusting the temperature of the particle 

bed, in actual production, we do not want the bed layer temperature to be too high. One reason is that 
it increases steam consumption, and the other reason is that it causes serious powdering in the 
granulation system. Under high load conditions, we can adopt methods such as increasing the bed 
temperature to speed up the crystallization rate or prolonging the crystal growth time of urea particles 
in the granulator. From an operational optimization perspective, the latter is more suitable. 

The normal distribution of granule circulation times in the granulator is shown in Figure 1. When 
producing large urea particles, the particle size distribution coming out of the granulator is relatively 

ideal, as shown in the fourth curve in Figure 1. The number of crystal cycles (S) selected for the TEC 
large particle granulation system is generally controlled at 3 to 4 times. 

The residence time of the seed crystals entering the granulator in the granulation zone is τ, which can 
be calculated using the following formula: 

τ = M / (Qs + Qu) 

where M is the total mass of urea particles in the granulation zone, Qs is the flow rate of circulating 

seed crystals entering the granulator, and Qu is the flow rate of urea solution entering the granulator 

(usually taken as the product flow rate). 

The total time for seed crystals to grow in the granulation zone from the supplemented seed crystals 
crushed by the crusher to the final product is T, which can be calculated using the following formula: 

 

T = τS = MS / (Qs + Qu) 
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When the bed height of the granulator remains unchanged, that is, the total mass of urea particles in 
the granulation zone remains constant, increasing the amount of recycling or increasing the granulation 
load will increase the crystal growth time. 

 

Figure 1. Effect of number of stage on size distribution 

If the total time for crystal growth in the granulation zone (T) is shortened, the product water content 

will increase. When the bed height of the granulator increases, the total mass of urea particles in the 
granulation zone increases, and the recycling and granulation load remain unchanged. The total time 

for crystal growth in the granulation zone (T) will be extended. However, when the bed height is too 
high, the number of crystal cycles (S) will decrease, and the total time for crystal growth in the 
granulation zone (T) will be shortened. Therefore, in actual production, it is not advisable to increase 
the bed height to extend the total time for crystal growth in the granulation zone. 

 
◼ The seed circulation and the crusher in the granulation technology: 

✓ The new theory of seed circulation granulation technology states that the number of qualified 
particles is related to the number of particles entering the crusher when the granulation 
system is running smoothly and the number of seed crystals entering the granulator is in a 
balanced state. 

✓ We can prove the following formula approximately: 

 

Np = (n-1)Nci 

In the formula: 

✓ Np  represents the product particles that have been removed as finished products;  
✓ Nci represents the number of particles that enter the crusher (ci = crusher in); 
✓ And Ncf = Nov + Np2, with Nov refers to the number of oversized particles;  
✓ Np2 represents the number of product particles that have been returned to the system (to the 

crushers) 
✓ n is the crushing coefficient (n>1) 

It can be seen that the number of qualified products removed as finished products is not related to the 
number of small crystal seeds, but only related to the number of particles entering the crusher. By 
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controlling the number of seed crystals and optimizing the crushing process, the yield and quality of the 
granulated particles can be improved. 

The shape of urea particles is often irregular, and their size is generally expressed by the particle size. 
For convenience of study, we analyze the volume-averaged particle size of the urea particle group.  

If the volume-averaged particle diameter of the product particles removed as finished products is Dp, 
and the volume-averaged particle diameter of the crystal seeds after being crushed by the crusher is 
Dco (co = crusher out), neglecting the loss due to agglomerated urea and dust, we can prove the 
following formula: 

Mp ~ (n-1) Nci * Dp ^3  (1) 

Mco ~ n* Nci* Dco^3   (2) 

(n* Nci = Nco) 

Therefore: 

Mp = Mco *(n-1)/n *(Dp/Dco)^3    (3)  

 
✓ Crushing number coefficient n: 

Assuming that the volume-averaged particle diameter of the oversize particles (including some product 
particles) removed before the crusher is Dci, then we have Dci^3 = n*Dco^3, and from equation (3), 
it follows that: 

Mp = Mco*(n-1) *(Dp/Dci)^3 

In actual production,  

Dp≤ Dci,  

so n ≥ Mp / Mco + 1. 

The adjustment of the crushing machine roll clearance in the urea granulation system affects the product 

particle size. When the loads of the granulator and the crushing machine are constant, the roll clearance 
of the crushing machine is proportional to the product particle size. Increasing the roll clearance of the 
crushing machine decreases the crushing ratio and the number of crystals, and to maintain stable 
operation, the average particle size of the product must be relatively increased. Conversely, decreasing 
the roll clearance of the crushing machine can only make the product particle size relatively smaller to 

maintain stable operation. 

The adjustment principle of the crushing machine roll clearance is jointly determined by factors such as 
meeting process production requirements and crushing efficiency. Therefore, it is generally not 
recommended to change it easily after setting the operating conditions for production. 

✓ The Relationship Between Crusher Load and Product Granularity: 

After setting the load and roller spacing of the granulator and crusher, the crushing coefficient n of the 
crusher is determined by the extreme value method (n ≥ Mp / Mco + 1). Then the crushing load of the 

crusher is inversely proportional to the average particle size of the product. Increasing the crusher load 
means increasing the number of crystals after crushing. If the particle size remains unchanged, the 
system cannot maintain stable operation. To maintain stable operation, the average particle size of the 

product can only be relatively reduced. Conversely, if the crusher load is reduced, the system can only 
maintain stable operation by relatively increasing the average particle size of the product. If the average 
particle size of the product cannot be changed by adjusting the bed height, the system can only maintain 

stability for a short period of time. Otherwise, the unbalanced number of particles entering and exiting 
the granulator will cause the system to deteriorate. 

✓ Seed Recirculation Ratio: 

The control index for designing the recirculation ratio is 0.5 to 1.0. In the fluidized bed granulation 
process, the particle size distribution is directly related to the amount of recirculation. When the 
recirculation amount is high, the proportion of particles with smaller particle size is higher, and vice 
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versa. From the formula that relates the product quality to the particle quality that has been crushed 
by the crusher, it can be seen that when the load of the granulator and the roller spacing of the crusher 
are determined, the crushing coefficient n is determined by the extreme value method. When the crusher 
load is set, the particle size of the product will be a constant value.  

 

The process for growing the crushed crystal seed from Dco to Dp requires the following cycle: granulator 
--> conveyor belt at the granulator outlet --> bucket elevator --> urea vibrating screen --> granulator, 
which is the cycle for small crystal seeds. When the load of the granulator is constant, the number of 
cycles of small crystal seeds and the amount of recirculation are also constant. Therefore, after setting 
the load of the granulator and the roller spacing of the crusher, adjusting the crusher load directly 

determines the amount of recirculation of small crystal seeds. Optimization and the theory of balancing 
the number of particles at the inlet and outlet of the granulator show that controlling the recirculation 
ratio to 0.3 to 0.4 has a significant promoting effect on extending the operating cycle of the granulator 

and improving product quality. 

✓ Problems in Production: How big is the load of the crusher and the spacing between the 
rollers? 

The particles fed into the crusher come from two sources: one is oversized urea particles, and the other 

is products transported to the crusher via the oversized particle feeder. When the operational conditions 
of the oversized particle feeder decrease or the transport channel is blocked, the load on the crusher 
decreases. If the granulation load and the roller gap of the crusher remain unchanged, the particle size 
of the product will increase. 

When the load on the crusher is reduced to a certain value, and if the number of oversized particles in 
the granulated product at the outlet of the granulator increases significantly, the oversized particles that 
enter the crusher after screening through the urea sieve will increase the load on the crusher. As a 

result, the particle size of the product at the granulator outlet will decrease. Over time, the dynamic 
changes in the number of inlet and outlet particles of the granulator will lead to poor system circulation. 

A comparison of the inlet and outlet loads of the granulation system is shown in Figure 2. The load and 
roller gap of the crusher should be adjusted accordingly to address these issues. 

 

Figure 2. Comparison of Input and Output Loads in Granulation System 

The production yield on the product belt in Figure 2 fluctuates between 105 t to 120 t, or when the 
granulation load is too high, reducing the load on the crusher to decrease the circulating seed quantity 

while keeping the total growth time (T) of the seed in the granulation zone constant, which may also 
lead to oversized particles at the exit of the granulator. Therefore, the problem to be solved is how much 
to adjust the load on the crusher and the distance between the rolls to meet the requirements of the 
production process. 

From the above formula (3): 

Mp = Mco *(n-1)/n *(Dp/Dco)^3 

When the urea granulation load increases or the crusher load decreases, the particle size of the product 
will become larger. If there is a significant increase in oversized particles, oversized particles entering 
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the crusher will increase the load of the crusher, and the particle size of the product at the outlet of the 
granulator will decrease. The dynamic changes in the number of granular particles at the inlet and outlet 
of the granulator will cause system fluctuations. Therefore, it is necessary to adjust the roller spacing 
of the crusher to avoid such phenomena. 

If the roller spacing of the crusher is set to 3 mm for the upper roller and 2 mm for the lower roller, the 
crusher-seed crystal performance curve is shown as curve A in Figure 3. If the roller spacing of the 
crusher is set to 2.5 mm for the upper roller and 1.5 mm for the lower roller, the crusher-seed crystal 
performance curve is shown as curve B in Figure 3. 

 

Figure 3. Crusher - Seed Performance Curve 

 

In Figure 3, point a represents the normal operating condition of the crusher roller spacing. When the 
roller spacing remains unchanged and the crusher load decreases, the operating point changes from 
point a to point b. The return ratio is small, and the product particle size is large. To make the product 
particle size consistent with point a, the roller spacing of the crusher should be adjusted smaller, as 

shown by curve B in Figure 3. The result is that point c has a smaller return ratio than point a, but the 
product particle size remains unchanged. 

Solve the problem: 

For the case of a feeder under super large particle conditions or a blocked conveying channel, and for 
super overloaded granulation that leads to oversized particles at the outlet of the granulator, the solution 
is to adjust the roller spacing of the crusher appropriately. If the product water content reaches the top-

grade product under the premise that the roller spacing is appropriately increased, the dust generated 
during the crushing process can be reduced. If the product water content is excessively high, the roller 
spacing of the crusher should be appropriately reduced to reduce the return ratio, prolong the total time 
for the seed crystal to grow in the granulation zone (T), and reduce the product water content. 

◼ Fluidization control: 

The fluidized bed granulator used for producing large particle urea is a typical horizontal multi-chamber 
fluidized bed, which consists of a porous plate, fluidized bed, nozzle, and air chamber. The liquid material 

is sprayed into the fluidized bed through the nozzle and adheres to the surface of the seeds in a fluidized 
state inside the granulator. The seeds gradually grow through the action of multiple nozzles and are 
discharged from the granulator with the help of the horizontal thrust generated by the fluidized air 
through the oblique holes in the porous plate. 

The interrelationship between the fluidizing air velocity, bed resistance, bed height, and particle motion 
status in the bed of the fluidized bed granulator is shown in Figure 4. 
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Figure 4. Fluidizing air velocity - the relationship between bed pressure drop and bed height 

 

The bed resistance refers to the pressure drop ΔP when the fluid passes through the bed, and the bed 
height refers to the height between the bed surface and the porous plate. When the fluidizing air passes 

through the bed from bottom to top, the following three basic conditions appear gradually with the 
increase of fluidizing air velocity: 

(a) Fixed bed stage 

When the fluidizing air velocity is low, the material particles are stationary on the porous plate, and the 
bed height does not change. However, the bed pressure drop increases with the increase of fluidizing 
air velocity, as shown in region A in Figure 4. 

(b) Fluidization stage 

When the fluidizing air velocity increases to Umf, the pressure drop is approximately equal to the weight 
of the bed, and the bed particles are in a fluidized state. The bed height and pressure drop increase 
linearly with the increase of fluidizing air velocity, as shown in region B in Figure 4. 

(c) Turbulent stage 

When the fluidizing air velocity continues to increase beyond Umf, the bed particles are in a turbulent 
state, and the bed height and pressure drop reach a maximum value. The bed pressure drop also 

increases significantly, as shown in region C in Figure 4. 

Unit area mass of material on the bed, particles begin to loosen, the bed height slightly increases, but 
the bed as a whole does not move significantly, and this airflow rate is called the critical fluidization 

velocity. As the airflow rate continues to increase, the particles loosen noticeably, and the bed height 
continues to increase until the pressure drop reaches equilibrium. The excess fluidizing gas passes 
through the particle bed as bubbles, and these small bubbles rise quickly and merge with other bubbles, 
causing intense movement in the bed as shown in zone B in Figure 4. 

(d) Entrainment stage: When the fluidization airflow rate increases to Umax, the particles in the fluidized 
bed are carried out of the granulator's top, reducing the bed particle quantity and bed resistance, and 
the bed boundary is not evident as shown in zone C in Figure 4. 
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In fluidized bed granulation operations, the fluidization airflow rate U0 must be between the critical 
fluidization velocity Umf and the entrainment velocity Umax. 

The speed of particle growth is related to the length of time that particles stay in the granulator. 
Lowering the fluidization air volume reduces the horizontal pushing force of the fluidization air, which is 

beneficial to the number of times or adhesion of urine on the seed crystals. The particle growth rate is 
faster. Increasing the fluidization air volume can increase the horizontal pushing force of the fluidization 
air and reduce the number of times urine is wrapped on the seed crystals. If the gas flow rate is lower 
than the lower limit, solid particles cannot move normally and fluidization stops; when the gas flow rate 
is too high, small solid particles are carried out, resulting in an increase in dust. 

(1) When the flow rate of the fluidizing air is low, the number of seed crystals in the returned material 

is small, the proportion of returned material is small, the average particle size of the returned seed 
crystals is large, and the number of oversized particles on the granulation outlet conveyor belt increases 
while the particle size also increases. Conversely, when the flow rate of the fluidizing air is large, the 

number of seed crystals in the returned material is large, the proportion of returned material is large, 
the average particle size of the returned seed crystals is small, and the number of oversized particles 
on the granulation outlet conveyor belt decreases while the particle size also decreases. 

 

(2) As the flow rate of the fluidizing air increases, the water content of the product decreases. However, 
when the flow rate of the fluidizing air exceeds U0, which corresponds to a bed pressure differential of 
3.5 kPa, the water content of the product no longer decreases. 

By analyzing the granulation characteristics of a horizontal multi-chamber fluidized bed, it can be 
observed that the particle growth rate is related to the residence time inside the granulator. Changing 
the opening of the fluidizing air fan's damper, adjusting the fluidizing air velocity U0 between the critical 
fluidizing velocity umf and the exit air velocity Umax, and measuring the flow rate of the fluidizing air 

using the bed pressure differential of the fluidized bed can all help control the size of the particles. 
Additionally, collecting urea particles (a mixture of particles discharged from the granulation machine's 
vibrating discharger and those spilled from the granulation machine's overflow pipe) from the 
granulation machine's outlet conveyor belt can help analyze the particle size and water content of the 

particles. The analysis of the quality ratio and product moisture content provides a theoretical basis for 
our actual production. 

◼ Vibrating screens: 

The purpose of screening is to separate particles by size using screen hole size. Under normal conditions, 
particles smaller than the screen hole size should all pass through the screen and be collected as 
undersize material, while particles larger than the screen hole size should remain on the screen surface 
and be discharged as oversize material. However, in actual production, there are always some fine 
particles that remain on the screen surface and cannot pass through, or particles larger than the 
separation size may fall into the undersize material due to reasons such as screen damage. 

Two indicators are commonly used to evaluate the performance of screening equipment during 
operation: processing capacity and screening efficiency. Processing capacity reflects the quantity of 
products, while screening efficiency reflects the completeness of the screening process and is an 
indicator of product quality. Processing capacity and screening efficiency are the main indicators 
reflecting the performance of the screening machine. There are some ways to adjust the performance 
and capacity of a vibrating screen with a specific amplitude, one of which is to change the size of the 

vibrating screen mesh. In particular, the efficiency and capacity of the vibrating screen can be adjusted 

by changing the inclination angle of the screen, however, this issue will not be discussed in this article. 

 

4. Operation problems and improvements 

The plant design is based on the technology copyright combining Saipem (Urea melt) and TEC 
(Granulation) technologies. 
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TEC granulation technology  is a quite new  in Vietnam, during the initial operation and technology 
mastery, the operation team faced difficulties- such as the continous operating time is not stable, the 
operators cannot be proactive in shutdown for cleaning the granulation system, the particles recycle in 
whole system is high, leading to increased energy consumption.  

The granulation unit is operated continuously for a period of about 25-35 days, after which the system 
must be stopped for cleaning. Stopping the system for cleaning can be active or passive, but the causes 
usually come from dust accumulation in the system. 

During operation, dust is continuously generated and part of the dust will accumulate and gradually 
increase in the system, they adhere to the granulator wall and on the safety net as well as on the gas 
lines. 

The amount of dust accumulated over time will gradually increase, when it’s enough to form large dust 
clumps, they will begin to fall on the spray nozzles below, causing them to partially or completely be 
clogged. At the location of the clogged nozzles, the urea solution cannot be sprayed out in the form of 

a mist, but into a liquid stream, creating dust clumps or damp dust, which is also a sign of a cleaning 
stop. When the clumps appear until the operator can't control it, the system will have to stop for 
cleaning. 

Dust in the system is generated from two main sources- from the granulator and from the crusher. Dust 

is generated due to the following reasons: 

◼ The temperature in the granulator is high. 
◼ The particle bed height in the granulator is low. 
◼ High moisture content in seeds. 
◼ High seed recycle ratio 
◼ Particles crushed with many seeds broken into dust (not round) 
◼ UFC additive quality 

In particular, the stability of fluidized bed granulation technology is highly dependent on weather and 
climate conditions. Humid and rainy weather conditions are one of the unfavorable factors for the 
stability of granulation operation. Humid air not only requires large energy consumption to dry the air 
system, but also causes problems of clogging of particle lines, especially seed lines in the system. It is 

also one of the primary causes of stopping granulation. Passive and unscheduled granulation cleaning 
will increase the frequency of granulation downtime during the year, which increases operating costs 

due to extra energy consumption during cleaning and recovery. 

After a long time searching for the root of the problems, TEC's granulation system at Ca Mau fertilizer 
plant has made important progress. 

In the scope of the paper, we presented  remarkable improvements and made a huge change to the 
operating conditions of the granulation section, which can be considered as a revolution. 
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N.O IMPROVEMENTS INTENSION RESULTS/EFFECTS 

1 

Optimizing the 
particle bed height 
and reducing bed 

temperature in the 
granulator (G07601) 

• Increasing height of the 
last overflow (weir) plate 
of G07601  

• Decreasing the existing 
particle bed temperature  

 

• Dust recycle of system came down 
by 17% 

• The steam consumption for vacuum 
concentrator is also reduced 

• Steam consumption for granulation  
reduced by 20-30% (depends on 
the weather) 

2 
Extending the seed 
inlet chute to 
G07601 

• Vertically expanding the 

seed inlet chute  

• The negative pressure on the inlet 

chute is stable, preventing dust 
from spreading to outlet 

• Particles flow is evenly distributed 

when entering the G07601, helping 
to limit dust in the first chamber. 

• Partially resolved the problem of 
clogging the seed inlet chute 

3 

Modifications to  
serve the  
granulation cleaning 
to be optimized in 
terms of time and 
quality  

• Solve the problem that 
the washing water often 
flows into the seed 
hopper when washing 

the vibrating screen 

• Use tin cap to shield 

particle line during 
cleaning of vibrating 
screen and entire system 

• Design  convenient water 
washing line along the 

granulation system 

• Adjust and modify 
washing line in the air 
line from granulator to 
dust scrubber 

• Keep seed particles dry and free 
from water during washing,  prevent 
dirt from entering the system 

• Make washing and checking spray 

nozzles easier and more convenient 

• Save time washing the granulation 

system. 

4 
Change the rotation 
direction of the 

vibrating screens 

• Change the direction of 
rotation of the vibrating 
screen to match the 
direction of loading down 
from the feeder 

• Increase the efficiency of urea 
screen S07601A and S07601C 
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4.1. Optimizing the bed height and reducing bed temperature in the granulator 
G07601. 

The problem: 

In the past, the operating parameters of the granulator with injection pressure were low, the granulator 

temperature was high, and the operating pressure difference was low. This on the one hand generates 
more dust in the system, and at the same time, the particle circulation in the system is high, it causes 
high energy consumption and lacks stability when the granulation cleaning cycle comes very early. 

Through the process of analysis and evaluation, we realize that the particle volume in the granulator is 
still low, the residence time is short, resulting in uneven particles, more dust in the system and the 
moisture content also be high. Although steam consumption is high, the moisture content in the seeds 

was not reduced deeply. 

The solution: Optimize the residence time of particles in granulator by adjusting particle bed height 

- Increasing the last overflow (weir) plate to change bed height 
- Increase Urea feeding pressure for improved mist dispersion and compatibility with high bed 

height 
- Decreasing the bed temperature to reduce dust generation when humidity has been reduced 

through the above 2 solutions 

The results: 

- Dust recycle of system came down by 17% 
- The steam consumption for vacuum concentrator is also reduced. Granulation’s steam 

consumption reduced by 22%, sometimes it reaches 30% reduction (depending on the 
weather). 

 

◼ The bed temperature control: 

Of course, the bed temperature is related to the size and number of crystalline particles entering the 
granulator, the concentration of urea solution, the negative pressure of the granulator, etc. The higher 
the bed temperature, the slower the forming speed after the urea solution is ejected, the greater the 
possibility of adhesion between the particles, and the poorer the appearance of the particles. 

At the same time, the higher temperature will intensify the evaporation of water, making the granulation 
process easy to produce dust and shorten the operation cycle of granulation. 

5 
Modification of 
fluidizing air heater 
to save steam 

• Utilizing the high 

temperature steam 
condensate flow out of 
the vacuum concentrator 
to heat fluidizing air 
instead of using steam 

• Reduced the steam consumption of 

the Granulation by 24% ( depending 
on the weather) 

6 
Increased particle 
size distribution 2-4 

mm over 91% 

• Change the mesh size of 
the urea screens to 
smaller size 

• Improve granular urea product 
quality, more uniform particles, 
increase competitiveness in the 
fertilizer market 
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The interior of the finished granular product also forms voids due to the rapid rate of water evaporation, 
which affects the strength of the  granular products. 

The temperature of the outlet material rises accordingly, which affects the operation of the downstream-
system, such as the crushing efficiency of the crusher. 

◼ The bed height control 

The material level of the granulator is controlled by the discharge vibrator with variable frequency 
(V07603).  

Adjustment of the discharge vibrator frequency should not be turned on too large to prolong the urea 
granules in the granulator (increase residence time), so as to reduce the moisture of the finished product 
and improve the uniformity of the granules out of the granulator. Part of the finished product passes 

through the granulator discharge overflow is continuously flowing to the weighing belt (V07602) 

◼ Control of negative pressure of granulator 

The lower the negative pressure of the granulator, the smaller the particle size of the seeds and the 
smaller the effect of the seeds on the sphericity of the finished product. The disadvantage of a higher 
negative pressure is that the smaller diameter particles in the seeds that are crushed by the crusher 
and the smaller droplets produced by urea solution atomization are easily carried by the exhaust gas to 
the dust scrubber because of their lighter mass; even if some of the smaller crystal seed particles and 

smaller urea solution droplets meet to form solid particles, they are still likely to be carried by the 
exhaust gas due to their lighter total mass. 

This can increase the load on the dust scrubber and result in the return of dilute urea solution (from 
dust scrubber) to the evaporation unit. This increases the flow of dilute urea solution (from dust 
scrubber) back to the evaporation process, which affects the concentration efficiency of the evaporation 
process. 

The concentration efficiency of the evaporation process is affected, and the concentration of urea 

solution into the granulator is not guaranteed. 

This is very unfavorable to the quality control of the finished product. 

◼ Pressure Control of Spray Head of Melted Urea solution in Granulator 

In order to obtain the best effect of urea solution atomization, the urea solution spraying  pressure is 
controlled at optimized range 

When the urea solution is sprayed at higher pressure, the droplet diameter formed by atomization is 

smaller, and the thickness of the sprayed surface per unit time is reduced. The thickness of spraying to 
the surface of crystalline seeds per unit time is reduced, and the rate of particle size increase is slowed 
down. This can reduce the water content of the finished product and improve the particle strength; 
avoid the uneven surface due to the rapid increase of particle volume when the diameter of urea solution 
droplets is large. The surface is uneven and the curvature changes a lot when the diameter of us droplets 
is large, the appearance quality of the finished pellets becomes poor. 
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Figure 5. The process of incremental adjustment of the bed height and the results obtained 

 

4.2. Extending the seed inlet chute to G07601 

The problem: 

Weather conditions have a great influence on the stability of granulation. With the wet seasons, 
especially with a lot of rain, the seed pariticle lines is often clogged. If the blockage is detected late, or 
the unblocking treatment is not timely, stopping granulation for cleaning is inevitable. 

In addition, the unclogging treatment of the seed lines often leads to a large amount of seeds falling on 
the spray nozzles, leading to clogging of the nozzles near the seed inlet chute. 

In normal operation, gradually over time from the beginning of the cleaning cycle, an amount of seed 

and dust companions are gradually accumulated at the inlet of granulator, so the gap between top of 
fluidizing bed and the seed chute top was reduced. The accumulation increases leading to the gap 
gradually approaching to disappear 

Thus, such accumulated particles and dust will eventually caking. And the vacuum level of the seed 
line decreases over time. 

 

Figure 6. Clogging in the seed inlet chute 
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Time 
The 

pressure of 
granulator 

The pressure of 
seed inlet 

line 1 

The pressure 
of seed inlet 

line 2 

The pressure 
of seed inlet 

line 3 

The pressure 
of seed inlet 

line 4 

Remark 

Starting 
day 

Base Kpa Base+0.11 Kpa Base+0.11 Kpa Base+0.11 Kpa Base+0.11 Kpa Stable 

After 7 
days 

Base+ 0 Kpa Base+0.13 Kpa Base+0.13 Kpa Base+0.13 Kpa Base+0.13 Kpa Stable 

After 14 
days 

Base+ 0 Kpa Base+0.26 Kpa Base+0.25 Kpa Base+0.25 Kpa Base+0.26 Kpa Choked 

Table 1. Negative pressure’s changes at the seed inlet chute during normal operation period  

 

The solution: 

We have evaluated and confirmed that raising the bed height is not synchronized with the seed inlet 
chute. So we expanded the seed chute height and put it into operation. 

The results: 

- The negative pressure on the inlet chute is stable, preventing dust from spreading to outlet 
- Particles flow is evenly distributed when entering the G07601. The solution after being sprayed 

and dispersed can reach most of the seeds, helping to limit dust generation in the first chamber.  
- Partially solved the problem of clogging the G07601 seed chute, helping the granulation system 

to work stably and continuously. 

 

Time 
The 

pressure of 
granulator 

The pressure 
of seed inlet 

line 1 

The pressure 
of seed inlet 

line 2 

The pressure 
of seed inlet 

line 3 

The pressure 
of seed inlet 

line 4 

Remark 

Starting 
day 

Base Kpa Base+0.09 Kpa Base+0.09 Kpa Base+0.09 Kpa Base+0.09 Kpa Stable 

After 7 
days 

Base+0 Kpa Base+0.11 Kpa Base+0.11 Kpa Base+0.11 Kpa Base+0.11 Kpa Stable 

After 14 
days 

Base+0 Kpa Base+0.16 Kpa Base+0.15 Kpa Base+0.15 Kpa Base+0.16 Kpa 
insignificant 
increase 

Table 2. Negative pressure changes not much at the seed inlet chute during normal operation period  

(after modification) 

 
4.3. Modifications to  serve the  granulation cleaning to be optimized in terms of time 

and quality  

The problem: 

It can be said that the stability of a granulation cycle depends largely on the quality of the previous 
cleaning. Therefore, how to clean both quickly and effectively is always concerned by the operation 
team. 
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Base on the experiences, we noticed a few major impacts on granulation restarts and its later stability, 
so we've made some improvements: 

- Solve the problem that the washing water often flows into the seed hopper: Use tin cap to shield 
particle line during cleaning of vibrating screen and entire system 

 

   

Figure 7. Modification for protecting the particle lines from water ingress 

- Design  convenient water washing line along the granulation system  
- Adjust and modify washing line in the air line from granulator to dust scrubber: 

 

The results: 

 

Figure 8. Cleaning time is shortened 

The consequences of the above remedies are : 

- Keep seed particles dry and free from water during washing  
- Prevent dirt from entering the system 
- Make washing and checking spray nozzles easier and more convenient  
- Save time washing the granulation system.  
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The solution has greatly reduced the dust clinging to the wall on the granulator neck gas line (to dust 
scrubber), which is maintained clean during operation. These improvements help to shorten the cleaning 
time of the granulator by about 1 hour. 

4.4. Changing the direction of rotation of urea screens 

The problem: 

According to the original design, all A-B-C-D vibrating screens rotate in the same counter-clockwise 
direction. However, according to the feeders direction, the A-B and C-D screen are symmetrical, while 
the particle distribution in the B-D screen is very even, that one in A and C floors is very poor, 
concentrated on one side. 

We have changed the rotation direction of the screens S07601A/C to match the direction of loading 

down from own feeder. The particles are more evenly distributed in 2 screens A and C after changing 
the rotation direction, it helps to improve the screens's performance. 

 

Figure 9. Before modification: The counter-clockwise rotation direction for all 4 screens 

 

 

Figure 10. Before modification: Poor particle distribution on the screen surfaces 
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Figure 11. After modification: The new clockwise rotation direction for 2 screens A and C 

 

Figure 12. After modification: Particle distribution is better 

 

4.5. Split E07602 into E07602A/B and use LC condensate from S06125 for 1 bundle 

The problem: 

In August 2020 we make an important modification for the heat exchanger E07602- fluidizing air heater. 

By separating the device into two parts, one using the existing steam and the other utilizing the heat 
from the LC after S06125- steam condensate from the vaccum concentrator: 1 tube bundle uses the 
residual heat of the condensate stream after coming out of the vacuum condensate heat exchanger 
shell. 

Because the E07602 has 2 bundles and uses only a small amount of LS Steam flow to heat the fluidized 
bed air stream. The assessment of existing heat exchange surface is based on calculations and 
simulations of the actual equipment model, along with the basic formula Q=U.A.LMTD. 
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After being put into service, the system was reduced the steam consumption of the Granulator from by 
23% (weather dependent). 

 

Figure 13. Heat loops before the modification  

 

 

Figure 14. Heat loops after the modification 
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Figure 15. Apperance of the fluidizing air heater before the modification 

 

 

Figure 16. Apperance of the fluidizing air heater after the modification 
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Figure 17. Energy saving because of the modification  

4.6. Adjust PSD by changing the mesh size of the urea screens:  

The problem: 

In the past, we only focused on the particle size distribution of 2-4.5mm at over 95%. 

In 2019, our plant received a request for a product quality of 2-4mm particles at over 90%. Adjusting 
the clearance of the crusher rollers and controlling other parameters can achieve the particle size 
distribution ratio as mentioned above. However, during operation, the percentage of 2-4mm particles 
often dropped below 90%, leading to continuous adjustments in the technology and causing an 
imbalance in the system. Dust generation is more, the rate of seed recycle increases, the load of the 
conveying equipment increases and the most important thing is that the system is unstable, the 

operation must be adjusted and checked regularly.    

After evaluating and analyzing the system for a period of time, we decided to switch to a smaller mesh 
size. This resulted in a consistent particle ratio of 2-4mm above 90% and improved stability.  

Changing the mesh size of the urea screens to smaller size leads to results as below. 

Result: 

Increase product particle size distribution 2-4 mm > 90%. 
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Figure 18. PSD 2-4mm <90% before 

 

Figure 19. PSD 2-4mm ~ 90% after adjusting the rollers spacing 

 

Figure 20. PSD 2-4mm > 90% after changing mesh size of screens 
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Figure 21. Changing the mesh size 

 

 

5. Conclusion: 
Optimizing granulation operation towards prolonging continuous service cycles, optimizing cleaning 
processes, improving product quality and controlling on-demand particle standards have always been 
important topics. The research and building of theoretical bases in analyzing and explaining operational 

problems always need attention from the licensors as well as the plants, in which the sharing and 
exchange of experiences between fertilizer plants is very valuable. 




