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ABSTRACT – The fluidized bed granulation process is 

used in various applications in areas like 

pharmaceuticals, chemical, fertilizer and various 

industries. This process takes place inside a fluidized 

bed column where a binder solution is sprayed onto the 

powder in order to granulate the powder. Controlled 

spraying and optimum nozzle diameter of the binder 

solution is necessary for an optimal process. It is 

important to determine dependence of spray angle and 

nozzle properties at different scales used during 

development, as this information can be used as a basis 

for establishing process parameters for the 

manufacturing process. This paper presents the 

influence of ammonia release with multiple parameters 

used for spray angle and nozzle size characteristics of 

starch urea solution sprayed for the top spray 

granulation process in a fluidized bed chamber. 

 

1. INTRODUCTION 

The most common method of fluid bed granulation 

is top spray granulation where the binder solution is 

spread from a nozzle located above the fluidized bed [1-

4]. Droplets from the spray nozzle get deposited onto 

the solids in the bed or chamber. The fluidization is 

carried out using hot air, and hence liquid from the 

droplets is vaporized which is the ammonia gases [5].  

The granulation process in the fluidized bed is a 

complex process since there are a number of parameters 

that can affect the product output and increase the 

number of waste [6]. A list of most of the important 

process and apparatus parameters is presented by 

Rambali et.al, which includes atomization nozzle 

parameters such as nozzle air pressure, nozzle height 

position, nozzle air cap position, nozzle diameter and 

spray rate of binder solution [7]. They showed that 

atomization pressure and air cap position were 

significant parameters affecting the geometric mean 

granule size. This research, models were developed to 

simulate the spray angle and nozzle size with the effect 

of ammonia amount release by using starch urea binder 

solution for top spray granulation. 

 

2. METHODOLOGY 
The binder solution was made by adding with ratio of 

deionized water, starch and urea. There was spraying of 

binder solution through the nozzle on to the fluidized 

bed of granulating material. The nozzle was located in 

the upper port above the bed, facing downward. Batch 

size for fluid bed granulation powder was 150grams. 

Spray rate, atomizing air pressure was set to 0.5kg/ cm2. 

The inlet air temperature was set to 650 C and the inlet 

air humidity was not controlled and generally constant. 

The inlet air temperature was monitored throughout the 

granulation process. Samples were taken at regular 

intervals in order to collect the ammonia gas (NH3) 

release. The scope of the modelling and simulation is 

based solely on previous experiment. Thus, the 

parameters and the data from the experiment will be 

used to generate graphs using Matlab12b. Once the 

graphs were drawn, equations were generated so that 

Simulink models can be developed.  

2.1 Modelling for the spray angle 
 

The equation for spray angle versus NH3 emission is  

 

Y= 0.0111x2 – 1.7667x + 110           (1) 

 

Thus a suitable mathematical model of block diagram is 

needed where ‘A’ is replaced to x and is the spray angle. 

The arrangement for the block diagrams is as shown 

below. 

 
Figure 1 Simulink Diagram of Spray Angle 

 

Each block is modified to form the equation for spray 

angle versus NH3 emission. The blocks are then 

connected to each other with signal lines accordingly to 

the figure above. Before the model is ready to be run, 

the spray angles needed to be determined first. At 

Matlab command window, the codes for plotting the 

graph for spray angle are to be used. After entering the 

codes, a command ‘Enter the values of spray angles’ is 

prompted. The spray angle values as in Table 1 are 

entered which are 45, 60 and 90. The NH3 emission is 

then calculated and compared with experimental data. 
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2.2 Modelling for the nozzle size 

 

The equation for size of nozzle versus NH3 emission is 

 

 Y= 0.3726x3 – 5.2143x2 + 25.956x + 7e-12.           (2) 

 

where x is replaced by ‘d’ which is the nozzle size. The 

complete block diagram is as shown below. 

 

 
 

Figure 2 Simulink Diagram of Nozzle Variable 

 

3. RESULT AND DISCUSSION 

Table 1 Indicator of Parameters 

No Symbol Parameter SI Unit 

1 A Spray Rate (ml/min) 

2 B Binder Viscosity (µPa.s) 

3 C Binder Volume (ml) 

4 D Nozzle Size (mm) 

5 E Spray Angle Degree 

6 F NH3 Emission (ppm) 

Table 1 is a reference of parameter used in this research. 

3.1 Manipulated Variable: Spray Angle 

  
Table 2 Spray Angle 

No A B C D E F 

1 8 0.236 250 3 45o 5.3 

2 8 0.236 250 3 60o 4.4 

3 8 0.236 250 3 90o 4.1 

 

 

Spray angle 45o will give 5.3 ppm of ammonia 

emission, 60o will make the ammonia emission 4.4 ppm 

and lastly, the spray angle at 90o is the best angle when 

releases about 4.1 ppm only of ammonia emission.  

 

3.2 Manipulated Variable: Nozzle Size 

 
Table 3 Nozzle size 

No A B C D E F 

1 8 0.236 250 3 90o 4.1 

2 8 0.236 250 5 90o 4.6 

3 8 0.236 250 7 90o 5.4 

 

From the table 3, by using nozzle size of 3mm, 

ammonia amount release is 4.1 ppm followed by 5mm 

diameter of nozzle which is 4.6 ppm. The 7mm nozzle 

diameter produces the 5.4 ppm ammonia amount 

release. 

 

4. CONCLUSION 

From the experiment conduct, the optimum angle of 

the spray nozzle is 90o. It directly sprays the binder to 

the center of the chamber and the urea particles absorbed 

the binder proportionately. Sprayed the nozzles angles 

such 45o and 60o, the binder solutions attached to the 

wall of chamber and escapes as ammonia gas and returns 

to the atmosphere.  

The nozzle diameters are less significant towards the 

process. It is time consuming by using 3mm nozzle 

diameter and the size of the granule is uneven. Nozzle 

size 7mm, contribute higher ammonia release amount. In 

general, increase in nozzle size diameter, gas release also 

will rise. Thus it also prolonged the drying process.  
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