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Abstract 

Particle of different size is used in various applications in areas like pharmaceutical, agriculture, chemical industry etc. The 

production of pellets in the pharmaceutical industry generally involves multi-step processing: (1) mixing, (2) wet granulation, (3) 

spheronization and (4) drying. Fluid-bed rotogranulation (FBRG) is now being considered as an alternative, since it offers the 

advantages of combining the different steps into one processing unit, thus reducing processing time and material handling. This 

work aimed at the design and development of a FBRG process for the production of pellets in a GPCG ACG125 tangential spray 

rotoprocessor and Validation for yielding.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

In the process involving a fluid-bed, particles are suspended in a fluid-like state using gas introduced at the bottom of the bed. The 

gas is normally preheated before it is pumped to the bed where it acts as both heat and momentum carrier. The coating material is 

sprayed directly into or onto the particles. There are a number of possible processes that can take place inside the bed depending 

on the bed’s conditions, seed particle characteristics and the coating material used. Once the coating solution is atomized in the 

nozzle, the resulting droplets can be successful or unsuccessful in reaching and attaching themselves to a particle surface. The 

coating solution that does not attach itself to a particle is spray dried and may be elutriated out of the bed if it is light or remain in 

the bed if it is sufficiently heavier. The fines that remain in the bed can be joined with other spray-dried fines resulting in fines 

agglomeration or they can be captured by larger particles resulting in ‘snow ball’ growth. 

When an atomized coating solution successfully collides with particles, it wets their surfaces. Depending on the conditions inside 

the bed, wetted particles may collide and form liquid bridges between them or they can be dried resulting in a layered growth. If 

there is excessive wetting, many particles will form bridges between them, thus joining together to form large wet clumps which 

will lead to the defluidization of the bed in a phenomenon known as wet quenching (Nienow and Rowe, 1985). In the case of 

moderately wetted particles, a number of solid particles will remain joined together when their liquid bridges are dried. The 

continuing existence of these solid bridges will depend on their strength. If the adhesive force is strong and the solid bridges join 

together many particles, then these particles will remain joined and the bed will eventually collapse as it cannot fluidize these large 

particles. This phenomenon is also known as dry quenching. At the same time, if the adhesive force is strong but the solid bridges 

joins together only a few particles, the process will continue and the resulting product will be a few particles joined together to 

form larger particles (i.e. agglomeration). On the other hand, if the adhesive forces are weak, the dried solid bridges will break 

leaving some coating on the surface of the particles. This will eventually lead to coated particles. 

 Fluidized bed granulators or agglomerates can be categorized by five different configurations [4]  

1) Top spray: conventional, no draft tube, the nozzle is usually placed at the top outside the moving powder bed spraying 

downwards. 

2) Bottom spray: the spray is introduced from a nozzle located at the centre and bottom of the bed, inside the powder bulk. 

3) Wurster-coater: bottom spray granulator where the bed contains a draft tube (Wurster insert) to create a circulating flow 

pattern. 

4) Tangential spray coater: a rotor placed at the bottom of the bed is rotated and air is fed through a gap between the rotor and 

the wall. Liquid is sprayed onto the roping solids flow from a tangential injection nozzle. 

5) Spouted bed: the fluidization air is introduced from the bottom via adjustable cylinders. The powder is entrained by a spout at 

the centre. Liquid is injected from a bottom spray nozzle. 
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II. DESIGN METHODOLOGY 

 
Fig. 1: complete view of GPCG125 

While designing the system it was very important to have a helicoidal flow pattern, fluidization, air flow rate, air gap pressure, 

bed moisture content, binder flow rate this are all the parameters need to be controlled for uniform coating. 

 Design Constrain 

- Uniform Air Flow 

- Nozzle Position 

- Coating thickness and uniformity 

- Particle Circulation 

 Uniform Air Flow: 

While designing the system it was very important to have a uniform air flow through all the side which will ensure proper 

fluidization in the system so that every particle can be coated efficiently and uniform. 

 
Fig. 2: Uniform air flow 

 Nozzle position: 

Depending upon the type of application and requirement the position of nozzle varies for our aim is to get a uniform airflow with 

helicoidal flow pattern so it is necessary to have a tangential spray system to get maximum drug content as well as uniform coating. 
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Fig. 3: Types of nozzle position 

 Particle Circulation: 

Particle circulation is very important characteristic to have maximum yielding (coating thickness and drug content) proper flow of 

particle is important to avoid particle to particle, particle to wall collision which leads to breakage of particle so rotor insert 

arrangement is introduced in the system to avoid this problem and to have better particle circulation properties. 

 
Fig. 4: Sectional view of the system 

III. PRINCIPLE OF WORKING 

 
Fig. 5: Principle of working 

1) Rotary fluid bed processors can carry out a single step production of spherical and dense grains. 

2) The additional horizontal disc affords a homogeneous and defined spiral particle motion in the process chamber and allows 

uniform mechanical stress of the product. 

3) The particles are dried by the fluidized air stream, which passes through the gap between the rotor and stationery chamber 

wall. 

4) Several processing operation can be performed - e.g powder layering, particle coating or spheronization. 

IV. MATERIALS AND PROCEDURES 

 Process Parameters: 

There are two phenomena that mainly affect the rotogranulation: the solid flow pattern that influences the particle collision velocity 

and frequency, and the moisture content that plays a role in the particle cohesion through capillary forces and breakage mechanisms. 

The process parameters that are studied in this work are presented in Table 1 along with their respective operating limits. These 

parameters are relevant to the granulation process, as discussed earlier. The low inlet air temperature used(30 ◦C) allows operating 

in a more sensitive zone of the drying air capacity which promotes net process responses to inlet air temperature and moisture 

content adjustments thus providing more flexibility on scale-up. It also mimics processing conditions Encountered with heat 

sensitive drugs. [4] 
Table – 1 

Process parameters and operating limits range 

 
PARAMETER OPERATING RANGE 
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Disc Velocity(rpm) 500-1000 

Feed Rate(gm/min) 2-3.3 

Air Flow Rate(𝑚2/ℎ𝑟) 150-180 

Atm Pressure(kpa) 140-210 

 Equipment and Formulation: 

GPCG125 (ACG) was used for this study. 
Table – 2 

Formulation of coating material 

Sr. No. Particulars 
Coating 

Qty. In (gm) 

 Dry Mix  

1 MCC Pellets (300 - 500 micron) 1453.0 gm 

   

 Liquid Binder  

2 solid Binder -  665 gm %5) 33.25 gm 

3 Colour q.s. 

4 Powder 259.35gm 

   

 Total 1745.6gm 

 Material Selection: 

The parts which come in contact with the product are made up of stainless steel AISI 316L (containing 0.03% C, 17% Cr, 65% Fe, 

2% Mn, 2.5% Mo, 12% Ni, 0.045% P, 0.03% S, 1% Si) and the Parts which come in contact with the process gases are made up 

of AISI304 (containing 0.03% C, 18-20% Cr, 65% Fe, 2% Mn, 8-12% Ni, 0.045% P, 0.03% S, 1% Si). AISI 316 has superior 

corrosion resistant Properties, it provides resistance to inter-granular corrosion following welding or stress relieving. Molybdenum 

content helps in resistance to marine environments and low carbon content reduces corrosion in medical in-plant use. Whereas, 

AISI 304 has less carbide precipitation in heat affected zo during welding . It has application in chemical equipment evaporator, 

cooling coils and dairy equipment. 

 Characterization of Final Product Properties: 

The properties evaluated for the granules produced during an experiment are process yield. 

%yield=Actual pellet weight / Theoretical pellet weight *100 

The trial was taken on GPCG125 to calculate the efficiency of the system. Number of trials was taken by changing the parameters 

like atm pressure, air flow rate, sprays rate and disc velocity and tried to get maximum yielding from the system.The total batch 

size of 1453gm. 
Table – 3 

Process Parameters 

Sr No 
 

Parameters 

Trial on 

(Scitech Tangantial spray) 

Powder feeding. 

1 Spray Assembly Tangantial 

2 Nozzle Insert 1.0 mm 

3 Solution tube 4 X 7 mm 

4 Batch Size 1453gm 

5 Inlet temp. 33-37 0C 

6 Product temp. 29-33 0C 

7 % Flap 10 % 

8 Air flow (m^3/hr) 150-180 

9 Atm. Air pressure 1.4-1.5 bar 

10 Spray rate (gm/ min.) 5-6 gm 

11 Inlet RH 33-38 % 

12 Shaking mode Asynchronus 

13 Shaking frequency 30/3 

14 Spraying time 55.0 min. 

15 Drying Time 3.0 min 
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16 Total process time 58.0 min 

   

 Process Yield:  

1 Therotical Yield 1745.0 gm 

2 Prictical Yield 1695.0 gm 

3 % Yield 97.13 % 

4 Good Pellet yield 85.64 % 

5 Oversize (Doublet) 13.33 % 

6 Fines 1.03 % 

7 % Efficiency (Powder) 65.0 % 

   

V. RESULTS AND DISCUSSION 

 
Fig. 6: Actual model of GPCG125 

It was observed from the experimentation that the number of pellets used was 1453 having weight of 1gm/pellet so the total 

weight of the pellets was 1453gm solid binder weight was 33.25 and the actual powder which is sprayed over pellets was 292.6gm 

so the theoretical weight of the system comes to 1745.6 and the weight of the pellets measure after completion of the experiment 

was 1695.18 so the %yield of the system comes to be 97.13. 

The size of mesh varies from 20-24 and the number of loss of pellets above 20 was 41.84 and above 60 was 1.74 as well as 

27.39gm of pellets was found in bags. 

VI. CONCLUSION 

The development of this mechanism is not only important to reduce process handling time but also to improve the coating 

characteristics like spheronization. The mechanism was successfully developed and experimentation was conducted to find out the 

percentage yield during experimentation the percentage yield was found 97.15 which is excellent. 
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