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Abstract 

The production of the pellets in the pharmaceutical industry generally involves multi-step processing; 1 mixing, 2 wet granulation 

3 spheronization 4 drying. Tangential spray rotogranulation is now being considered as an alternative since it combines number of 

steps into one processing unit thus reduces processing time. This work aimed to development and doe analysis of GPCG125 and 

optimization using factorial design. The factors consider were 1-Disc Velocity 2-Feeder rate 3-Air Flow Rate 4-Atm Pressure. The 

pellets were characterized for their physical properties like drug content. The results indicated that Disc velocity has negative effect 

on drug content while the feeder rate has positive effect.   
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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. 

 Disc Velocity: 

A helicoidally flow pattern is a characteristic of FBRG which is essential for an efficient spheronization of the agglomerates and 

an adequate liquid distribution on the bed particles. At low disc velocity, this motion profile disappears and the excessive 

agglomeration that follows can induce the formation of lumps and material deposition on the processor walls. At high disc velocity, 

Particle-Particle and particle-wall contacts increases as the bed turnover also increases. It creates a chotic flow pattern in the bed 

and yields to increased particle breakage, which can compromise granulation and dosage uniformity of a pharmaceutical product. 

 Feeder Rate: 

To obtain a product that is similar at small and large scales, the bed moisture content has to be monitored correctly. Binder flow 

rate journal affect the bed moisture content. The bed mass can also affect the bed moisture content. It must be conveniently scaled 

from the small to the large-scale units. 

 Air Flow Rate: 

In wet granulation system that use fluid beds, the exhaust air and product temperature reach an equilibrium state. This equilibrium 

state is directly associated to an adiabatic saturation of the air as it passes through the bed of wet particles. This means that water 

injected in the bed with the binder solution is completely removed by evaporation.[4] 

II. MATERIAL AND METHOD 

 Process Parameter: 

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 low inlet air temperature used 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. 
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 Equipment and formulation: 

Instrumented tangential spray rotoprocessors GPCG125 were used for this study. The statistical analysis and process optimization 

were carried out with GPCG125 
Table - 1 

Process parameters and operating limits range 
Parameters Range 

Disc Velocity 500-1000 rpm 

Feeder Rate 2-3.3 gm/min 

Air Flow Rate 150-180 m^3/hr 

Atm Pressure 140-210 kpa 

 Experimental Design: 

A 2^4 fractional factorial design was prepared to statistically analyse the final product properties mentioned above Sixteen 

experiments 

Were carried out, which correspond to two levels for the five process parameters. 

III. RESULTS AND DISCUSSION 

 Statistical Analysis 

The statistical analysis was carried out by design expert software 
Table – 2 

Characterization results 

Run 

 

Disc Velocity 

(rpm) 

Feeder Rate 

(gm/min) 

Air Flow rate 

(m^3/hr) 

Atm Pressure 

(kpa) 

Drug Content 

(%) 

1 1000 3.3 180 210 104.595 

2 500 3.3 180 210 101.843 

3 1000 3.3 150 140 102.158 

4 500 2 150 140 94.6242 

5 1000 3.3 180 140 95.7852 

6 500 2 180 140 105.74 

7 1000 3.3 180 140 90.3498 

8 500 3.3 150 140 98.8898 

9 1000 2 150 210 104.014 

10 500 2 180 210 100.205 

11 1000 2 150 210 96.9083 

12 500 2 150 140 97.72 

13 1000 2 180 140 98.1604 

14 500 2 180 210 105.61 

15 1000 3.3 150 210 95.3662 

16 500 3.3 150 210 96.9083 

 Priority Analysis: 

For getting an idea about the positive and negative effect of the parameter which is affecting on coating efficiency of the pellets 

pareto Chart analysis is done from the results it’s clear that disc velocity is negatively affecting the coating while the factors like 

atm pressure, Feeder rate and air flow rate has positive effect on coating. 
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Fig. 1: Pareto chart 

 DOE Equation: 

DOE equation has been generated for getting an idea about how should be the values of the parameter for maximum results 

following figure shows the doe equation 

 
Fig. 2: Doe model 

 Drug Content Result: 

By selecting the actual parameters which having the direct impact on coating on pellets i.e air flow rate 165 and atm pressure 175 
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Fig. 3: Drug Content 

 Response Surface Model:- 

It is described as the assembly of mathematical and statistical methods for forming and analysing difficulties according the 

response that is affected by the involved variables aiming at the optimization of this response. If a response is plotted against the 

levels of the factors, it is usually represented as a response surface for visualizing its shape, a contour plot is used additionally. 

Each contour plot resembles to a specific type of response surface.  

A low-order polynomial is used in the region of interest of the independent variables; if a linear function is efficient for 

modelling the response, a first-order model is being employed. If a curvature is found, it is advantageous to use a second-order 

model. It is obvious that these models are only working for a limited region of interest. 

 
Fig. 4: 3D Response surface Model 

 Optimization: 

Optimization of the parameters value in there range is calculated by design expert Insertion of the optimization criteria it possible 

to obtain the optimal process parameter values for a given set of final product properties. An experiment was carried out using this 

set of optimal process parameter condition the measured final product properties of the experiments compared with the statistical 

model prediction. The drug content assay reveals that the optimized product is within the desired criteria. 
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 The maximum deviation observed is 4%, which indicates that the model is efficient for predicting the granular properties as a 

function of the process parameters. Also, all characteristic values comply with the desired product criteria. 

 
Fig. 5: Most desirable process settings 

IV. CONCLUSION 

This work studied the rotogranulation final product properties with respect to four process parameters (1) disc velocity, (2) Air 

flow rate, (3) Binder flow rate and (4) atomization pressure. A statistical linear regression model first allowed the determination 

of an optimized set of operating conditions in order to obtain a high quality final product, The statistical model was experimentally 

validated, with observed Variations between predicted and measured properties below 4%.  

REFERENCES 

[1] A study of in situ fluid bed melt granulation using response surface methodology 

[2] Modeling of Product Variability in Fluidized Bed Coating Equipment Ku Zilati Ku Shaari 

[3] Fluidization Technologies: Aerodynamic Principles and Process Engineering RAHUL DIXIT, SHIVANAND PUTHLI 

[4] Optimization and scale-up of a fluid bed tangential spray rotogranulation process J. Bouffard a, H. Dumontb,∗, F. Bertrand a, R. Legros a 

[5] Ax, K., Feise, H., Salman, A., Sochon, R., Hounslow, M., 2006. Influence of liquid binder dispersion on agglomeration in an intensive mixer. FifthWorld 
Congress Particle Technology. AIChE Spring National Meeting, Orlando, Florida 

[6] Chukwumezie, B., Wojcik, M., Malak, P., Adeyeye, M., 1994. Feasibility studies in spheronization and scale-up of ibuprofen microparticulates using the 

rotor disk fluid-bed technology. AAPS PharmSciTech 3 article 2. 
[7] Edmundson, I., 1967. Advances in Pharmaceutical Sciences, vol. 2. Academic Press, London. 

[8] Ghebre-Sellasie, I., Knoch, A., 2002. Encyclopedia of pharmaceutical technology, vol. 3, second ed. Marcel Dekker Inc., New-York. 

[9] Gu, L., Liew, C., Heng, P., 2004. Wet spheronization by rotary processing— a multistage single-pot process for producing spheroids. Drug Dev. Ind. Pharm. 
30, 111–123. 

[10] Holm, P., Blonde, M.,Wigmore, T., 1996. Pelletization by granulation in a rotoprocessor rp-2. Part 1: effects of process and product variables on granule 

growth. Pharm. Technol. Eur. 8, 22–36. 
[11] Holm, P., Jungersen, O., Schaefer, T., Kristensen, H., 1983. Granulation in high speed mixers: part 1. Effects of process variables during kneading. Pharm. 

Ind. 45, 806–811. 

[12] Horsthuis, G., Laarhoven, J.V., 1993. Studies on upscaling parameters of the gral high shear granulation process. Int. J. Pharm. 92, 143– 150. 

[13] Iveson, S., Litster, J., Hapgood, K., Ennis, B., 2001. Nucleation, growth and breakage phenomena in agitated wet granulation processes: a review. Powder 

Technol. 117, 3–39. 

[14] Korakianiti, E., Rekkas, D., Dallas, P., Choulis, N., 2000. Optimization of the pelletization process in a fluid-bed rotor granulator using experimental design. 
AAPS PharmSciTech 1 article 35. 

[15] Kristensen, J., Schaefer, T., Kleinebudde, P., 2000. Direct pelletization in a rotary processor controlled by torque measurements. i. influence of process 

variables. Pharm. Dev. Technol. 5, 247–256. 
[16] Liew, C.,Wan, L., Heng, P., 2000. Role of base plate rotational speed in controlling spheroid size distribution and minimizing oversize particle formation 

during spheroid production by rotary processing. Drug Dev. Ind. Pharm. 


