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1. Introduction 

Granulation of powder to produce a pharmaceutical solid-dosage form is an essential 

unit operation. Granulation in the pharmaceutical industry poses unique challenges, as it has 

the additional requirements of content uniformity and consistent physical properties, such as 

particle size, moisture, bulk density, porosity, hardness and compressibility. 

In the past 20 years, the pharmaceutical industry has been introduced to a number of 

different methods for producing pharmaceutical granulation. These methods have offered a 

number of advantages, such as process efficiency, while addressing product quality and 

regulatory compliance. Potent compounds can now be granulated in so-called ―one-pot‖ 

systems, which offer a greater measure of safety to operators by providing a single ‖pot,‖ or 

bowl, to granulate and dry product. 1, 2  

 

2. Aim 

My objective was to adapt the production-scale granulation process, previously 

performed with a traditional high-shear granulator (Diosna P400) and a fluid-bed drier (Glatt 

WSG-200), so that it could be carried out in a single-pot high-shear granulator (Collette 

Ultima Pro 600). Because of the considerable differences between the two machines, the fact 

that my experiments were not preceded by laboratory and pilot tests, and the fact that I was 

working on a production scale, I decided to adapt the processes in two stages: first the 

granulation step, and then the overall process, including the drying step. 

The first aim of this experiment was to compare the granulation results that can be 

achieved in different production-scale high-shear granulator models in the case of a product 

with a high active ingredient content, and the characteristics and tablet-forming properties of 

the granules produced. I studied granules prepared in the Diosna P400 and the Collette Ultima 

Pro 600 industrial high-shear granulators. The macroscopic and microscopic textures of the 

granules prepared in these machine (which have identical manufacturing capacity) were 

examined. The aim was to create, optimize and reproduce a robust technology that furnishes 

granules (and the tablets formed from them) with similar physical properties in both sets of 

equipment.  

The second aim of this study was to compare the properties of granules prepared in the 

same manner, in a high-shear granulator (Collette Ultima Pro 600 single-pot processing 

equipment) and dried by using different methods (fluid-bed and microwave-vacuum drying) 

and to compare the properties of tablets pressed from such granules. Experiments on a 
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production scale were performed with the Collette Ultima Pro 600 single-pot processing 

equipment and a Glatt WSG 200 fluid-bed granulator and drier.  

 

3. Literature survey 

Historical survey 

The term of ―granulated‖ material is derived from Latin word ―granulatum‖, meaning 

grained. The granulation material can be obtained by direct size enlargement of primary 

particles, or size reduction from dry compacted material. 

The development of pharmaceutical granulation was driven by the invention of the tablet 

press by W. Brockedon in 1843. The demands on the granulation properties were enhanced in 

the 1970’s as high speed tabletting machines with automated controls were introduced. 1   

 

3.1. Granulation 

Granulation is a size-enlargement process in the course of which small particles are 

formed into larger, physically strong agglomerates in which the original particles can still be 

identified. The agglomeration of solid particles renders them more suitable for further 

processing, such as tablet formation. Granulations are used primarily for the preparation of 

materials for tabletting, but to a lesser extent are used as filler material in the encapsulating 

process. 3  

The main reasons for granulation can be to: 

-Increase the uniformity of the active ingredients distribution 

-Improve flowability properties 

-Densify the materials  

-Ensure optimal particle size distribution and reduce dust. 

 

Granulation methods can be divided into three types: wet methods which utilize a liquid 

in the process, dry methods in which no liquid is utilized and melt methods which involve the 

use of a material which melts at relatively low temperature. All of these methods are utilized 

in the pharmaceutical industry, however, wet granulation technology is more common. 

 

3.1.1. Melt granulation  

In the melt granulating process, the substance with a low melting point can be added in 

the molten form over the substrate or in a solid form, which is then heated above its melting 
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point by hot air or by a heating jacket. In both cases, after melting, the substance acts like a 

liquid binder, thus melt granulation does not require the use of solvents (organic or aqueous). 

In melt granulation the drying step is not necessary, thus the process consumes less in terms 

of time and energy than wet granulation. 4-11  

 

3.1.2. Dry granulation  

In the dry granulating process, dry powder particles may be brought together 

mechanically by compression into slugs or more frequently today by roller compaction.  

Slugging consists of dry-blending excipiens with an active drug substance and 

compressing the powder or powder blend into a large tablet or slug on a compression 

machine. After the slugs are formed, they need to be sized for final blending and tabletting 

requirements. 1, 3, 12  

Briquetting and compaction are densifying techniques for dry powders. Powdered 

material is fed into a counterrotating pair of rolls. During the powder feed, the powder 

materials rub against the roll pair surfaces and then are drawn into the nip angle area. A 

compact is formed that is immediately sized for the intended needs. 13-21  

 

3.1.3. Wet granulation 

Wet granulation is a technique whereby a liquid is used to transform small solid 

particles into clusters of larger ones, through a process of agglomeration. In pharmaceutical 

tablet manufacturing, the agglomeration of solid particles renders them more suitable for 

tablet formation.  

There are two known closed-system wet granulation procedures: high-shear granulation 

and fluid-bed granulation. 22, 23  These techniques differ in the modes of agitation of the 

solid particles, and for this reason there are also differences in granule growth. 24-28  

In the course of fluid-bed granulation, the powder bed is kept in motion by specially 

treated (filtered, temperature and humidity-controlled) air, which is introduced through a 

sieve plate in the base of the granulator. The binder solution is sprayed onto the fluidized 

powder bed. The granules are created during the wetting of the powder bed, through the 

adhesion of solid particles as the drops of liquid reach the powder bed. The agglomeration of 

the powder takes place during the wetting process and, once the process of spraying the 

adhesive onto the powder bed has been completed, the granules are dried through the use of 

warm air. 29-34  
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In high-shear granulation, an impeller is used to agitate the solid particles within a 

closed space. The binder solution is added or sprayed in from above. The mixing, 

densification and agglomeration of the wet material are performed by the impeller through the 

exertion of shearing and compacting forces. The process is ended before the granules begin to 

grow uncontrollably, which would result in the phenomenon known as ―ball growth‖. 35, 36  

High-shear granulators have long been used in the pharmaceutical industry, both for 

mixing and for granulating. Originally, high-shear granulators did not have a drying 

capability, which means that the wet granules produced in these machines had to be dried by 

using another machine, such as a fluid-bed drier. Later, these granulators were further 

developed into what are termed ―single-pot‖ systems 37, 38 , which are capable of 

performing all of the processes of mixing, granulation, drying and blending. The possible 

drying methods are vacuum, vacuum-microwave and gas-vacuum methods 39 , all of which 

can be combined with side-wall heating. 1, 40, 41 , 

 

3.2. Drying 

Drying involves the removal of liquid from solid material that contains moisture, 

through a process of evaporation resulting from the application of heat. Thermal energy can 

be applied to the granules by convection, conduction or vacuum drying. 2, 29  

Convection is achieved by means of a flowing gaseous medium, in which the gaseous 

particles transmit heat while in movement. Fluid-bed drying is an example of a convective 

drying method. In the process of fluid-bed drying, the granules to be dried are placed in a 

device fitted with a perforated screen or sieve, and air is circulated through this layer at a rate 

sufficient to lift and separate the granules, which are set in motion and take on what is termed 

a fluidized state. The drying occurs as a result of the consequent intensive contact between the 

granules and the gaseous drying medium.  

Conduction can be attained by heat exchange between adjacent particles of matter, heat 

transfer through a jacketed bowl wall and vacuum drying. 

In the process of vacuum drying, the material is placed in a vacuum chamber, and the heat 

necessary to remove the moisture is applied directly to the solid material. 

The process of pure vacuum drying requires a longer drying time, but its undisputed 

advantage over other methods is that the drying takes place at a lower temperature, which 

could be important when heat-sensitive materials are to be dried 29, 41 . Gas-assisted 
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vacuum drying, and more commonly microwave vacuum drying, allow quicker drying in a 

single-pot processor, used consecutively or simultaneously. 42-44  

In production-scale pharmaceutical manufacturing, the methods most commonly used to 

produce granules are fluid-bed granulation and drying, or a combination of high-shear 

granulation and fluid-bed drying. In recent years, however, single-pot technology has grown 

in popularity, partly because the transfer of the moist granules from the high-shear granulator 

to the fluid-bed dryer is critical. The single-pot equipment has taken the form of a 

mixer/granulator retrofitted with a drying unit 40 . The drying unit is capable of pure vacuum 

drying, microwave-vacuum drying, gas-assisted vacuum drying, or a combination of 

microwave and gas-assisted vacuum drying.  

 

3.2.1. Fluid-bed drying  

During fluidized-bed drying moisture or solvent is removed which involves heat and 

mass transfer. Heat is transferred to the product to evaporate liquid, and the mass is 

transferred as a vapour in the surrounding gas, these two phenomena are interdependent.  

Fluidized-bed drying is efficient because the hot air heats the free moisture on the 

product’s surface. In most cases, due to its high surface area to air flow ratio, the granulated 

compound allows heat to dry the liquid trapped inside the granular matrix. A liquid absorbs 

the energy transmitted by the heated air. The energy absorbed by the wet granules results in 

evaporation of the free moisture leaving the granule intact. 29  

During fluid bed drying, the product passes three distinct temperature phases 1 . At the 

beginning of the drying process, the material heats up from the ambient temperature to 

approximately the wet bulb temperature of the air in the dryer (Fig. 1. Phase 1). This 

temperature is maintained until the granule moisture content is reduced to the critical level 

(Fig. 1. Phase 2). At this point, the material holds no free surface water, and the temperature 

starts to rise (Fig. 1. Phase 3). The temperature at which moisture condenses is the dew point 

temperature, this is the end of the drying process. Figure 1. shows a typical fluid-bed drying 

process. 
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Fig. 1. Product temperature changes during drying in fluid bed. 

 

3.2.1. Microwave-vacuum drying  

Microwaves are waves of electromagnetic radiation, generated by magnetrons under the 

combined action of electric and magnetic forces. Microwave drying is based on the absorption 

of electromagnetic radiation by dielectric materials. 1  The dielectric material is placed in an 

electromagnetic field, when the material becomes polarized and stores electrical energy 

through polarization. The polarization produces displacement of positively and negatively 

bound charges in the dielectric material. A distinction must be made between the 

displacement polarization of charged particles and the orientation polarization of particles that 

have permanent or induced dipole moments. 45-48  The level of polarization depends on the 

state and composition of the material and the frequency of the applied electric field. For 

pharmaceutical-industry drying, microwaves with a frequency of 2450 MHz (wavelength 12.2 

cm) are used. The microwaves are not forms of heat, but rather forms of energy that are 

manifested as heat through their interaction with materials. The permittivity ( ) of materials 

sensitive to microwaves is complex and comprises two parts, the first corresponding to the 

real part ( ’) or relative dielectric constant, and the second representing the imaginary part 

( ‖) or loss factor. The dielectric loss factor of a material ( ‖) is a measure of how much heat 

is generated inside a material per unit of time when an electric field is applied when subjected 

to microwave heating. 

The rate of temperature increase as the material absorbs microwave energy is as following:  

T / t  Pv / Cp 

Pv  jE
2
f ‖ or Pv  jE

2
f ’tan  
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Where: T  temperature rise (K); t  time (s); Pv  power per unit volume (W m
-3

);   

density (kg m
-3

); Cp  heat capacity (J kg
-1

K
-1

); E  electrical field strength (V m
-1

); f  

frequency (Hz); ‖  dielectric loss factor; tan   loss tangent or dissipation factor; j  

constant; ’  relative dielectric constant or relative permittivity. 

Different materials behave differently in the presence of microwaves. The magnitude of the 

dielectric characteristics of a system depends on number of factors, including moisture 

content, composition, density and temperature. The total loss factor of a wetted material is 

derived from the skeleton solid and the bound and the free water. 49  Most of the materials 

commonly used in the pharmaceutical industry have a relatively low loss factor and absorb 

microwave power only at high field strengths. By comparison, granulation liquids (water or 

organic solvents) have high loss factors relative to the dry materials used. 39, 42, 50-56  

Figure 2. shows a typical microwave assisted vacuum drying process. 40  Following 

granulation (stage 1), the moist granules are dried. In the stage 2, the pressure is decreased to 

a vacuum of 40-80 mbar absolute. As the pressure decreases, liquid evaporates and the 

product temperature falls. To accelerate drying, microwave energy is radiated into the pot 

when the vacuum pressure has been reached (stage 3). As the moisture content of the product 

decreases, the temperature of the product rises (stage 4). As the temperature of the product 

rises above a specific limit (because residual moisture content is low), the microwave system 

is stopped (stage 5). If the residual moisture content is still too high, drying continues at a 

reduced vacuum pressure without microwave assistance (stage 6). 

 

 
Fig. 2. Typical microwave-assisted vacuum drying process. 
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4. Experimental part 

4.1. Materials and Equipment 

4.1.1. Materials 

The given tablets contained 50% w/w metronidazole. The binding solution was an 

aqueous solution of Povidone K-30 (4.5% w/w). The other excipients were corn starch (30% 

w/w) as diluent; colloidal anhydrous silica (4% w/w) and glycerine (1.5% w/w) as moisture 

regulator; and microcrystalline cellulose (7.9% w/w), talc (1.6% w/w) and magnesium 

stearate (0.5% w/w) to improve tablet formation. I used the same composition and batch size 

(150 kg). 

Metronidazole (Ph. Eur.) is a white to yellowish-white crystalline powder. It is practically 

insoluble in water and slightly soluble in alcohol. It is a drug frequently used in the treatment 

of various anaerobic infections. The drug is useful profilactic in obstetrical and 

gynaecological intervention, colorectal surgery and appendectomy. It is also used in the 

treatment of susceptible protozoal infections such as amoebiasis, balantidiasis, trichomoniasis 

and giardiasis. In anaerobic bacteria and sensitive protozoans the nitro group of metronidazole 

metabolises ferredoxin, and the metabolite thus produced causes death of the cells by reacting 

with various intracellular macromolecules. A single oral dose is generally 250 mg and the 

tablets have a high active ingredient content. 57-63  

Table 1. shows the physical properties, Figure 3. shows the constitutional formula of and 

Figure 4. shows SEM pictures of Metronidazole. 

 

Table 1. Metronidazole physical properties 

Particle size analysis (μm) 

D10  25 

D50  125 

D90  300 

  

Carr compressibility index (%) 21,70  

Bulk density (g/100 ml) 71,50 

Tapped density (g/100 ml) 91,30 
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Fig. 3. Constitutional formula of Metronidazole 

 

 

 

 

 

 

 

 

 

 

Fig. 4. SEM picture of Metronidazole 

 

 Corn starch (Ph. Eur.) consists of amylase and amylopectin, two polysaccharides based on 

-glucose. Starch occurs as an odourless, tasteless, fine white powder, comprising very small 

spherical granules whose size and shape are characteristic. Starch is used as an excipient 

primarily in oral solid-dosage formulations, where it is utilized as a binder, diluent and 

disintegrant. It is not water-soluble, but swells. 64-66  

 Microcrystalline cellulose (Vivapur, Avicel 101) (Ph. Eur.) is a purified, partially 

depolymerised cellulose that occurs as a white, odourless, tasteless, crystalline powder 

composed of porous particles. It is widely used in pharmaceuticals, primarily as binder/diluent 

in oral tablet and capsule formulation, where it is applied in both wet granulation and direct 

compression processes. In addition to its use as a binder/diluent, it is also has some lubricant 

and disintegrant properties that make it is useful in tabletting. 65, 66  
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 Povidone (Polyvinylpyrrolidone, PVP K-30) (Ph. Eur.) is a polymerization product of N-

vinylpyrrolidon. It is a white or yellowish-white powder with a slight amine or ammonia 

odour. The K-value indicates the average molecular weight. It is readily soluble in water and 

freely soluble in alcohol and many other organic solvents. It has adhesive and binding power 

is particularly important in tabletting (wet granulation, dry granulation, direct compression). It 

is generally used in the form of a solution, but it can be added to the blends in dry form. This 

property is also useful in film coatings. 65- 67  

 Colloidal anhydrous silica (Aerosil A-200) (Ph. Eur.) is a submicroscopic fumed with a 

particle size of about 15 nm. It is a light, loose, bluish-white coloured, odourless, tasteless, 

nongritty amorphous powder. It is widely used in pharmaceuticals, its small particle size and 

large specific surface area give it desirable flow characteristics which are exploited to 

improve the flow properties of dry powders in number of processes, e. g. tabletting. It is also 

used as a tablet disintegrant and as adsorbent dispersing agent for liquids in powders. 65, 66  

 Glycerine (Ph. Eur.) is a clear, colourless, odourless, viscous, hygroscopic liquid, it has a 

sweet taste, approximately 0.6 times as sweet as sucrose. It is used in a wide variety of 

pharmaceutical formulations including oral preparations, primarily for its humectant and 

emollient properties. 65, 66  

 Magnesium stearate (Ph. Eur.) is a fine, white, precipitated or milled, impalpable powder 

of low density, having a faint, characteristic odour and taste. The powder is greasy to the 

touch and readily adheres to skin. It is widely used in pharmaceuticals, primarily as a 

lubricant in capsule and tablet manufacturing at concentrations between 0.25-5.0 %. 65, 66  

 

4.1.2. Equipment 

I performed the granulation in a Diosna P400 (Fig. 5.) conventional high-shear mixer 

(granulator) (without drying facility) or a Collette Ultima Pro 600 single-pot equipment (Fig. 

6.). Technical data on the two types of equipment can be seen in Table 2. 

The drying was carried out in a Glatt WSG 200 fluid-bed granulator and drier (Fig. 7.) or in 

Collette Ultima Pro 600 single-pot equipment. 

 

4.1.2.1. Diosna P400 

It has a single-wall design. Neither the side walls nor the lid of the device can be 

temperature-controlled. The machine is cone-shaped, with the impeller positioned vertically, 

and the chopper horizontally. The impeller protrudes into the device from below. The 
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impeller blades and the special shape of the machine ensure effective mixing. Both the 

impeller and the chopper have two speed settings, with no fine adjustment. The impeller and 

the chopper are fitted with a time switch, which is the only means of setting an end-point. 

(There is no measurement of torque or power consumption.) It is not possible to regulate the 

application of the binder solution. The quality of the granules depends largely on the skill and 

experience of the personnel carrying out the production. (Fig. 5.) 

 

4.1.2.2. Collette Ultima Pro 600 

This is a closed, single-pot system, which means that the entire manufacturing process 

can be performed in the one device. The bowl has a jacket wall to allow the circulation of hot 

or cold water, in order to regulate the temperature of the product. Both the impeller and the 

chopper are positioned vertically, and protrude into the machine from above. The speeds of 

the impeller and the chopper are adjustable within a given range. The liquid binder addition is 

regulated, and the machine is suitable for the spraying of binder solution with high or low 

viscosity. A number of parameters can be used to set up the end-point of granulation: the 

processing time, the torque, the product temperature, etc., or a combination of these. The 

granules can be dried by vacuum and microwave energy, which can be combined with side-

wall heating. The drying cycle of this machine is therefore more energy-efficient than other 

drying processes. There are three possible drying methods: vacuum, vacuum-trans flow and 

vacuum-microwave. The machine is suitable for computer-controlled, automated 

manufacturing. (Fig. 6.) 68, 69  

 

Table 2. Technical data of the Diosna P400 and the Collette Ultima Pro 600 

 Diosna P400 Collette Ultima Pro 600 

Bowl capacity (l) 385 400 

Impeller speed (rpm) 64 or 129 from 14 to 135  

Chopper speed (rpm) 1450 or 2930 from 600 to 2700 

 

Tip speed (m/s) 3,65 (64 rpm) 

7,36 (129 rpm) 

3,52 (64 rpm) 

7,09 (129 rpm) 
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Fig. 5. Photographs of the Diosna P400 high-shear mixer granulator 
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Fig. 6. Photographs of the Collette Ultima Pro 600 single-pot equipment 
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4.1.2.3. Glatt WSG 200 

This is also a single-pot system which is suitable for granulation and drying in the one 

device. There is an inlet air handling unit fit for air filtering, air heating, and air cooling. The 

air must be introduced at the bottom of the product container through the perforated air 

distributor plate (screen type) which is important to fluidize and mix material in the container. 

The spraying head with three or six nozzles can be set in three different positions over the 

distribution plate. Within the expansion chamber granules are formed. There are bag filters 

within the machine which retain the particles. The filter bag is made of polyester-lined 

material which is of a certain mesh size. Safety air filters are built in the outlet air product. 

Main processes such as air flow and spraying rate are controlled. The machine is equipped 

with a data acquisition system. (Fig. 7.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Photograph of the Glatt WSG 200 fluid-bed granulator and drier 

 

 

 

 

 

 



15 

5. Test of granules and tablets 

5.1. Particle size analysis 

The particle size distribution of an approximately 25 g sample of the final granules was 

determined, using a Hosokawa Alpine 200 LS air jet sieve with an array of five sieves. 70, 

71  

 

5.2. Bulk and tapped densities 

100 ml of granules was poured into a 250 ml graduated tared measuring cylinder, and 

the granules were then weighed and their bulk density, t, was determined in g/100 ml. 72  

The density of 100 ml of granules of known weight was measured with a Stampfvolumeter 

2003 (J. Engelsmann Apparatebau, Ludwigshafen, Germany). After 200–300 taps (when a 

constant value had been achieved), the volume of the tapped column of granules was read off, 

and the density, T, was determined in g/100 ml. 73-78  

 

5.3. Carr compressibility index 

The flow properties of the granules can be determined through compaction, and the 

extent of the compaction can be defined through the relationship between the bulk and tapped 

densities, which can be expressed with the Carr compressibility index 77-81 , using the 

following equation: 

100
ρ

ρρ
(%) index ilitycompressibCarr

T

tT  

where T = tapped density 

 t = bulk density 

 

5.4. Porosity 

The properties of granules and tablets are influenced by the porosity of the granules. 

Porosity can be defined through the relationship between the particle ( part) and tapped ( T) 

densities, using the following equation 74-76, 82, 83 : 

100
ρ

ρ

part

T )1(  

The particle density ( part) was determined with a Stereopycnometer SPY-5 (Quantachrome 

Corp.). The pycnometric particle density was determined by measuring the volume occupied 
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by a known mass of powder, which is equivalent to the volume of helium gas displaced. 84, 

85  The particle density was calculated via the following equation: 

 

part
v

w
 

where  w = weight of sample, and 

 v = volume of sample. 

 

5.5. Moisture content 

The loss on drying of 2 g of granules (homogenized with the external phase) to mass 

constancy at 70 °C was determined, with a Mettler Toledo HR 73 halogen moisture analyser. 

The loss on drying of the final granules must be within the range of 2.5-4.5%, this range being 

suitable for the tabletting of this product. 

 

5.6. Scanning electron microscopy (SEM) 

The morphological properties of the granules were examined with a JEOL JSM-5600LV 

scanning electron microscope fitted with an energy dispersive X-ray spectrometer. A Polaron 

sputter coating apparatus was applied to induce electric conductivity on the surface of the 

sample. The air pressure was 1.3-13 mPa. 86, 87  

 

5.7. Tablet evaluation 

The granules were pressed into 500 mg tablets by using a Courtoy R190 Ft tablet press 

with 36 punches. The rotational speed of the press was 65 rpm. The average and individual 

masses, the thickness, the hardness (Pharma Test WHT-2ME) 88, 89 , the friability 

(Pharmatest PT-TD) and the disintegration (Pharma Test PTZ-E) were measured five times in 

the course of the tablet-formation process. The relative standard deviation (RSD) of the mass 

of the individual tablets was determined by measuring 20 tablets. 90  



17 

5.8. Assay, Blend Uniformity Analysis, purity and dissolution 

The assay determination is carried out by spectrophotometric method (UV-VIS) in 

distilled water. The absorbancies of the test and reference solutions are measured 

spectrophotometrically in 1-cm cells at the wavelength of 320  1 nm, against the blank 

solution (distilled water).  

Specification: Metronidazole: 250.0 mg / tablet (  5%) 

 

   Blend Uniformity Analysis (BUA) is carried out by assay method. 
 

 The test for purity (related substance) determination is carried out by TLC method. 

Specification of related substance:  

-Total impurities:  < 1.0% 

-2-methyl-5-nitroimidazole:  < 0.5% 

- Other  individual impurity:  < 0.2% each 
 

The amount of active substance dissolved is determined by a spectrophotometric 

method. Dissolution conditions: 

-Dissolution medium and volume: 0.01 M hydrochloric acid solution, 900 ml 

-Apparatus: basket type 

-Rotation: 100 rpm 

-Dissolution time: 45 minutes 

-Temperature: 37°C 

Specification: Not less than 80% (Q) of metronidazole should dissolve within 45 minutes. 
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6. Result and discussion 

6.1. Influence of the type of the high-shear granulator on the physico-chemical 

properties of granules 

 

6.1.1. Manufacturing process 

Figure 8. shows the flowcharts of the manufacturing processes in the Diosna P400 and 

the Collette Ultima Pro 600.  

In the Diosna P400, the binder solution is poured manually onto the powder during the 

second step, and its addition is therefore not regulated. In the Collette Ultima Pro 600, in the 

course of liquid binder addition and wet massing, I varied five parameters that could affect the 

characteristics of the granules. 91  I then compared the granules thus produced, and the 

granulating processes used. 92  Table 3 details 11 different combinations of the following 

five parameters 93-98 : 

(1) Impeller speed, (2) Chopper speed, (3) Water content of the binder solution, (4) 

Liquid binder flow rate, (5) Wet massing time 

At the beginning of my experiments, I adapted the machine settings (the impeller and 

chopper speeds, and the water content of the binder solution) to correspond to those of the 

Diosna 400 (Table 3, setting C/0). With setting C/0, I was unable to produce granules in the 

Collette Ultima Pro 600. I observed that the product manufacturing processes are not always 

transferable (with identical technological parameters) between granulators with the same 

production capacity, but with different geometric characteristics. 

Through my experiments, I determined the torque values representing the granulation 

end-points at various impeller speeds. 25, 99-103  These values are shown in Figure 9. In my 

experience, at the torque value associated with an impeller speed of 65 rpm (530 Nm), 

aggregation did not occur, and no granules were formed. The explanation for this is that the 

motions of the materials differed because of the geometrical differences (with respect to both 

the shape and the positioning of the impeller and the chopper) between the two machines, 

with the result that the different systems required different impeller speeds to achieve the 

same degree of granulation formation. 104-106  In both cases, the granules were dried as 

follows: 

I discharged the wet granules from the high-shear granulator equipment and loaded them 

into the Glatt WSG 200 fluid-bed dryer and performed the drying at 60°C , temperature at the 
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end of the drying: 34°C. After first drying, the granules were sized in a 1.5 mm sieve, and 

then followed the drying step at 70 °C to the value of the loss on drying. Dried granules were 

homogenized for 2 and 5 minutes with the tabletting excipients (microcrystalline cellulose, 

talc and magnesium stearate) in a container blender.  

I determined the size distribution of the granules, their tapped and bulk densities, and loss on 

drying, and took SEM photographs. The weight variations, thicknesses, hardnesses and 

disintegration time of the tablets were examined. Analytical investigations (BUA, assay, 

purity, dissolution) were also carried out. 
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 Diosna P 400 Collette Ultima Pro 600 

 

Dry mixing 

Impeller speed: 64 rpm 

Processing time: 6 min 

 Corn starch 

Colloidal anhydrous silica 

Metronidazole 

Dry mixing 

Impeller speed: 65 rpm 

Processing time: 6 min 

     

Liquid binder addition: manually 

Impeller speed: 64 rpm 

Chopper speed: 1,460 rpm 

 

 Povidone K-30 

Glycerin 

Purified water 

Liquid binder addition 

Impeller speed: 95 rpm 

Chopper speed: 600 rpm 

Liquid binder flow rate: 3; 7; 12 kg/min 

Processing time: 5.5 – 13 min 

     

Wet massing 

Impeller speed: 64 rpm 

Chopper speed: 2,930 rpm 

Processing time: 6 - 8 min 

  Wet massing 

Impeller speed: 65 – 135 rpm 

Chopper speed: 1,500 – 2,700 rpm 

Processing time 2 – 6 min 

      

Drying: Glatt WSG 200 fluid-bed granulator and dryer 

Inlet air temperature: 60°C 

Temperature at the end of the drying: 34°C 

     

Sieving: Quadro comil U 20 

Rotation speed: 500 rpm, Sieve size: 1.5 mm  

      

Drying: Glatt WSG 200 fluid-bed granulator and dryer 

Inlet air temperature: 70°C 

Loss on drying: 3 – 4% 

     

Blending I. : Zanchetta Canguro container blender 

Process time: 2 min (Talc, Microcrystalline cellulose) 

     

Blending II. : Zanchetta Canguro container blender 

Process time: 5 min  (Magnesium-stearate) 

     

Tabletting: Courtoy R 190 Ft tablet press 

Rotation speed: 65 rpm 

 

Fig. 8. Flow sheet of the granulation in two types of high-shear granulator and  

in a fluid-bed granulator and dryer. Setting ranges of the parameters in  

Diosna P400 and Collette Ultima Pro 600. 
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Fig. 9. Relationship between the torque value and impeller speed  

at the granulation end-points by Collette Ultima Pro 600 

 

Table 3. Setting parameters of the Collette Ultima Pro 600 

Run Impeller speed 

 

(rpm) 

 

Chopper speed 

 

(rpm) 

Water content 

of 

the binder 

solution 

(kg) 

Liquid binder 

flow rate 

(kg/min) 

Wet massing 

time 

 

(min) 

C/0 65 2700 26 7 12 

C/1 95 1500 27 7 2 

C/2 95 2700 24 7 5 

C/3 80 1500 26 7 4 

C/4 80 2700 26 7 5 

C/5 135 1500 26 7 2 

C/6 135 2700 26 7 2 

C/7 95 1500 26 7 4 

C/8 95 2700 26 3 2 

C/9 95 2700 26 12 4 

C/10 95 2700 26 7 4 
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6.1.2. Particle size analysis 

The rate of granule growth is influenced by the speed of the impeller, the wet massing 

time and the amount of binder. 107  I carried out my experiments on a production scale. 

In the Collette Ultima 600 machine, the end-point of granulation was the torque 

necessary for the given impeller speed. In order to avoid possible variations between the 

different batches of active ingredient, which, for a product containing 50% active ingredient, 

could result in a substantial divergence. 108  For preparations that granulated well, even with 

relatively short wet massing periods, only small differences were detected, even at a variety of 

impeller speeds. This means that these two parameters are not of great importance as factors 

influencing particle size distribution in the composition studied. 

The most important factor influencing the particle size distribution of the granules 

proved to be the amount of liquid binder, as may be seen in Table 4. In experiment C/1, in 

which the greatest quantity of liquid was used, the highest proportions were those of the 

largest particles, i.e. >1000 m (6.4%), and of particles >355 m (58%). In experiment C/2, 

where the lowest quantity of binder liquid was used, the proportion of particles <180 m was 

(53.8%). 

In comparison, the granules prepared in the Diosna P400 granulator displayed a 

considerable variance in their particle size distribution, as shown Table 5. The proportion of 

particles >1000 m was between 0.9% and 14.8%, while the fraction <180 m varied 

between 24.0% and 60.5%. These differences could have been caused by the initial uneven 

distribution of moisture, and the subjectivity involved in determining the end-point of 

granulation. 

 

6.1.3. Bulk and tapped densities and Carr compressibility index 

The Carr compressibility index is widely used to analyse the flow properties of granules. 

If it is between 5 and 10, then the granules have excellent flow properties, while values of 12-

16 indicate good, 18-21 acceptable, and 23-28 poor flowability. In this case the Carr 

compressibility index indicates weakly or poorly-flowing granules, as the Carr 

compressibility index was 18.04. (Table 4.) This result can be considered acceptable. The 

Carr compressibility index, with a value of 7.40, showed that the granules produced in 

experiment C/7 (a medium quantity of binder solution: 26 kg, a medium flow rate: 7 kg/min, a 

medium impeller speed: 95 rpm, and a low chopper speed: 1,500 rpm) had excellent flow 

properties. The granules prepared in experiments C/2 (Carr compressibility index 10.72) and 
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C/3 (10.71) were similarly good. The bulk and tapped densities of the granules produced in 

experiments C/2 and C/7 were low. For compositions with a high active ingredient content, 

relatively high bulk and tapped densities are favourable from the point of view of tablet 

formation, since the volume of die filling is proportionally reduced. 82  With respect to the 

flow properties of the granules, the settings used in experiment C/3 (a medium quantity of 

binder solution: 26 kg, a medium flow rate: 7 kg/min, a low impeller speed: 80 rpm, and a 

low chopper speed: 1,500 rpm) yielded the best results. 

In comparison, there were no significant differences in the Carr compressibility index 

values of the granules prepared in the Diosna P400, given in Table 5. The best Carr 

compressibility index was 11.51, but all the granules had good flow properties, with values 

ranging between 11.51 and 15.97. The bulk density ranged between 68.49 and 75.76, while 

the tapped density varied from 78.47 to 87.50. 
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Table 4. Granules properties in the Collette Ultima Pro 600 with different setting parameters 

 

 C/1 C/2 C/3 C/4 C/5 C/6 C/7 C/8 C/9 C/10 

Bulk density (g/100 ml) 69,44 68,49 75,76 70,42 70,42 72,46 71,43 69,44 73,53 68,49 

Tapped density (g/100 ml) 84,72 76,71 84,85 80,28 82,39 84,06 77,14 81,94 83,82 80,82 

Carr compressibility index 18,04 10,72 10,71 12,28 14,53 13,80 7,40 15,26 12,28 15,26 

Loss on drying (%) 

 

3,44 2,90 3,15 3,06 3,36 2,99 3,45 3,49 3,55 3,25 

 

Particle size analysis (%)           

 0,090 mm 18,7 18,6 17,6 21,0 13,6 17,6 15,5 17,1 12,9 19,1 

0,090 – 0,180 mm 7,5 35,2 16,2 17,3 19,9 19,4 19,8 18,1 15,5 14,0 

0,180 – 0,355 mm 15,8 26,7 29,5 23,5 33,4 33,3 32,0 29,3 24,7 23,1 

0,355 – 0,710 mm 33,7 18,3 24,9 29,9 19,1 19,7 21,1 26,8 33,1 29,5 

0,710 – 1,000 mm 17,9 1,2 8,9 7,0 8,7 8,0 9,2 8,7 9,5 11,4 

 1,000 mm 6,4 0 3,2 1,3 5,3 2,0 2,4 0 4,3 2,9 
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Table 5. Granules properties in the Diosna P400 

 

 D/1 D/2 D/3 D/4 D/5 D/6 

Bulk density (g/100 ml) 73,53 74,63 75,76 69,44 68,49 69,44 

Tapped density (g/100 ml) 87,50 86,57 87,88 79,86 80,14 78,47 

Carr compressibility index 15,97 13,79 13,79 13,05 14,54 11,51 

Loss on drying (%) 

 

3,06 3,10 3,11 3,09 3,04 3,50 

Particle size analysis (%)       

 0,090 mm 11,7 16,0 15,7 19,1 20,8 25,5 

0,090 – 0,180 mm 18,8 8,0 9,7 29,8 39,7 16,2 

0,180 – 0,355 mm 32,6 14,9 26,2 28,2 18,7 24,6 

0,355 – 0,710 mm 16,2 27,5 23,2 15,8 13,7 22,3 

0,710 – 1,000 mm 11,6 18,8 14,4 6,2 5,9 8,5 

 1,000 mm 9,1 14,8 10,8 0,9 1,2 2,9 

 

 

6.1.4. Reproduction 

I performed my experiments with production-scale machinery. Reproducibility is important, 

and a prerequisite for validation in the pharmaceutical industry. For this reason, setting 10 was 

selected as the medium value to manufacture a further 5 batches in the Collette Ultima Pro 600 (the 

results are shown in Table 6.), and the granules with those prepared in the Diosna P400 were 

compared. 

 

Table 6. Granules properties of reproduction batches in the Collette Ultima Pro 600 

 

 R/1 R/2 R/3 R/4 R/5 R/6 

Bulk density (g/100 ml) 68,49 69,44 69,44 69,44 71,43 69,44 

Tapped density (g/100 ml) 80,82 82,64 81,94 80,55 84,29 81,94 

Carr compressibility index 15,26 15,97 15,26 13,79 15,26 15,26 

Loss on drying (%) 

 

3,00 2,96 3,45 3,42 3,35 2,70 

Particle size analysis (%)       

 0,090 mm 19,7 16,2 20,6 20,2 18,9 19,7 

0,090 – 0,180 mm 20,4 15,6 19,2 15,9 15,7 14,7 

0,180 – 0,355 mm 26,7 27,0 25,4 24,7 24,8 21,9 

0,355 – 0,710 mm 24,9 28,4 28,2 29,8 29,9 32,1 

0,710 – 1,000 mm 6,8 10,4 5,8 8,3 9,2 11,6 

 1,000 mm 1,5 2,4 0,8 1,1 1,5 0 
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With respect to particle size distribution, for all the reproduction (R) batches, the fraction of 

particles >1000 m was <3%, but for D/2 and D/3 (14.8% and 10.8%) it exceeded this value. In all 

cases, the fraction of the particles <90 m in the R batches were <20%, but for D/4 and D/5 it was 

20.8% and 25.5%. For the R batches, the majority of the granules (>50%) fell into the fraction 180-

710 m, in contrast to those produced in the Diosna P400, none of which were in this range. 

The Carr compressibility index demonstrated that the granules prepared in both sets of 

equipment had good flow properties, but relative standard deviation (RSD) is higher (10.80%) for 

the D batches than the R batches (4.74%).  The bulk and tapped densities varied within a wider 

range and higher relative standard deviation for the D batches (bulk density: 68.49–75.76 g/100 ml, 

RSD: 4.34%; tapped density: 79.86-87.88 g/100 ml, RSD: 5,21%) than for the R batches (bulk 

density: 68.49–71.43 g/100 ml, RSD: 1.39%; tapped density: 80.55-84.29 g/100 ml, RSD: 1.65%). 

Figure 10. shows SEM pictures of granules prepared in the Diosna P400. The particles making 

up the granules prepared in the Diosna P400 were dense and relatively large. The spherical structure 

was retained during the fluid-bed drying process that followed the granulation. The surfaces of the 

granules displayed little wear.  

Figure 11. presents SEM pictures of granules prepared in the Collette Ultima 600. These 

granules had a looser structure, were less spherical and smaller, and cracked during drying. Any 

irregular protrusions of the particles broke away from the granules. 
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Fig. 10. SEM pictures of granules prepared in the Diosna P400 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. SEM pictures of granules prepared in the Collette Ultima Pro 600 
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The differences in the texture of the granules could be caused by the differing geometries of 

the two machines as concerns the shape and positions of the impeller and chopper blades. Because 

of these factors, the materials exhibit completely different types of motion during granulation, with 

the Collette Ultima 600 producing an ―undulating‖ effect, and the Diosna P400 granulator 

employing a ―folding‖ action. This difference can be made even more distinct by varying the 

parameter settings. 

The result of the homogeneity study (Blend Uniformity Analysis) demonstrated a mean value 

of 99.1+0.4% for the active ingredient content with the relative standard deviation less than 1.5 % 

in both cases. 

 

6.1.5. Tablet evaluation 

The tablet parameters were satisfactory in both cases. The friability was <0.33%, the thickness 

was between 4.00 and 4.19 mm, the disintegration time was <2 min for all batches, and the average 

hardness was between 51 and 66 N. The weight variation of the tablets was 0.60-1.00% for the 

experimental batches, 1.01-1.12% for the D batches, and 0.57-0.7% for the R batches.  

Assay, impurity and dissolution test of the tablets were also determined. For all batches the 

metronidazole content varied between 98.8 – 101.0 %, the impurity spot was not visible and 

dissolution values varied between 99.1 – 100. 4 %. 

 

6.1.6. Conclusion 

For two high-shear granulators with different constructions, I established the ranges of 

parameter settings which ensure the safe transference of the technologies for a preparation with a 

high content of active ingredient. 

I determined the optimal setting ranges for mass production (impeller speed: 80-135 rpm; 

ideal torque associated with the impeller speed: 560-800 Nm; chopper speed: 600-2,700 rpm; ideal 

water content of the binder solution: 26 kg; liquid binder flow rate: 3-12 kg/min; massing time: 2-6 

min), within which parameter ranges a satisfactory product could be manufactured in a manner such 

that the drying stage took place within the same fluid-bed drying equipment. The experiment 

demonstrated that, although the two technological devices perform granulation according to similar 

principles of operation, their different geometric properties require different technical settings in 

order for the end-products to have the same physical characteristics. 

The textures of the granules prepared in the two types of machine differed considerably, but 

the differences between the measured physical parameters were not as great. The granulation 

process was highly controllable, the product was suitably robust and the results were easy to 
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reproduce in the Collette Ultima 600 granulator, which allowed elimination of the inconsistencies 

resulting from the use of the Diosna P 400. 

 

6.2. The various aspects of granulation and drying 

Although the geometrical differences between high shear granulators and the divergences in 

their technical specifications and construction did result in a physical discrepancy between the 

textures of the granules, this structural difference had no significant effect on their tablet-formation 

properties. This phenomenon is clearly attributable to the fact that these macroscopic changes are 

offset by the robustness of the technology, and therefore their impact on the further processability of 

the material system is not substantial. The granules have good pressability characteristics, and 

therefore the structural changes did not affect pressability. In the case of both samples the physical 

attributes of the pressed products were well within the required specifications. I have reached this 

conclusion the structural characteristics used to analyse the agglomeration process. 

This justifiably gives rise to the question of what effect the following drying stage will have 

on the structure of the granules. Do the structural properties change depending on the drying 

method, or, once the bonds have been formed between the particles, does the moisture leave the 

system without having any impact on the final structure? To determine this, I studied granules that 

had been granulated using different methods but dried in the same way, as well as granules that 

were granulated and dried by different means. I examined the effect of microwave vacuum drying 

and fluid-bed drying on the binding forces created during the granulation stage. The primary 

objective of this series of experiments was to analyse the impact of the forces and energies released 

during the drying process on the systems granulated in the previous phases.  

Approaching the drying process from the standpoint of energy transfer theory, one would 

expect to find considerable discrepancies, since in the case of fluid-bed drying the flow of warm air 

extracts the moisture from the solid particles at atmospheric pressure, while the particles collide, 

and can thus be damaged by these extremely high-velocity collisions. In the case of microwave 

vacuum drying the layer of granules being dried is more or less static, and the moisture exits the 

granules in a sub-atmospheric chamber, as the result of a change in the partial solvent pressure 

above the material. The bowl temperature stated for the product only changes the speed of drying, 

but does not influence the change of the structure of the granules. However, the microwave-

generated energy could have an effect on the granules’ physical structure. The heat generated in this 

way is instrumental in extracting the moisture, since the solvents only affect the molecules 

indirectly. The energy applied in this way plays a very important role, since in the case of uneven 

heat dissipation, localised hotspots can arise in the material, which could in turn lead to burning 
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points. This phenomenon can be eliminated through the regulation of the microwave energy, and by 

the slow, intermittent – or where necessary continuous – agitation of the system.  

Examining the systems from the standpoint of mechanical actuation, structural discrepancies 

can also be expected in the course of drying, if the velocity and temperature of the fluidisation 

medium, as well as the volume of the batch to be dried, are not selected optimally. In the case of 

microwave drying, the optimal thickness of the layer to be dried primarily depends on the duration 

of the process; however, a low-intensity yet efficient agitation will result in a consistent change in 

the moisture content of the system.  

Thus it can be established that, besides optimisation of the manufacturing technology, the 

ideal technological parameters are also affected by the robustness of the given operation, and, 

owing to the fact that the drying stage involves a series of complex physical processes, these 

parameters have a profound influence on the quality of the end product.  

It was therefore logical to conclude that, in the course of the technology transfer, I should 

study the steps in the drying process in as much detail as the steps in the granulation process. I 

compared the physical characteristics of the dry particles from both the granulometric standpoint 

and in terms of their tablet-formation properties. My conclusions clearly corroborate the results of 

the impurity profile and physical-morphological tests of the finished tablets. Consequently, in my 

second experimental project I studied the questions related to drying. 

 

6.3. Investigation of fluid-bed and vacuum microwave drying 

6.3.1. Manufacturing process 

I performed the granulation in the Collette Ultima Pro 600 processing equipment. The active 

ingredient, the corn starch and the colloidal anhydrous silica were homogenized (impeller speed: 65 

rpm, process time: 6 min). The liquid binder was added to the powder mixture (impeller speed: 95 

rpm, chopper speed: 600 rpm, liquid binder flow rate: 7 kg/min, process time: approx. 4 minutes). 

After addition of the liquid binder, mixing was continued to the torque value (Wet massing: 

impeller speed: 95 rpm, chopper speed: 2,700 rpm, torque value: 6.5 kW). 

The granules were dried to the value of the loss on drying by using two different methods: 

In one case, I discharged the wet granules from the Collette Ultima Pro 600 equipment and loaded 

them into the Glatt WSG 200 fluid-bed dryer and performed the drying at 60 °C (process time: 35 

minutes, maximum product temperature 35.5 °C). 

In the other case, drying was carried out in Collette Ultima Pro 600 equipment by microwave-

vacuum drying. The aim was to achieve the shortest possible drying time, and I therefore used the 
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maximum forward energy (vacuum: 50 mbar, microwave forward energy: 22 kW, continuous 

mixing: 20 rpm, process time: 58 minutes, maximum product temperature: 43 °C).  

After drying, the granules were sized in a 1.5 mm sieve (rotation speed: 500 rpm), and then 

homogenized for 2 and 5 minutes with the tabletting excipients (microcrystalline cellulose, talc and 

magnesium stearate) in a container blender.  

Figure 12. shows the flowcharts of the detailed manufacturing processes.  

I determined the size distribution of the granules, their tapped and bulk densities, porosity and loss 

on drying, and took SEM photographs. The individual and average masses, thicknesses, hardnesses 

and disintegration time of the tablets were examined. Analytical investigations (BUA, assay, purity, 

dissolution) were also carried out. 
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 Dry mixing 

Collette Ultima Pro 600 single-pot processor  

Impeller speed: 65 rpm, Process time: 6 min 

Corn starch 

Colloidal anhydrous silica 

Metronidazole 

  

 Liquid binder addition 

Collette Ultima Pro 600 single-pot processor 

Impeller speed: 95 rpm, Chopper speed: 600 rpm 

Liquid binder flow rate: 7 kg/min 

Process time: approx. 4 min 

Povidone K-30 

Glycerin 

Purified water 

  

 Wet massing  

Collette Ultima Pro 600 single-pot processor  

Impeller speed: 95 rpm, Chopper speed: 2,700 rpm 

Torque value: 6.5 kW 

 

     

Drying  

Glatt WSG 200 fluid-bed granulator and dryer 

Inlet air temperature: 60°C 

Dry to approx. 3.0 – 4.0 % 

Drying 

Collette Ultima Pro 600 single-pot processor 

Continous mixing: 20 rpm, Vacuum: 50 mbar, 

Microwave forward energy: 22 kW, 

Dry to approx. 3.0 – 4.0 % 

  

 

Sieving  

Quadro comil U 20 

Rotation speed: 500 rpm, Sieve size: 1.5 mm 

 

  

 

Blending I.  

Zanchetta Canguro container blender 

Process time: 2 min 

Talc, 

Microcrystalline cellulose 

  

 

Blending II. 

Zanchetta Canguro container blender 

Process time: 5 min 

Magnesium-stearate 

  

 

Tabletting  

Courtoy R 190 Ft tablet press 

Rotation speed: 65 rpm 

 

 

Fig. 12. Flow sheet of the granulation in two types of dryers and tabletting. 
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6.3.2. Effects of different drying techniques on properties of granules and tablets made on a 

production scale 

Depending on the composition of the material system and the solvents used (organic or water) 

and their quantities, preference is given to different drying techniques (e.g. fluid-bed or vacuum) in 

the pharmaceutical industry. However, for certain material systems, the differences between the 

drying technologies are not marked enough to make one or the other unambiguously preferable. The 

products under study do not contain organic solvents or materials that are sensitive to heat or 

oxygen, or which contain toxic or potent compounds, in which cases the single-pot technology 

would be clearly preferable. 42, 52  On the other hand, I am not using a liquid binder with a high 

water content, and it is therefore not necessary to ensure a low loss on drying when the granules are 

dried (Table 7.), in which case fluid-bed drying would be preferable. For this reason, with these 

products I had the opportunity to perform a comparative granulometric analysis of different 

techniques used for drying wet granules prepared by using the same method. The advantage of 

fluid-bed drying is the short drying time, in contrast with pure vacuum drying, which entails a long 

processing time. Accordingly, I combined vacuum drying with microwave drying, since the 

duration of processing is an important consideration in the pharmaceutical industry. In the drying 

process, the primary goal was to shorten the processing time. In the experiments, the difference 

between the maximum product temperatures attained with the two drying techniques (35.5 °C and 

43 °C) had no impact on the product quality. 

In the case of high-shear granulation granule size increase is influenced by the impeller speed, the 

wet massing time and the amount of liquid. In this study, the granules were granulated by means of 

the same technology, but dried with different methods. The powder fraction was relatively high for 

both vacuum and fluid-bed drying, at  21% and  23%, respectively, as shown in Table 7., but a 

significant difference in the powder fraction was not detected (which is consistent with earlier 

reported results. 109 ). In respect to the composition under study, the mean particle size ((D50) was 

larger for the granules dried by using microwaves than for the fluid-bed dried sample. This is 

because the granules collide with each other and the wall of the equipment during the fluid-bed 

drying process. Particles therefore constantly break off and are eroded. 

Besides D50, my findings were also corroborated by the SEM images shown in Figures 11. and 13. 

The granules dried in the vacuum chamber were more geometrically regular and spherical, and thus 

had a different external physical structure from that of the granules dried with the fluid-bed 

technology.  
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Table 7. Granule properties of batches dried  

in the Collette Ultima Pro 600 and in the Glatt WSG 200 

 

 Glatt WSG 200 Collette Ultima Pro 600 

Bulk density (g/100 ml) 68.49 – 71.43 79.37 – 83.30 

Tapped density (g/100 ml) 80.55 – 84.29 94.53 – 104.17 

Loss on drying (%) 2.70 – 3.45  3.07 – 4.08 

Fine particles (%)  21  23 

D50 (μm) 310 – 370 360 – 420  

Porosity  (%) 73.9 63.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13. SEM photograph of granules dried in the Collette Ultima Pro 600 

 

The physical differences between the granules could result partly from the drying time, and partly 

from the nature of the drying curves (Fig. 14). In order for a material system with the same moisture 

content to be achieved by the end of the drying process, approximately 1.5 times the drying time is 

necessary in the case of vacuum drying than in the case of fluid-bed drying. In other words the 

expulsion of moisture is slower, gentler and more even, with the result that the primary physical 

structure of the granules remains more intact. In the case of fluid-bed drying, the raggedness and 

erosion of the granules arises not only from the impact, but also as a result of the sudden 

temperature change, owing to the rapid expulsion of moisture. This rapid evaporation inflicts more 

intensive damage on the granules. 
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Fig. 14. Drying curves of the vacuum-microwave ( - - - - ) and fluid-bed (  )drying technology 

 

It is known from the literature that the porosity of granules is affected considerably by the impeller 

speed and the wet massing time. 107  However, less research has been conducted into the extent to 

which the porosity of granules prepared by using the same granulation technology is influenced by 

the subsequent use of different drying methods. 

The data in Table 7. shows that the granules dried in the vacuum chamber had a lower level of 

porosity than those dried by using the fluid-bed process, although the drying process was slower. 

This is due to the mechanism by which the moisture is forced out of the capillaries in the granules 

under sub-atmospheric pressure, which results in the formation of ―channels‖ in the interior of the 

granules as the moisture leaves the granules. In the course of fluid-bed drying, which takes place at 

atmospheric pressure, the granules dry from their surface inwards, which results in a higher level of 

porosity. 

The lower porosity values entail higher bulk and tapped density values, as shown in Table 7. 

A reduction in porosity generally leads to a deterioration in compressibility. In the systems I 

examined, this took the form of a shift in the range of the compressing force required to produce a 

tablet of the same hardness. 110-114  

The correlation between compressing force and hardness is shown in Fig. 15. The granules prepared 

by using microwave-vacuum drying are denser, with the result that the tablets are thinner and easily 

compressible, but a higher pressure force must be applied than in the case of the granules dried with 

the fluid-bed technology. The correlation between hardness and thickness is shown in Fig. 16. The 

thickness of the compressed tablets from the granules dried with the microwave-vacuum technology 

was lower than that of the tablets compressed from granules of the same hardness, dried with the 
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fluid-bed technology. The differences in pressability can be attributed to the differences in the 

granules’ structure, which are caused by the differing drying technologies. The use of the different 

drying techniques had no effect on the individual mass distribution or disintegration time of the 

tablets; they had a relatively low mass distribution and short disintegration time (< 1 minute) in 

both cases. 

For all batches the metronidazole content varied between 99.0 – 101.3 %, the impurity spot 

was not visible and dissolution values varied between 97.6 – 103.0 %. 

The result of the homogeneity study (Blend Uniformity Analysis) demonstrated a mean value 

of 99.6 + 0.3% for the active ingredient content with a relative standard deviation (RSD) of less 

than 1.3 % in all batches. 
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Higher pressing power had to be applied when pressing granules dried using vacuum-microwave 

technology (+) than in the case of fluid-bed dried granules (   ). 
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Fig. 15. The correlation between hardness and pressing power 

 

     Tablets pressed from granules dried in the Collette Ultima Pro 600 

     Tablets pressed from granules dried in the Glatt WSG 200 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 16. The correlation between hardness and thickness 
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6.3.3. Conclusions 

Following the wet massing process, the drying technologies applied in the pharmaceutical 

industry were selected on the basis of a number of criteria, such as the properties of the active 

ingredient, the type of solvent, the processing time, etc. The choice of the most suitable technology 

for the given purpose requires careful consideration and testing. Two drying techniques, based on 

differing principles (fluid-bed and microwave-vacuum) were selected for the purposes of the 

present research, and the properties of the granules produced by using these methods were 

compared. 

The granules produced in the traditional high-shear granulator and dried in a vacuum chamber had a 

lower level of porosity, and higher bulk and tapped densities, owing to the special characteristics of 

the drying process. They retained their spherical form, in contrast to the granules dried by using the 

fluid-bed technology. These characteristics of the granules also determined the properties of the 

tablets pressed from them, and made it necessary to apply a greater compressing force in the case of 

the granules prepared by using the microwave-vacuum drying process. At the same time, the mass 

distribution and disintegration time were not affected. 

Despite the measurable physical differences arising from the differing principles of the two drying 

methods, both drying technologies proved highly suitable for production-scale manufacturing of the 

compositions under study. 
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7. Summary 

The objective of my research was to facilitate the technology transfer of a product prepared in 

a production-scale traditional high-shear granulator and dried using fluid-bed technology, into a 

―single-pot‖ type machine, without any change to its composition.  In ―single-pot‖ or ―one-pot‖ 

equipment, the entire manufacturing process, the granulation process, as well as the drying stage 

that follows, takes place in the one device. With respect to the granulation process, I performed my 

experiments in traditional high-shear and single-pot machines with differing geometrical attributes. 

The drying process did not follow the fluid-bed principle, but was carried out using vacuum and 

microwave technology. This study aims to shed light on the similarities and differences between the 

two procedures, through a study of the – primarily physical – attributes of the granules and tablets 

produced.  

I have reached the following conclusions:  

The aggregation process of the granules is influenced considerably by the geometrical 

properties of the equipment, as well as the location and shape of the impeller and chopper. 

The quality characteristics of the particles can only be objectively analysed by performing 

several physical examinations. 

In the case of granules containing metronidazole, the fluid-bed (moving layer) drying method 

results in a smaller average granule size (D50) than the vacuum-microwave drying method. 

However, in the case of aqueous systems, the process time for vacuum-microwave drying is 

considerably longer than that of fluid-bed drying. Vacuum-microwave technology is unable to 

match the speed of fluid-bed drying. 

In the case of vacuum-microwave drying the dry granules are more spherical and 

geometrically regular, as a result of abrasion between the granules. 

In the course of fluid-bed drying, the erosion caused by the particles colliding is what causes 

greater reduction in granule size. In the case of the vacuum-microwave drying method, less erosion 

results from a combination of the longer process time and the constant agitation necessary to ensure 

even heat dissipation.  

The texture of the aggregates is mainly influenced by the drying method, rather than by the 

granulation process. 

The porosity value of granules prepared using vacuum-microwave drying is lower that those 

prepared using fluid-bed drying, owing to the means by which the moisture exits the system. 

In the case of lower-porosity products, a higher pressure must be applied when pressing 

tablets. 
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In the course of pressing, the differences in porosity result in changes to the hardness and 

thickness of the tablets. 

In the case of robust technologies, when selecting the drying method, its effect on the quality 

and stability of the material systems must also be taken into consideration. 

 

Practical usefulness: 

Pharmaceutical companies often find that they have to present scientific evidence to justify the 

replacement or modernization of equipment that could be up to one or two decades old. 

Pharmaceutical companies endeavour to achieve more cost-effective and better-regulated processes, 

in line with the standards of Good Manufacturing Practice (GMP). The advantages of single-pot 

high-shear granulators include the facts that the entire process takes place in one set of equipment, 

GMP requirements are met, the processing time is reduced, cleaning is simplified through the use of 

integrated, programmed cleaning systems, and the granulators are equipped with the appropriate 

safety systems. 39-40  

The purpose of my experiments was to search for the correlations that can be identified in the 

course of technology transfers, and which influence the quality of the products. In an industrial 

environment technology transfers are very common. Pharmaceutical technology should not only 

focus on the behaviour of material systems, but should also take into consideration the attributes of 

the equipment used, and the affect they have on the end product.  

In the course of the technology transfer I compared the processes that take place during granulation 

and drying in the case of industrial equipment operating under identical and differing principles, 

while optimising the technological parameters of a product that is currently in use. At the same 

time, an opportunity was created to learn about the operating mechanisms of a relatively new 

technological culture. The experience thus gained could also be of practical use in the course of 

future technology transfers. 
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