Vocabulary
Powder 
Entity 
Granule 
Bed 
Adhere, adhesion 
Segregation 
Mix

Constituent
Cohesive 

Aggregated 
Compaction 
Wet 
Sieve 
Pendular state маятниковое (подвижное) состояние
Capillary state капиллярное состояние 
Funicular state связанное состояние
Lens-shaped ring линзообразные кольца
Suction 

Suspension 
Densify 
Transition

Coalescence

Breakage 
Abrasion 
Attrition 
I would like to tell about the granulation process.

My lecture consists of three parts.

First of all, I am going to be showing you the reasons for granulation in chemical engineering.

Secondly, I will go on to discuss in more depth the method of granulation.

Finally, I would like to illustrate the mechanism of granulation.

So, let’s begin.

Granulation is the process in which primary powder particles adhere to form larger, multiparticle entities called granules.

The reasons why granulation is necessary are follows.

To prevent segregation of the constituents of the powder mix

Segregation occurs due to differences in the size or density of the particles of the mix. That is why the smaller particles concentrating at the base of a container with the larger ones above them. It is important to control the particle size distribution of the granules and segregation of the ingredients will not occur.
First figure gives information about the segregation process.

Let’s go to the third slide again.

As you can see other reason for granulation is to improve the flow properties of the mix. Many powders are cohesive and do not flow well because of their small size, irregular shape or surface characteristics. Poor flow will often result in a wide weight variation within the final product. 

And the last reason is to improve the compaction characteristics of the mix. Some powders are difficult to compact even if adhesive component is included in the mix. The reason is the distribution of the adhesive within the granule and the method employed to produce the granule.
I'd now like to move on to granulation methods
Granulation methods can be divided into two types: dry granulation and wet granulation (involving wet massing).
In the dry methods of granulation, the primary powder particles are aggregated under high pressure.

Wet granulation involves the massing of a mix of dry primary powder particles using a granulating fluid. The fluid contains a solvent which must be volatile so that it can be removed by drying. Typical liquids include water, ethanol and

isopropanol. In the traditional wet granulation method, the wet mass is forced through a sieve to produce wet granules which are then dried. Variations of this traditional method depend on the equipment used, but the general principle of initial particle aggregation using a liquid remains in all of the processes.

So, next.

I’d like to discuss granulation mechanisms in case of wet granulation.
During wet granulation liquid is added to the powder mix and will be distributed as films around and between the particles. There are If you look at second figure, you’ll see three states of water distribution between particles.
At low moisture levels, termed the pendular state, the particles are held together by lens-shaped rings of liquid. 

When all the air has been displaced from between the particles the capillary state is reached, and the particles are held by capillary suction at the liquid/air interface.

The funicular state represents an intermediate stage between the pendular and capillary states. In addition to these three states, a further state, the suspension, is illustrated in second figure.
Let’s go to next slide.
The granulation mechanism can be divided into three stages.

First stage is nucleation.
Granulation starts with particle–particle contact and adhesion due to liquid bridges. A number of particles will join to form the pendular state illustrated in Figure 2. Further agitation densifies the pendular bodies to form the capillary state, and these bodies act as nuclei for further granule growth.

Next stage is transition.
Nuclei can grow in two possible ways: either single particles can be added to the nuclei by pendular bridges, or two or more nuclei may combine. The combined nuclei will be reshaped by the agitation of the bed. This stage is characterized by the presence of a large number of small granules. 

And last stage is ball growth.
Further granule growth produces large, spherical granules and the mean particle size of the granulating system will increase with time. 

The four possible mechanisms of ball growth are illustrated in Third Figure.
Coalescence. Two or more granules join to form a larger granule. 

Breakage. Granules break into fragments which adhere to other granules, forming a layer of material over the surviving granule.

Abrasion transfer. Agitation of the granule bed leads to the attrition of material from granules. This abraded material adheres to other granules, increasing their size.
Layering. When a second batch of powder mix is added to a bed of granules the powder will adhere to the granules, forming a layer over the surface and increasing the granule size.
