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a b s t r a c t

Wet granulation is a very important unit operation that finds applications in many industries mainly
pharmaceutical and chemical industries. Various granulation technologies in batch and continuous
modes were employed viz., high shear granulators, fluid bed granulators, twin screw granulators and
the novel ones like foam granulators, steam granulators, dry granulators etc. In this review, various
aspects of pharmaceutical granulation like technologies, characterization tools, process control, mod-
elling and simulation, kinetics and scale up have been thoroughly analysed and discussed in terms of
development trends and future challenges and prospects. The critical role played by various off line
and inline characterization tools was highlighted along with their applications. Studies from PBM,
DEM to hybrid models, CFD and ANN based models were presented in terms of their performance and
challenges. Kinetic studies to understand the rate and influencing parameters of various steps involved
in granulation process with controlling regimes were discussed along with the models used. The scale-
up, a major challenge in granulation was also discussed in terms of the methodology and efficiency in
retaining the granule attributes with proper control of process parameters was also presented. Process
control protocols employed in the wet granulation process was discussed along with the relations of
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different granule and tablet attributes to process and design parameters. The future challenges and pro-
spects in the above mentioned aspects were listed for prospective researchers.
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Nomenclature

e Porosity
W Weight of liquid
ql Density of liquid
qs Density of the solid
h Convective heat transfer coefficient of the particle
kp Conductive heat transfer coefficient of the particle
dp Diameter of the particle
k Latent heat of vaporization
Lht Entry length
Tg Inlet gas temperature
Tl Liquid temperature
A Area of bed
mo Evaporation rate of liquid
wa Spray flux
Vo Volumetric spray rate
Ao Spray area
dd Average droplet diameter
sp Drop penetration time
tp Time taken for a drop to fully penetrate the powder bed
tc Time taken for the exposed surface of powder to circu-

late back to the spray zone
~G Gravitational acceleration
Fp Sum of the forces on the particle caused due to other

particles
Fw Sum of the forces on the particle caused by walls
I Inertia
~R Position vector at current time
~V Velocity vector at the current time step

~w Rotational velocity vector at current time step
Ds Length of the time step
vn
!

Normal collision velocity
v t
!

Tangential velocity
K Spring constant
g Damping coefficient
l Coefficient of friction
n Tangential overlap
Ft
!

Tangential forces
Fn
!

Normal forces
F(x,t) F is the density of each particle and x is the vector
Rform Birth rate of the particles having internal properties x
Rdepletion Death rate of the particles having internal properties x
F(s,l,g,t) s, l, g are vectors which represent the solid, liquid, and

Gas volumes in a granule
Raggregation Net rate of aggregation
Rbreak Net rate of breakage
Rnucleation Net rate of nucleation
Xin Molar concentration of the in-flow properties
Xout Molar properties of the out-flow properties
Stdef Stokes Deformation number
Uc Representative collision velocity of Granules
Pd Tapped density after vibration
Ad Bulk density untapped
qEV Envelope density
qs Skeletal density
qbd Maximum compressed density
SSA Specific Surface area
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