
Milling 

Is the mechanical process of reducing the particle size of 
solids.  

Various terms ( crushing –disintegration--dispersion –
grinding---& pulverization) 

Milling equipment is classified as coarse, intermediate, or 
fine according to the size of the milled product. 

Size is expressed in terms of mesh (no. of openings per 
linear inch of a screen). 



Pharmaceutical application 



 benefits of  milling 

1-This increased specific surface affects the therapeutic 
efficiency of medicinal compounds that possess a low 
solubility in body fluids by increasing the area of 
contact between the solid & the dissolving fluid. 

2-The drying of wet masses may be facilitated by 
milling, which increases the surface area & reduces the 
distance the moisture must travel within the particle to 
reach the outer surface.    



3- The mixing or blending of several solid 
ingredients of a pharmaceutical is easier & more 
uniform if the ingredients are approximately the 
same size. This provides a greater uniformity of 
dose. Solid pharmaceuticals that are artificially 
colored are often milled to distribute the 
coloring agent to ensure that the mixture is not 
mottled & is uniform from batch to batch.  



Size distribution & measurement 
 Naturally occurring particulate solids & milled solids, the 

shape of particles is irregular & the size of the particles varies 
within the range of the largest & smallest particles.  

 There is no known method of defining an irregular particle in 
geometric terms ; however statistical methods have been 
developed to express the size of an irregular particle in terms 
of diameter. 

for an irregular particle an equivalent particle with the same 
surface or volume may be substituted. For convenience of 
mathematical treatment, an irregular particle is considered in 
terms of an equivalent sphere. So the irregular particle 
expressed as diameter. 

 



The main methods are used to 

measure particle size are 

microscopy 

Sedimentation sieving 



microscopy 

 Is the most direct method for size distribution measurement. 

Its lower limit of application is determined by the resolving 

power of the lens.  

 A particle cannot be resolved if its size is close to the wave 

length of the light source. 

 



White 
light 

• an ordinary microscope is used to measure particles 
from 0.4 to 150 microns. 

ultraviole
t 

• The lower limit may be extended to 0.1 micron 

ultramicr
oscope 

• The resolution is improved by use of a darkfeild 
illumination& the size range is from 0.01 to 0.2 micron  



The diameters  of the particles on the slide are measured by means of a 
calibrated filar micrometer eyepiece.  

the hairline of the eye piece is moved by the micrometer to one edge of a 
particle & the reading on the micrometer is recorded. 

The hairline is then moved to the opposite edge of the particle being 
measured & the micrometer is read.  

The difference between the 2 readings is the diameter of the particle. 

all of the particles are measured along an arbitrary fixed line. 



Eyepieces with grids of circles & squares are used to compare the 
cross sectional area of each particle in the microscopic field with 
one of the numbered patterns. The number of particles that best 
fits one of the numbered particles is recorded. The process 
repeated until the size range is covered. 

Total number of fields depends on the number of particles per 
field. Acc to British std at least 625 particles and thi sdepends on 
the particle size distribution. If it is wide so need to read more. If it 
is narrow so 200 particles are enough. 

There is a considerable variation among operators using the 
microscopy technique. 



Sieving is the most widely used 

because  

inexpensive 

The lower limit of 
application is to be 50 
microns, micromish 

sieves are available for 
extending the lower 
limit to 10 microns   

Little 
variation 
between 
operator 

rapid 

simple 



A sieve consist of a pan with a bottom of wire cloth with 

square openings.  

In the united state 2 
standards of sieves are used  

1- the tyler std scale 

2- u.s std scale 

The procedure 
involves the 

mechanical shaking 
of a sample through 

a series of 
successively smaller 

sieves & the 
weighing of portion 

of the sample 
retained on each 

sieve. 



 



Factors affect on sieving 

1-the type of motion 
influences sieving: 
vibratory motion is 

most efficient 
followed successively 
by side-tap motion, 

bottom –tap motion, 
rotary motion. 

2- time is an 
important factor in 

sieving  

3-the load or 
thickness of powder 
per unit area of sieve 
influences the time of 

sieving . 



The size of the 
particles retained is 

taken as the 
arithmetic or 

geometric mean of 
the 2 sieves 

A powder passing a 
30-mesh & retained 
on a 45-mesh sieve 

is assigned an 
arithmetic mean 
diameter of  (590 

+350)/2=470 
micron  



sedimentation 

 May be used over a size range from 1 to 200 microns. 

 The sedimentation method is based on the dependence of the 

rate of sedimentation of the particles on their size as 

expressed by stokes equation 

 

 

 

 This applicable to free spheres that are falling at 
constant rate. 

 

 



  

If the concentration of the suspension does not 
exceed 2%, there is no significant interaction  
between the particles & they are settle  
independent of each other. 



Anderson method 

 



 



Theory of comminution 

 The mechanical behavior of solids which under the stress are 

strained & deformed as shown below 

 The initial linear portion of the curve is defined by Hooks 

law ( stress is proportional to strain). 

 Youngs modulus( slop of linear portion) expresses the 

stiffness or softness in dynes per square centimeter. 

 The stress – strain curve becomes nonlinear at the  yield 

point a measure of the resistance  to permanent deformation.  

 The area under the curve represents the energy of fructure.  



 



 



 



 



The most efficient mills utilizes less than 1% of the energy 

input to fracture. The rest of the energy is dissipated in  

1- elastic deformation of unfractured particles 

2-transport of material  within the milling chamber  

3-friction between particles 

4-Friction between particles & mill  

5- heat 

6- vibration & noise  

7-inefficiency of transmission & motor 



If the force of impact does not exceed the elastic limit ( 
region of Hookes law) ,the material is reversibly deformed 
or stressed.  

When the force is removed ,the particle returns to its 
original condition, & the mechanical energy of stress in the 
deformed particle appear as heat. 

For polymeric  material hysteresis is frequent occurs in the 
stress strain cycle the area of the loop represents the 
dissipation of stress energy( usually heat).   



 



 



 



 



Energy of comminution 

 The energy required to reduce the size of particles is 

inversely proportional to the size raised to some power. This 

may be expressed mathematically as: 

 

 

Where dE is the amount of energy required to produce a 

change in size , dD, of unit mass of material & where C &n 

are constants. 



Types of mills 

a mill consist of 3 basic parts  

1-feed chute , which delivers the material 

2-grinding 
mechanism 

,usually 
consisting of a 
rotor & stator 

3- discharge 
chute  



 The principle of operation depends on direct pressure 

,impact from a sharp blow, attrition or cutting .  

 In most mills the grinding effect is a combination of these 

actions. 

 The manner in which the operator feeds a mill markedly 

affects the product. 

 1- if the rate is of feed is slow, the product discharged readily 

& the amount of undersize or fines is minimized. 

 2- If the mill is choke fed at a fast rate , the material is in the 

milling  chamber for along time as its discharge 



 Is impeded by the mass of material. This provide a greater 

reduction of particle size but the capacity of the mill is 

reduced & power consumption is increased. 

 Choke feed is used when a small amount of material is to be 

milled in one operation. 

 The rate of discharge should be equal to the rate of 

feed, which is such that the milling parts can 

operate most effectively.    



Hammer mill  
 The hammer mill is an impact mill using a high speed rotor to 

which a no. of swinging hammers are fixed.  

 The material is fed at the top or center, thrown out centrifugally,& 
ground by impact of the hammers or against the plates around the 
periphery of the casing. 

 The clearance between the housing and the hammers contributes 
to the size reduction. The matrrial retained until it is small enough 
to fall through the screen. 

 Particles fine enough to pass through the screen. 

 The hammer mill versatility makes it use to mil dry materials, wet 
filter press cakes, ointments & slurries . 

 The size of the product size is controlled by selecting the speed of 
hammers & the size & type of screen. 



 



 











Ball mill 

 The ball mill consists of a horizontally rotating hollow vessel 

of cylindrical shape with the length slightly greater than its 

diameter. The mill is partially filled with balls of steel or 

pebbles are used, it is known as rod or bars are used, it is 

known as a rod mill. 

 The rod mill is particularly useful with sticky material that 

would hold the balls together ,because the greater weight of 

the rods causes them to pull apart. 

 Ball milling is combination of impact & attrition. 















Fluid energy mill 

in the fluid energy mill or (micronizer) the material is 
suspended & conveyed at high velocity by air steam  

The violent turbulence air& steam reduces the particle 
size by interparticular attrition 

Air is usually used because most pharmaceuticals have a 
low melting point or are thermoliable.  

As the compressed air expands at the orifice ,the cooling 
effect counteracts the heat generated by milling.     






