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Screens for hammer mill

• Hammer mills
– Various shapes of hammers may be used.

– The rate of feed must be controlled.

– The speed of hammer is crucial. Low speed gives
mixing rather than grinding while with higher speed,
no enough time for the material to fall in the screen.

– Thickness of screen affects the size of product

Impact methods
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Effect of exiting particle angle 
through mill screen on exiting 
particle size.

Effect of mill screen thickness 
on exiting particle size.
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• Hammer mills
– Advantages:

1. Rapid in action.
2. Can be used almost for any type of milling (dry material,

ointments and slurries).
3. The size of product can be controlled by controlling the

rotor speed, type and number of hammers, and screen size
and thickness.

Impact methods
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Roller mills
• Principle of operation : 

– Roller mills use the principle of attrition for 
milling solids in suspensions, pastes or 
ointments.

– Two or three porcelain or metal rolls are
mounted horizontally with an adjustable gap,
and rotate at different speed so that the material
is sheared as it passes through the gap.

Attrition methods

37

Attrition methods
Colloid Mills

• Colloid mills are a group of machines used for wet grinding
dispersion, and preparation of emulsions.

• They operate by shearing relatively thin layers of material between
two surfaces, one of which (rotor) is moving at a high angular
velocity relative to the other (stator).

• The clearance is adjustable from virtually zero upward.
• The rotor is rotated at several thousand revolutions per minute,

and the slurry of already fine material passes through the clearance
under the action of centrifugal forces.

• Although very fine dispersions can be produced, they are not, as
the name implies, of colloidal dimensions.

38
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The clearance is adjustable from
virtually zero upward.

Ball mills
• Principle of operation

– Ball mills consist of a hollow cylinder
mounted such that it can be rotated on its
horizontal longitudinal axis.

– Their size range from laboratory to industrial
(Cylinder can be greater that 3 m).

– The cylinder contain balls that occupy 30 – 50
% of the total volume.

Combined impact and attrition methods
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Ball mills
• Principle of operation

– Ball size depends on feed and mill size.

– Balls with different diameter help to improve the product as
the large balls tend to breakdown the coarse feed materials
and the smaller balls help to form the fine product by
reducing void spaces between balls.

Combined impact and attrition methods

41

Ball mills
– The amount of material in the mill and the speed of

rotation are very important factors.

– Too much feeding produces a cushioning effect and too
little causes loss of efficiency and abrasion of the mill.

– At high speed, the balls are thrown out onto the mill wall
by centrifugal forces, where at low speed the balls slide
over each other with negligible amount of size reduction.

Combined impact and attrition methods
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(A)Sliding at low speed, 
(B) Centrifuging at high 

speed, 
(C) Cascading at optimum 

speed.

• Vibration mills
– Principle of operation

• The vibration mills are filled to about 80% total volume with
porcelain or steel balls.

• During milling the whole body of the mill is vibrated and size
reduction occurs by repeated impactions.

• Comminuted particles fall through a screen at the base of mill.

Combined impact and attrition methods
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Vibration mill 46
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• Fluid energy mill
– A typical form of this mill consists of a hollow toroid (loop)

which has a diameter of 20 – 200 mm depending on the
height of the loop which may be up to 2 m.

– A fluid, usually air, is injected at high pressure through
nozzle at the bottom of the loop, resulting in a high velocity
circulation in a very turbulent manner.

Combined impact and attrition methods
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• Fluid energy mill
– The high kinetic energy of the air causes impact and some attrition

forces to occur between the introduced particles which result in
size reduction.

– If fine powder is intended, the feed should be pre-milled to about
150 – 840 m.

– A classifier is incorporated so that particles are retained until
sufficiently fine.

Combined impact and attrition methods

49

• Fluid energy mill

– Advantages:
1. Suitable for fine powder.

2. Expansion of gases at the nozzle leads to cooling effect. This
counteract the frictional heat, which may affect heat sensitive
materials.

Combined impact and attrition methods
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• Pin mill
– Principle of operation

• It consists of two disks with closely spaced
pins rotate against one another at high speed.

• Particle size reduction occurs by impaction
with pins and by attrition between pins as the
particles travel outwards under influence of
centrifugal force.

Combined impact and attrition methods
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Conical screen mill
• The conical mill operates by having the

product being fed into the mill by gravity or
vacuum.

• A rotating impeller forces the material
outward to a conical screen surface, where
it is sized and passed through the openings
in the screen.

• The particles are subjected to impaction, 
attrition and compression.

53

Conical screen mill
• Conical mills come in a variety of sizes from tabletop lab

models to full-size high-capacity machines for use in
processing large quantities of material, and the impeller and
screen can be customized for each individual use.

• The machines can be used not only to reduce the size of
particles, but also for deagglomeration, sieving, dispersion,
and mixing.
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• The applications for a conical mill in pharmaceutical industry include:
– Reclaiming broken pharmaceutical tablets by grinding them back 

into powder for re-forming. 
– Sizing wet granulated particles before drying, and sizing dry 

granulated particles after they've dried before tabletting.

• The conical mill has some marked advantages over the hammer mill: 
1. low noise, heat and dust 
2. a more uniform particle size
3. flexibility to mill wet and dry material 
4. higher capacity

Conical screen mill
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Critical milling factors
A. Impeller type
B. Screen type
C. Impeller/screen gap
D. Velocity
E. Feed and discharge condition

Conical screen mill

56
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Examples of conical screens

Examples of conical mill impellers

Conical mill

57

Wet and dry milling
• The choice of dry or wet milling depends on the use of the

product and its subsequent processing.

• If the product undergoes physical or chemical interaction
with water, dry milling is recommended.

• Wet milling eliminates dust hazards and is beneficial to
grind to lower size limits than dry milling.
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Inert milling

• Under inert gas (nitrogen)

• For explosive, combustible and oxidizable products

59

Cryogenic milling

• Milling under low temperature 
• Uses liquid nitrogen or carbon dioxide.

• Applications:
– to enhance milling for soft, elastic and low-melting point materials 

by freezing them and making them brittle. 
– for milling of heat sensitive products

60
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Selection of particle size reduction method

The selection of a  size reduction method depends on:
1) Material properties

– Hardness
– Structure (Cutter mill for fibrous materials)
– Toxicity (Closed mills like ball mill)
– Explosion (wet grinding or use inert gas)

2) Properties of final product
– Degree of size reduction
– Shape (Attrition methods give spheroidal particles with better 

flow properties) 61

Selection of particle size reduction method
example of millSize required
Cutter mill, Conical mill, Roller mills
Hammer mills

Very coarse powder product
(>1000 µm) 

Ball mills, Conical mill, Cutter mill, 
Hammer mills, Pin mill, Roller mills,
Vibration mills

coarse powder product (50-
1000 µm) 

Ball mills, Colloid mill, Fluid energy mill,
Pin mill, Vibration mills

Fine powder product (< 50 
µm) 

62
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Selection of particle size 
reduction method

The selection of a  size reduction method depends on:
3) Need for dust control

– Use closed mills (e.g. costly or toxic material)

4) Sanitation
– Ease of cleaning, sterilization
– For milling of sterile material the mill should be totally isolated (e.g. 

Ball mill).
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Selection of particle size 
reduction method

The selection of a  size reduction method depends on:

5) Capacity of the mill and production rate requirements

6) Economical factors
– Cost
– Power consumption
– Space occupied
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