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2.1 SIZE REDUCTION 

Size Reduction may refer to the operation in which we reduce the size of coarse particles 

into fine or very fine particles. Reduction of particle size is an important operation in 

many chemical and other industries. The important reasons for size reduction are:  

 Easy handling  

 Increase in surface area per unit volume  

 Separation of entrapped components  

The operation is highly energy intensive; hence a variety of specialized equipment is 

available for specific applications. The equipment may utilize one or more of the 

following physical mechanisms for size reduction:  

(i) Compression,  

(ii) Impact,  

(iii) Attrition,  

(iv) Cutting.  

Estimation of energy for the operation is important and is usually done by empirical 

equations. Enormous quantities of energy are consumed in size reduction operations. 

Size reduction is the most inefficient unit operations in terms of energy, as 99% of the 

energy supplied goes to operating the equipment and producing undesirable heat and 

noise, while less than 1% goes in creating new interfacial area.  Reduction to very fine 

sizes is much more costly in terms of energy as compared to relatively coarse products. 

 

2.2 SIZE REDUCTION EQUIPMENTS 

Crushers do the heavy work of breaking large pieces of solid material into small lumps. 

A primary crusher operates on run of mine material, accepting anything that comes 

from the mine face and breaking it into 6 – 10 in. lumps. A secondary crusher reduces 

CHAPTER 
2

• SIZE REDUCTION
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these lumps to particles perhaps 6 mm in size. Grinders reduced crushed feed to 

powder. Size reduction equipments is divided into following categories as follows: 

 

2.2.1 CRUSHERS 

A crusher is a machine designed to reduce coarse particles into fine particles , gravel, or 

rock dust. 

Crushers may be used to reduce the size, or change the form, of waste materials so they 

can be more easily disposed of or recycled, or to reduce the size of a solid mix of raw 

materials (as in rock ore), so that pieces of different composition can be differentiated. 

Crushing is the process of transferring a force amplified by mechanical 

advantage through a material made of molecules that bond together more strongly, 

and resist deformation more, than those in the material being crushed do. Crushing 

devices hold material between two parallel or tangent solid surfaces, and apply 

sufficient force to bring the surfaces together to generate enough energy within the 

material being crushed so that its molecules separate from (fracturing), or change 

alignment in relation to (deformation), each other. The earliest crushers were hand-held 

stones, where the weight of the stone provided a boost to muscle power, used against a 

stone anvil. Querns and mortars are types of these crushing devices. 

 

2.2.1.1 JAW CRUSHERS 

A jaw or toggle crusher consists of a set of vertical jaws, one jaw being fixed and the 

other being moved back and forth relative to it by a cam or pitman mechanism, acting 

as a class II lever, like a nutcracker. The jaws are farther apart at the top than at the 

bottom, forming a tapered chute so that the material is crushed progressively smaller 

and smaller as it travels downward until it is small enough to escape from the bottom 

opening. The movement of the jaw can be quite small, since complete crushing is not 

performed in one stroke. The inertia required to crush the material is provided by a 

weighted flywheel that moves a shaft creating an eccentric motion that causes the 

closing of the gap. 
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Single and double toggle jaw crushers are constructed of heavy duty fabricated plate 

frames with reinforcing ribs throughout. Manganese steel is used for both fixed and 

movable jaw faces. Heavy flywheels allow crushing peaks on tough materials. Double 

Toggle jaw crushers may feature hydraulic toggle adjusting mechanisms. 

There are 3 types of jaw crushers according to the place the movable plate has been 

fixed around which position the rotates the movable jaw. 

1. Blake crusher-fixed in the lower point 

2. Dodge crusher-fixed in the upper point 

3. Universal crusher-fixed in the midpoint 

 

2.2.1.2 GYRATORY CRUSHERS 

A gyratory crusher is similar in basic concept to a jaw crusher, consisting of a concave 

surface and a conical head; both surfaces are typically lined with manganese steel 

surfaces. The inner cone has a slight circular movement, but does not rotate; the 

movement is generated by an eccentric arrangement. As with the jaw crusher, material 

travels downward between the two surfaces being progressively crushed until it is small 

enough to fall out through the gap between the two surfaces. 
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A gyratory crusher is one of the main types of primary crushers in a mine or ore 

processing plant. Gyratory crushers are designated in size either by the gape and mantle 

diameter or by the size of the receiving opening. Gyratory crushers can be used for 

primary or secondary crushing. The crushing action is caused by the closing of the gap 

between the mantle line (movable) mounted on the central vertical spindle and the 

concave liners (fixed) mounted on the main frame of the crusher. The gap is opened and 

closed by an eccentric on the bottom of the spindle that causes the central vertical 

spindle to gyrate. The vertical spindle is free to rotate around its own axis. The crusher 

illustrated is a short-shaft suspended spindle type, meaning that the main shaft is 

suspended at the top and that the eccentric is mounted above the gear. The short-shaft 

design has superseded the long-shaft design in which the eccentric is mounted below 

the gear. 

 

2.2.1.3 ROLL CRUSHERS 

The Roll Crushers are compression type crushers, and were once widely used in mining. 

They have, within the last 10 or so years, fallen into dis-favor among mining and 

processing companies. The probable reason is because the large mines require very 

large crushed product output with minimal cost, makes the roll crusher uncompetitive. 

The roll crushers are not nearly as productive as cone crushers, with respect to volume, 

and they do have a little higher maintenance associated with them. Roll crushers do, 
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however, give a very close product size distribution, and if the ore is not too abrasive, 

they do not have high maintenance costs. 

 

The particles are drawn into the gap between the rolls by their rotating motion and a 

friction angle formed between the rolls and the particle, called the nip angle. The two 

rolls force the particle between their rotating surface into the ever smaller gap area, and 

it fractures from the compressive forces presented by the rotating rolls. Some major 

advantages of roll crushers are they give a very fine product size distribution and they 

produce very little dust or fines. Rolls crushers are effectively used in minerals crushing 

where the ores are not too abrasive and they are also used in smaller scale production 

mining of more abrasive metal ores, such as gold. Coal is probably the largest user of 

roll crushers, currently, though. Coal plants will use roll crushers, either single roll or 

double roll, as primary crushers, reducing the ROM coal. Usually, these crushers will have 

teeth or raised forms on the face of the roll. (Roll crushers used for minerals and metal 

ores have smooth faced rolls.) 

 

2.2.2 GRINDERS 

Grinders are same as crushers but the only difference is that grinders reduce the fine 

particles size into very fine (powder) form, whereas the crushers reduced the coarse 

particle into fine particles. 
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There are following type of equipments used for grinding of fine particles: 

 

2.2.2.1 HAMMER MILLS 

The hammer mill comprises of a heavy duty mild steel fabricated body. The grinding 

chamber of hammer mill is lined with serrated wear plates, which protects the body 

from wear and tear. A rotor in hammer mill with a set of swing hammers accelerates the 

grinding process. The screen classifier forms the lower half of the grinding chamber of 

hammer mill. The blower in super type hammer mill is driven on a separate shaft with 

the help of a 'V' belt adjustable driven from the rotor shaft and the blower fan is 

mounted on same shaft of blower fan in economic type hammer mill. The hammer mill 

is especially designed for the course, and medium fine size reduction. 

 

 

 OPERATING PRINCIPLE OF HAMMER MILL  

The material to be crushed enters the hammer mill through gravity feed hopper having 

an adjustable slide to control the feed material. The material is crushed between the 
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hammers and serrated liners. A powerful blower in hammer mill continuously sucks the 

ground material through a screen classifier and conveyed through the pipe into the 

cyclone for bagging. The blower maintains constant airflow in the hammer mill chamber 

in order to obtain a cool product and continuously cleans the screens, thus increasing 

the output. Particle size of the ground material can be varied over a large range by 

using sieves with the desired openings of hammer mill. 

 

2.2.2.2 BALL MILLS 

A ball mill is a type of grinder used to grind materials into extremely fine powder for use 

in mineral dressing processes, paints, pyrotechnics, and ceramics. 

 

 OPERATING PRINCIPLE 

The principle of size reduction in ball mills is impact of balls, which fall from the top of 

the shell on t the feed particles near the bottom of the shell. 

 

 

 CONSTRUCTION OF DEVICE 

A ball mill is a horizontal cylinder partly filled with steel balls (or occasionally other 

shapes) that rotates on its axis, imparting a tumbling and cascading action to the balls. 

Material fed through the mill is crushed by impact and ground by attrition between the 

balls. The grinding media are usually made of high-chromium steel. The smaller grades 

are occasionally cylindrical ("pebs") rather than spherical. There exists a speed of 
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rotation (the "critical speed") at which the contents of the mill would simply ride over 

the roof of the mill due to centrifugal action.  

 

 

The mill is usually divided into at least two chambers,(Depends upon feed input size 

presently mill installed with Roller Press are mostly single chambered), allowing the use 

of different sizes of grinding media. Large balls are used at the inlet, to crush clinker 

nodules (which can be over 25 mm in diameter). Ball diameter here is in the range 60–

80 mm. In a two-chamber mill, the media in the second chamber are typically in the 

range 15–40 mm, although media down to 5 mm are sometimes encountered. As a 

general rule, the size of media has to match the size of material being ground: large 

media can't produce the ultra-fine particles required in the finished cement, but small 

media can't break large clinker particles. 

A current of air is passed through the mill. This helps keep the mill cool, and sweeps out 

evaporated moisture which would otherwise cause hydration and disrupt material flow. 

The dusty exhaust air is cleaned, usually with bag filters. 

 

 CRITICAL SPEED OF BALL MILL 

The critical speed (rpm) is given by:  

 
1

2
C

g
N

R r



 

Where R is the internal radius of shell in meters and r is the radius of balls used in mill in 

meters.  
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Ball mills are normally operated at around 75% of critical speed, so a mill with diameter 

5 meters will turn at around ~14 rpm. 

 

 

 

2.3 POWER REQUIREMENTS FOR CRUSHING 

The particles of feed material in size reduction equipments are first distorted and 

strained. The work needed to strained them is stored temporarily in the solid as 

mechanical energy of stress. As additional force is applied to the stressed particles, they 

are distorted beyond their ultimate strength and suddenly rupture into fragments. New 

surface is created. The creation of new surface requires work, which is supplied by the 

release of energy of stress when the particle breaks. All energy of stress in excess of the 

new surface energy created must appear as heat. 

 

2.3.1 CRUSHING EFFICIENCY 

Crushing efficiency can be defined as the ratio of the surface energy created by crushing 

to the energy absorbed by the solid. It is denoted by c . 

 s wb wa

c

n

e A A

W



  

Where, es  = surface energy per unit area 

        Awb,   Awa  = area per unit mass of product and feed 

  Wn = energy absorbed by a unit mass of the feed material 

The surface energy created by the fracture is small in comparison with the total 

mechanical energy stored in the material at the time of rupture and most of latter is 

converted into heat. Hence, crushing efficiencies are low. (Typically ranges from 0.06 to 

1 %) 
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2.3.2 LAWS OF CRUSHING 

There are three laws have been proposed to correlate the power requirement for 

crushing and grinding with the feed and product sizes. All the three involve modeling of 

the energy required actually to break the solids. The total energy required is expressed 

as a product of this computed energy and an efficiency, which is assumed to be 

independent of the size of the solids. These laws are as follows: 

 

2.3.2.1 RITTINGER’S LAW 

It states that the work required in crushing is proportional to the new surface created. It 

is written as: 

1 1
r

sb sa

P
K

m D D

 
  

 
 

Where,  Kr = Rittinger’s Constant 

,   sb saD D  = Volume surface mean diameters of product and feed, 

respectively 

 
P

m
 = power required per unit feed rate 

This law assumes constant crushing efficiency which, for a given machine and feed 

material, is independent of the sizes of feed and product, this law also assumes equal 

sphericities of feed and product and constant mechanical efficiency. 

 

2.3.2.2 KICK’S LAW 

It states that work required for crushing a given mass of material is constant for the 

same reduction ratio, i.e., the ratio of the initial particle size to the final particle size. This 

is written as: 

ln sa
k

sb

DP
K

m D
  

http://www.thegatecoach.institute/
http://www.thegatecoach.co.in/


MECHANICAL OPERATION The Gate Coach 

 

26 Visit us at, www.thegatecoach.institute, www.thegatecoach.co.in, | The Gate Coach | All Rights Reserved 

 

Where,  Kk = Kick’s law Constant 

This law is based on stress analysis of plastic deformation within the elastic limit. 

 

2.3.2.3 BOND’S LAW 

It states that the work required to form particles of size Dp from a very large feed is 

proportional to the square root of the surface – to – volume ratio of the product. This 

law is written as 

b

p

KP

m D
  

Where  Kb = bond’s constant and depends upon the type of machine and 

on the material to be crushed.  

 

 WORK INDEX (Wi) 

The work index, Wi, is defined as the gross energy requirement in kWh per ton of feed 

needed to reduce a very large feed to such a size that 80 % of the product passes a 100

m screen. This definition of Wi has been used to relate Kb and Wi, for Dp in mm, P in 

kW and m in tons per hour, the relation between Kb and Wi is given by 

3100 10 0 3162.b i iK W W    

If 80 % product of the feed passes a mesh size of Dpa mm and 80 % of the product 

passes a mesh size of Dpb mm, then the above equations can be reduced to 

1 1
0 3162

 
   
 
 

. i

pb pa

P
W

m D D
 

The power given by above equation is gross power because the work index includes the 

friction in the crusher. The work index, for dry crushing or wet grinding is available for 

many materials in the literature. For dry grinding, the power calculated from above 

equation is multiplied by 4/3. 
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Example 2.1 What is the power required to crush 100 ton/h of limestone if 80% of the 

feed pass a 2-in screen and 80% of the product a 1/8 in screen? The work index for 

limestone is 12.74. 

Solution: The Bond’s law is given as 

1 1
0 3162

 
   
 
 

. i

pb pa

P
W

m D D
 

=100 ton/h, Wi =12.74, Dpa =2 x 25.4=50.8 mm, Dpb =25.4 / 8=3.175 mm 
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