


SIZE REDUCTION



APPLICATIONS

ÅTo obtain workable size

ÅTo obtain powders

ÅObtain specific shape and size

ÅIncrease reactivity

ÅPermit separation of unwanted ingredient

ÅMineral, Metallurgical Industries, Pharmaceutical Industry, Food 
Industry,  Nanotechnology, 



MECHANISM OF SIZE REDUCTION

ÅCOMPRESSION

ÅIMPACT

ÅATTRITION

ÅSHEAR

ÅNon-mechanical introduction of energy (Thermal 
shock, explosive shattering, electrohydraulic)

Å (a) Between two solid  - crushing or attrition;

Å (b)shearing; 

Å (c) Compression crushing in a particle bed

Å (d)Impact at one solid surface 

Å (e) Impact  between particles

Å (f) Shear action of the surrounding medium 



ENERGY & POWER REQUIREMENT IN SIZE REDUCTION
When stress is applied, material are distorted and strained.

ÅWork necessary to strain is stored as mechanical energy till the ultimate strength is 
reached

ÅBreaks up into pieces ςincrease in surface area

ÅEnergy goes to increase in surface area, and excess energy is liberated as heat
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es= Surface energy per unit area, J/m2

Aw = specific surface area, Suffix p = product, f= feed., m2/kg

Ws= energy absorbed by unit mass of solid.J/kg
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POWER REQUREMENT: ὖ ὡά



POWER REQUIREMENT IN SIZE 
REDUCTION
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RITTINGERS LAW [1867]
ÅThe work required for size reduction is proportional to the 

new surface area created:
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ÅWhere KR is called the wƛǘǘƛƴƎŜǊΩǎConstant.
ÅApplication of the law
ÅWhere surface area created is significant ςfine grinding
ÅParticle size less than 0.05mm
ÅEnergy in put  is not very high



Kicks Law (1885)
The work required for crushing a given mass of material is 
constant for a given reduction ratio irrespective of the initial size. 

Reduction ratio is the ratio of the initial particle size to final 
particle size.
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ÅYY ƛǎ ŎŀƭƭŜŘ ǘƘŜ YƛŎƪΩǎ /ƻƴǎǘŀƴǘ

ÅKicks law is application
Åbased on stress analysis if plastic deformation within the elastic limit.
ÅMore accurate than Rittingerslaw for course crushing.
ÅApplicable for feed size greater than 50mm



.ƻƴŘΩǎ  [ŀǿ όмфрнύ
The work required to form particles of size Dpp from a very large particle size 
is proportional to the square root of the surface to volume ratio (ϳί ὺ) of 
the product.
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ÅWhere , ὑ = Bonds constant

Energy  required to reduce from Dpfto Dpp
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ÅIf feed is very large, ὡ ὑ



WORK INDEX
ÅWork Index, Wi, is the gross energy requirement in kilowatt 

hour per ton of feed (kWh/ton of feed) to reduce a very large 
particle to such a size that 80% of the product will pass through 
a 10micrometer, or 0.1 mm screen.
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ÅValues  of WI for wet  Grinding:

Property Soft Medium Hard Very  hard

WorkIndex,ὡ , KWh/ton 7-9 9-14 14-20 >20





Assumption in the theories/empirical 
equations of size reduction

ÅEnergy W, required to produce a change dDpin a particle of size Dpis 
a power function of size Dp
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ÅFor wƛǘǘƛƴƎŜǊΩǎlaw n=2

ÅYƛŎƪΩǎ [ŀǿ ƴҐм

ÅBonds law n=1.5



ÅParticles of average feed size 50 x  10(-4) m are crushed to an average 
product size of 10 x 10 (-4) m at the rate of 20 tonnesper hour. At this rate, 
the crusher consumes 40 kW of power of which 5 kW are required for 
running the mill empty. Calculate the power consumption if 12 tonnes/h of 
this product is further crushed to 5 x 10 (-4) m size in the same mill? 
Assume that wƛǘǘƛƴƎŜǊΩǎlaw is applicable.

ÅIt is desired to crush 10 ton/hr of iron ore hematite.  The size of the feed is 
such that 80% passes a 72.6 mm screen, and 80% of product a 3.175mm 
screen. Calculate the gross power requirement for wet grinding and dry 
grinding. Work index of Hematite is 12.68  [Ans17.96kW] 



Size Reduction Equipment

A. Crushers (Coarse and Fine)
1. Jaw Crusher
2. Gyratory Crusher
3. Crushing Rolls

B. Grinders (Intermediate and Fine)
1. Hammer Mills
2. Rolling Compression Mills

a. Bowl Mills
b. Roller Mills

3. Attrition Mills
4. Tumbling Mills

a. Rod Mills
b. Ball Mill; Pebble Mill
c. Tube Mills; Compartment Mills

ü A primary crusheroperateson run of mine material

acceptinganythingthatcomesfrom themine faceand

breakinginto 150-250mm (6-10 in).

ü A Secondarycrusherreducestheselumps into 6 mm

(1/4 in).

ü Grindersreducecrushedfeedto powders

ü The productfrom a intermediategrindermight passa

40-meshscreen

ü Most of the productfrom a fine grinderwould passa

200meshscreenwith 74micronopening.



Size Reduction Equipment

C. Ultrafine Grinders

1. Hammer Mills with internal classification

2. Fluid Energy Mills

3. Agitated Mills

D. Cutting Machines

1. Knife Cutters; dicers; millers.

üFeedSizeis lessthan6mm.

üProductsizeis 1-50microns

üDefinitesizeandshape

üProductsizewill be2-10 mm

in length.



Breaking Pattern

ÅThere are different mechanismsby which size reduction may be
achieved.

ÅImpact: Particlebreaksby a singlerigid force

ÅCompression: Particledisintegrationby two rigid forces

ÅShear: Producedwhen the particle is compressedbetween2
edgesof thehardsurfaces

ÅAttrition: Arising form particlesscrappingbetween2 surfaces.



Crushers: Blake Jaw Crusher

Ψ±Ω hǇŜƴƛƴƎ ŀǘ ǘƘŜ ǘƻǇ

Reciprocating in a horizontal Plane

Angle 20-30°



ÅEccentric Motion

Crushers: Jaw Crusher



Crushers: Jaw Crusher

ü The jaw open and close 250-400 times per

minute.

ü Mechanism: Compression

ü Eccentricdrivesa pitmanwhich is connected

to two togglesamongwhich oneis connected

to frameanotherto movingjaw.

ü The greatestmotion is at the bottom of óVô

whichmeansthereis little tendencyto choke.

ü Feedsize1.8m (6ft) in diameter.

ü ProductSize: 250mm (10in)

ü Capacity: 1200ton/hr



Crushers : Types of Jaw Crusher

Single Toggle ïAn eccentric shaft positioned at 

the top of the crusher.

Double toggle ïTwo shafts ïfirst pivoted at the 

top of the crusher where as other is an eccentric 

shaft which drives the both the toggles.

üEccentric positioned behind the swinging jaw. 

It has two effects.

1. It keeps the eccentric out of harm.

2. The other effect is limited motion for 

swinging jaw, which reduces the 

productivity of the jaw.

ü In contrast,the single toggle jaw crusherhas fewer shafts. It has two motions simultaneously:

swingingmotionthatdoubletogglehasandupanddownmotionfrom theeccentric.

üSingletogglecrusherhasbettercapacitycomparedto adoubletogglecrusher.



Crushers : Portable Jaw Crusher





Crushers : Gyratory Crusher

ü Mechanism: Compression

üA gyratory crushermay be looked up on as a jaw

crusherwith circular jaws, betweenwhich material

is beingcrushedatsomepointall thetime.

üA conical crushing head gyrates inside a funnel

shapedcasingopenat thetop.

üA crushingheadis pivotedat thetop.

üAn eccentricdrivesthebottomendof theshaft.

üThe bottomof the crushingheadmovetowardsand

awayfrom thewall.

üSolid caught in the V-shapedspacebetweenthe

headandcasingarebrokenandre-brokenuntil they

passout thebottom.



Crushers : Gyratory Crusher

üSpeedof gyratoryis 125-425gyratoryperminute.

üBecausesomepart of the working headis working all the

time the dischargefrom the gyratory is continuousinstead

of intermittentasjaw crusher.

üLess maintenance and power requirement is small

comparedwith jaw crusher.

üAnd thecapacityis morethanjaw crusher4500ton/hr.

üThecapacityvarieswith

1. Jawsetting

2. Theimpactstrengthof thefeed.

3. Speedof thegyratorymachine.



Crushers : Gyratory Crusher



Crushers : Smooth Roll Crushers

üHeavy smooth faced metal rolls turning on

parallel horizontal are working elements of

smoothroll crusher.

üParticlesof feed caughtbetweenthe rolls are

brokenin compressionanddropoutbelow.

üThe rolls turn towardseachother at the same

speed.

üTheyhaverelativelynarrowfaces(300-917mm)

and large diameter(600-1200mm) so that they

canónipôthelargelumps.

üRollsspeed50-300rpm.

üTheseare consideras secondarycrusherswith

feeds12-75 mm in sizeandthe productis 12-1

mm.

üTheproductsizecanbeestimatedas

Dp = 0.04R+d 

WhereR = Radiusof theroll

d = half thewidth of thegapbetweentherolls.



Crushers : Smooth Roll Crushers

üThemaximumsizeof theproductis 2d.

üTheseoperatesmosteffectivelywhensetto give a reduction

ratioof 3 or 4 or 1.

üThat is the max diameterof the particle is 1/3rd or 1/4th of

thatfeed.

üTheforcesexertedby theserolls arevery greatfrom 8700ï

70000N/cm.

üTo allow unbreakablematerial to pass through without

damagingthe machine,at least one roll must be spring

mounted.



Crushers : Smooth Roll Crushers





Crushers : Smooth Roll Crushers
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Crushers : Toothed Roll Crushers

üRoll facescarrycorrugations,breakerbars,or teeth.

üContains2 rolls as in smooth roll crusheror one roll

actingagainststationarycurvedbreakerplate.

üMachineshownin a figure is singleroll toothedcrusher.

üMachinesknownasdisintegratorscontaintwo corrugated

rolls turning at two different speedswhich tear the feed

apart.

Pyramid Tooth

Single Tooth Crusher

Double Tooth Crusher



ÅToothed roll crushersare much more versatile then smooth roll
crusher,within thelimitation thattheycannothandlevery hardsolids.

ÅOperatedby compression,impactandshear.

ÅTheparticlesizefeedto thesemachinesmaybegivenasgreatas500
mm andthecapacityis 500tons/hr.

Crushers : Toothed Roll Crushers



Crushers : Toothed Roll Crushers



Breaking Pattern of the Crushers

Crusher Compression Impact Attrition Shear

Jaw Crusher Y

Gyratory Crusher Y

Smooth Roll Crusher Y

Tooth Roll Crusher Y Y Y



Comparison 

Crusher FeedSize Product Size Capacity 

(ton/hr )

Power

Requirement

Jaw Crusher 1.8 m 250 mm 1200 High

Gyratory Crusher Same Same 4500 High

Smooth Roll Crusher 12-75mm 12-1 mm 350 Low

Tooth Roll Crusher 500mm Same 500 Low



Grinders

üThe product from a crusheris often fed to grinder in which it is reducedto
powder.

Grinders(IntermediateandFine)
1. HammerMills

2. Rolling CompressionMills
a. Bowl Mills

b. RollerMills

3. Attrition Mills

4. TumblingMills
a. RodMills

b. Ball Mill ; PebbleMill

c. TubeMills ; CompartmentMills



Grinders: Hammer Mill

üContainshigh speedrotor.

üFeeddropped into the top of casingis brokenandfall

out throughthebottomopening.

üParticlesarebrokenby setsof swinghammerpinnedto

a rotor disk.

üParticle enter into the casing can not escapebeing

struckby thehammers.

üIt shattersinto pieces,which fly againststationaryanvil

plateandbreakinto smallpieces.

üThese in turn rubbed into powder by hammersand

pushed through the grate or screen that covers the

dischargeopening.

Feed 

Introducing

Product 

Discharge



Grinders: Hammer Mill

üSeveralrotary disks 150-450 mm in diametercontainsand

eachhaving4 to 8 hammersmountedon thesameshaft.

üThe hammersmay be straight bars of metalswith plain or

enlargedendsor with endssharpenedto acuttingedge.

üProductsizewill be from 25 mm to 20 mesh(0.833 mm) in

particlesize.

üOperatingspeedis 110m/s.

üTypeof materialcrushed

VToughfibroussolids

VSteel

VSoft wetpastes

VSticky clay

VHardrock

ü Capacityis dependson thetypeof materialto becrushed.

ü 1 KWh of energy is consumedfor every 60-240 kg of

material.



Grinders: Impactor

üAn impactor illustratedin figure resembles

theduty of heavyhammermill exceptthatit

containsnograteor screen.

üRotorwill besameasin hammermill .

üParticles are broken by impact alone

without rubbingactionasin hammermills.

üConsiderasa primary crusherfor rock and

ore,processingup to 600ton/hr.

üGive equidimensional particles (mostly

cubical) than slab shapedparticles which

aregivenby from jaw or gyratorycrusher



Grinders: Rolling-Compression Machines

üIn this kind of mill thesolid particlesarecaughtand

crushedbetweena rolling memberandfaceof the

ring or casing.

üThemostcommontypesare

üRolling ring pulverisers

üBowl mills

üAnd theroller mills.

üOneof theroller miller is showingin thefigure.

üVertical cylindrical rollers pressoutwardwith great

forceagainstastationaryanvil ring or bull ring.

üPlowslift the solid lumpsfrom the floor anddirect

thembetweenroll andring.


