


SIZE REDUCTION



APPLICATIONS

ATo obtain workable size

ATo obtain powders

AObtain specific shape and size
Alncrease reactivity

APermit separation of unwanted ingredient

AMineral, Metallurgical Industries, Pharmaceutical Industry, Food
Industry, Nanotechnology,



MECHANISM OF SIZE REDUCTION

A COMPRESSION
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A (c) Compression crushiig a particlebed
A (d)impactat one solid surface
A (e) Impactbetweenparticles
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ENERGY & POWER REQUIREMENT IN SIZE REDUCTION

When stress is applied, material are distorted and strained.

A WorI?1 ngcessary to strain is stored as mechanical energy till the ultimate strength is
reache

A Breaks up into piecesincrease in surface area
A Energy 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 masssofid.Jkg

e T QE QIO € 1 aeddO Q1 Qw0 &
U Qw Quw 0L I RQ ¢ w

€ Q100 0@ W0 o 'QQE

W

'Q['c‘) a]
S S s

| |

W

POWER REQUREMENT: U ® @



POWER REQUIREMENT IN SIZE
REDUCTION
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RITTINGERS LAW [1867]

AThe work required for size reduction is proportional to the
new surface area created:
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AApplication of the law
A Where surface area created is significagritne grinding
A Particle size less than 0.05mm
A Energy 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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AKicks law is application

A based on stress analysis if plastic deformation within the elastic limit.
A More accurate tharRittingerslaw for course crushing.
A Applicable for feed size greater than 50mm
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The work required to form particles of siBpp from a very large particle size

IS proportional to the square root of the surface to volume ratig @ ) of
the product.

o i ¢
—~o" Y7 T o
6
o i
& JO

A Where . = Bonds constant

Energy required to reduce froDpfto Dpp
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WORK INDEX

AWork 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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AValues of WI for wet Grinding:

WorkIndexw , KWh/ton 7-9 9-14 14-20 >2



Work indexes for dry crushingt or wet grinding]

Material Specific gravity Work index, FF;
Bauxite 2.20 8.78
Cement clinker 315 13.45
Cement raw material 2.67 10,51
Clay 2.51 6.30
Coal 1.4 13.00
Coke 1.31 1513
Granite 266 15.13
Giravel 2,68 16,06
Gypsum rock 2.69 6.73
Iron ore (hematite) 3.53 12.84
Limestone 2,66 12.74
Phosphate rock 2.74 9,02
Quartz 265 13.57
Shale 2.63 1587
Slate 257 14.30
19.32

Trap rock 287

1 For dry grinding, multiply by 4.

} From Allis-Chalmers, Solids Processing Equipment Div., Appleton,

Wisconsin, by permission.



Assumption in the theories/empirical
eguations of size reduction

AEnergy W, required to produce a chardji@pin a particle of siz®pis
a power function of sizBp §
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ABonds law n=1.5



AParticles of average feed size 50 x-4)0 are crushed to an average
product size of 10 x 164) m at the rate of 2@onnesper 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 ifdrthesh of
this product is further crushed to 5 x 14 m size in the same mill?

Assume thatv A U (I Nayv B Gpplieable.

Alt is desired to crush 10 tohr 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 12.68nE17.96kW]



Size Reduction Equipment

A. Crushers (Coarse and Fine)~ U A primary crusheroperateson run of mine material

1. Jaw Crusher acceptinganythingthat comesfrom the mine faceand

2. Gyratory Crusher  breakinginto 150-250mm (6-10in).

3. Crushlng Rolls U A Secondaryrusherreducestheselumpsinto 6 mm
(/4 in).

B. Grinders (Intermediate and Flne)
1. Hammer Mills

2. Rolling Compression Mills (i Grindersreducecrushedeedto powders
a. Bowl Mills U The productfrom a intermediategrinder might passa
b. Roller Mills 40-meshscreen
3. Attrition Mills __ (I Most of the productfrom a fine grinderwould passa
4. Tumbling Mills 200 meshscreerwith 74 micronopening
a. Rod Mills

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




Size Reduction Equipment

—

C. Ultrafine Grinders
1. Hammer Mills with internal classificatic@ FeedSizeis lessthanbmm.
2. Fluid Energy Mills U Productsizeis 1-50 microns
3. Agitated Mills

D. Cutting I\/Iachi.ne_s - __ U Definite sizeandshape
1. Knife Cutters; dicers; millers. (1 Productsizewill be2-10 mm

In length




Breaking Pattern

AThere are different mechanismsby which size reduction may be
achieved

Almpact Particlebreaksby a singlerigid force
ACompressionParticledisintegratiorby two rigid forces
AShear Producedwhen the particle is compressedetween?
edgesf thehardsurfaces
AAttrition: Arising form particlesscrappingoetweer? surfaces
= A I
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Crushers: Blake Jaw Crusher

Eccentric
. Fvoly
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Crushers: Jaw Crusher




Crushers: Jaw Crusher

I The jaw open and close 250-400 times per

minute

MechanismCompression

Eccentricdrivesa pitmanwhich is connected
to two togglesamongwhich oneis connected

to frameanotherto movingjaw.

1 The greatestmotion is at the bottomof 0 V 6

which meanghereis little tendencyto choke
Feedsize1l.8m (6ft) in diameter
ProductSize 250mm (10in)

1 Capacity 1200ton/hr



Crushers : Types of Jaw Crusher

Single Togglei An eccentric shaft positioned at
the top of the crusher.
Double togglel Two shaftg first pivoted at the
top of the crusher where as other is an eccentric
shaft which drives the both the toggles.
U Eccentric 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

Single toggle jow crusher Double toggle jow crusher

productivity of the jaw.

U In contrast,the single toggle jaw crusherhas fewer shafts It hastwo motions simultaneously
swingingmotionthatdoubletogglehasandup anddownmotionfrom theeccentric
U Singletogglecrushemhasbettercapacitycomparedo adoubletogglecrusher



Crushers : Portable Jaw Crusher







Crushers : Gyratory Crusher

0
0

Mechanism Compression

A gyratory crushermay be looked up on as a jaw
crusherwith circular jaws, betweenwhich material
IS beingcrushecat somepointall thetime.

A conical crushing head gyratesinside a funnel
shapedtasingopenatthetop.

A crushingheadis pivotedatthetop.

An eccentriadrivesthe bottomendof the shaft

The bottomof the crushingheadmove towardsand
awayfrom thewall.

Solid caughtin the V-shapedspacebetweenthe
headandcasingare brokenandre-brokenuntil they
passoutthebottom

Fead

concave

Minimum
openng

Lischarge

Ty T T

Main shaft bearing

Spider orim

Crushing head

Maximum cpening

Ecceniric

Georing

Covnlershall



Crushers : Gyratory Crusher

U Speeddf gyratoryis 125425gyratoryperminute
U Becausesomepart of the working headis working all the
time the dischargefrom the gyratoryis continuousinstead
of intermittentasjaw crusher
U Less maintenance and power requirement is small
comparedvith jaw crusher
U And thecapacityis morethanjaw crushed500ton/hr
U Thecapacityvarieswith
1. Jawsetting
2. Theimpactstrengthof thefeed
3. Speeddf thegyratorymachine




Crushers : Gyratory Crusher




Crushers : Smooth Roll Crushers

Feed
U Heavy smooth faced metal rolls turning on
. . ﬂ‘_
parallel horizontal are working elements of Fiymheet gg}
smoothroll crusher ° Fol!
o

U Particlesof feed caughtbetweenthe rolls are So
brokenin compressiomnddropoutbelow -

Refierf
spring

U The rolls turn towards eachother at the same

speed DO
U Theyhaverelatively narrowfaces(300-917mm) i L

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

cano n thelargelumps Drscharge

U Rollsspeedb0-300rpm.

U Theseare consideras secondarycrusherswit
feedsl12-75 mmin sizeandthe productis 12-1
mm.

h U Theproductsizecanbeestimatedas
D, = 0.04R+d
WhereR = Radiusof theroll

d = half thewidth of thegapbetweertherolls.



Crushers : Smooth Roll Crushers

U Themaximumsizeof theproductis 2d.

U Theseoperatesnosteffectivelywhensetto give areduction
ratioof 3or4 or 1.

U Thatis the max diameterof the particleis 1/3' or 1/4™ of
thatfeed

U Theforcesexertedby theserolls arevery greatfrom 87007
70000N/cm.

U To allow unbreakablematerial to pass through without
damagingthe machine,at least one roll must be spring
mounted

OOQ




Crushers : Smooth Roll Crushers
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Crushers : Smooth Roll Crushers
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Crushers : Toothed Roll Crushers

I Roll facescarrycorrugationsbreakeibars,or teeth

1 Contains2 rolls as in smoothroll crusheror one roll
actingagainststationarycurvedbreakeiplate
Machineshownin afigureis singleroll toothedcrusher
Machinesknown asdisintegratorsontaintwo corrugated rywaees
rolls turning at two different speedswhich tearthe feed

apart

Toothed Rol!

Discharge

Pyramid Tooth



Crushers : Toothed Roll Crushers

AToothed roll crushersare much more versatile then smooth roll
crusherwithin thelimitation thatthey cannothandlevery hardsolids

AOperatedy compressionimpactandshear

AThe particle sizefeedto thesemachinesnay be given asgreatas 500
mm andthe capacityis 50aons/hr



Crushers : Toothed Roll Crushers




Breaking Pattern of the Crushers

Jaw Crusher
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

Gyratory Crusher

Smooth Roll Crusher

Tooth Roll Crusher

1.8 m

Same

12-75mm

500mm

250 mm

Same

12-1 mm

Same

1200

4500

350

500

High

High

Low

Low



Grinders

U The product from a crusheris often fed to grinder in which it is reducedto
powder

Grinders(IntermediateandFine)
1. HammerMills
2. Rolling CompressioMlills

a. Bowl Mills
b. RollerMills

3. Attrition Mills
4. TumblingMills
a. RodMills

b. Ball Mill ; PebbleMill
c. TubeMills; CompartmenMills



Grinders: Hammer Mill obeed ]

Introducing

:

U Containsnigh speedotor.

U Feeddropped into the top of casingts-arokenandfall
outthroughthe bottomopening

U Particlesarebrokenby setsof swing hammerminnedto
arotordisk

U Particle enter into the casing can not escapebeing
struckby the hammers

U It shatteranto pieceswhich fly againststationaryahvil
plateandbreakinto smallpieces

U Thesein turn rubbedinto powder by hamatersand ,‘
pushedthrough the grate or screerithat covers the |
dischargeopening

lmm

Swing claw hammer mill

[ Product J
Discharge




Grinders: Hammer Mill

U Severalrotary disks 150450 mm in diametercontainsand
eachhaving4 to 8 hammersmountedon the samesha
U The hammersmay be straight bars of metalswith plain or
enlargecendsor with endssharpenedo a cuttingedge
U Productsizewill be from 25 mm to 20 mesh(0.833 mmyin
particlesize
U Operatingspeeds 110m/s
U Typeof materialcrushed
V Toughfibroussolids
V Steel
V Softwet pastes
V Sticky clay
V Hardrock
U Capacityis depend®nthetypeof materialto becrushed
U 1 KWh of energyis consumedfor every 60-240 kg of




Grinders: Impactor

U An impactor illustratedin figure resembles reed
the duty of heavyhammemill exceptthatit
containsno grateor screen

U Rotorwill besameasin hammemill.

U Particles are broken by impact alone
withoutrubbingactionasin hammemills. g pteg l?/

U Considerasa primary crusherfor rock and bea’er Y
ore,processingip to 600ton/hr. _ T*

U Give equidimensional particles (mostly / J
cubical) than slab shapedparticles which ~ =——— )
aregivenby from jaw or gyratorycrusher Discharge




Grinders: Rolling-Compression Machines

U In this kind of mill the solid particlesarecaughtand
crushedbetweena rolling memberandface of the
ring or casing

U Themostcommontypesare

U Rolling ring pulverisers
U Bowl mills
U And theroller mills.

U Oneof theroller miller is showingin thefigure.

U Vertical cylindrical rollers pressoutwardwith great
forceagainsta stationaryanvil ring or bull ring.

U Plowslift the solid lumpsfrom the floor anddirect
thembetweerroll andring.




