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» Higher capacity per unit mill volume
» Makes possible the use of wet screening or
classification for close product control
» Elimination of the dust problem
» Makes possible use of simple handling and transport
methods such as pump, pipe , and launder
Sampling

Sampling definition :is the mean where by a smalbant of
material is taken from the main bulk in such a nearthat it
IS representative of the large amount.

This sampling must be accurate because great reigdan
rest on a very small sample.

Objective of sampling: is to estimate grades andeaus of
sampling unit in an unbiased manner

and with an acceptable and affordable degree cipoa.

1-Sampling ideally should be carried out beforerttaerial is
subjected to losses in the mill.

That means it must be carried out on run of mimeseatering
the primary crusher stage.

But the problem is that here in this stage accigabepling
cannot be done due two main factors one is diftesze of
particles, and inhomogeneity of material.

Sampling is the removal from a given lot of mateaigortion
that is representative of the whole yet of conveinsgze for
analysis.

It is done either by hand or by machine.

How sampling is done



Hand sampling is usually expensive, slow, and ineste, so
that it is generally applied only where the mataganot
suitable for machine sampling (slimy ore, for exéhpr
where machinery is eithe Many different samplingices are
available, including shovels, pipe samplers, artdraatic
machine samplers. For these sampling machine®tadar an
accurate representation of the whole lot, the dqiyaoit a
single sample, the total number of samples, angititeof
samples taken are of decisive importance. A nuraber
mathematical sampling models have been devisediar ¢o
arrive at the appropriate criteria for sampling.

Analysis

After one or more samples are taken from an amoiuoite
passing through a material stream such as a conbejtpthe
samples are reduced to quantities suitable fonduranalysis.
Analytical methods include chemical, mineralogieadd
particle size.

Typical sampling system

This above dig is size reduction, separation afetgen of
minerals form rocks,
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Figure 1.6 Cross-sections of ore particles
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Fig. 7.1. Mechanisms of breakage: (a) impact or compression, (b) chipping, {c) abrasion.




Feed is inserted between two jaws set to form a V open at top

One jaw is fixed and is vertical called anvil jaw and other is movable which
reciprocate in a horizontal plane called swiniging jaw this jaw makes an angle of
20 to 30 degree with the anvil jaw

Swining jaw is driven by an ecentric due to which it applies a greater
compressive force to feed to cut between the jaw.

Face of the jaws are slightely bulge d or flat they may carry horizontal
grooves
Large lumps cut between the upper part of the jaw s are broken ,drop into
the narrow space below , and are recrushed the next time the jaws closed

After sufficient reduction they drop out from the bottom . And the jaw open
and close nearly 250-400 times per minute

MIMNER AL PROCESSING TECHMNOLOGY
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Fic. 6.6 Cross-section of single-togale jaw crusher.

Fio. 6.5, Cross-section through double-toggle crusher.
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Faci. @& 12, Stanziard cone crushaoer
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Fiti. .11, Head and shell shapes of (a) gyratory, and (b) cone crushers,




2- the set is determined by shims which causepheg
loaded roll to be held back from the solidly mouhtell

3-the crushing process in roll crusher is one rodjlsi pressure
where as in jaw and gyratory it is a repeated press

4- some roll crushers are made up of one rotatigder
which revolved towards a fixed plate others usd, 8,
cylinders

5- diameter and speed of the roll varies from ceust
crusher

6- the rolls may be grear driven , but this linthie distance
adjustment between the rolls , but where as Mod#lmare
driven by v belt from separate motors

Multi roll machine may use rolls in pair or in sétthree .
Disadvantages of roll crusher:

In order for reasonable reduction ratios to beimethvery
large rolls are required in relation to the sizehef feed
particle they there fore have the highest capiat of all
crusher
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FiG. 7.2. Motion of charge in a tumbling mill.
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2-the rod grind the ore by tumbling in side thall.nfihe
length to dia ratio of rod is 1.4 to 1.6\

3-rod mill operates at lower speed than ball nsltlzey
rotate not cascade .

4-For an equivalent grind a rod mill uses lesslste ball
mill because of the lower speed and better cotuginteen
the ore and the rod.

5-rod mill requires more attention since it is impat that
the rod stay essentially parallel to one anotheydf
becomes misaligned, grinding action is lost andtangjes
occura

Max rod length is limited by 6.1 m .
Its carries 35-65 per rod by volume

Open circuit and close circuit operation

Open circuit : the mill is said to be working oneoycircuit
when the feed is broken into particles of satisfacsize by
passing it once through the mill , when no attermphade
to return over size particle to machine for furtretuction

Disadvantage of open circuit : this process mayireq
excess amount of power for much energy is wasted in
regrinding particle that are already fine enough

For example if a 50 mess product is required aorgiously
waste full to continue grinding 100- 200 mesh mater
Due to this reason close circuit is introduced akenthe
process economical






Screening Classification







Vibrating
1-trommels
2-Reciprocating
3-oscillating screen
4-gyratory

Industrial Screening
equipment's

Non
Vibrating
1-grizzels
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over flow ( particles with v < v )
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T v T Fluid velocity

Underflow ( panticles with v, > v )
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This is Newrtorn's law for turbulent resistance.

Stokes” law is valid for particles below about 50 pm in diameter. The
upper size limit is determined by the dimensionless Reynolds number
(Chapter 4). Newton's law holds for particles larger than about 0.5 cm in
diameter. There is, therefore, an intermediate range of particle size, which
corresponds to the range in which most wet classification is performed, in
which neither law fits experimental data.

Stokes’ law (9.4) for a particular fluid can be simplified 1o

v = k,d?(Ds — Djy) (9.7)
and Newton's law (9.6) can be simplified to
v = k, [d(Ds— Df)]* 2, (9.8)

where k, and k, are constants, and (Ds — D)) is known as the gffective
density of a rticle of density Ds in a fluid of density D













Minerals Recovered by Gravity Concentration

Coal
Uranium

Iron Ore
Minerals Sands
Chromite

Barite
Fluorite
Andalusite

Cassiterite
Wol framite
Scheelite
Tantalite

Gold
Silver
Platinum

Diamonds
Sulphides




oncentration criterion guide for gravity separation

~Concentration eriterion Suitability to gravity scparation

T CC>25
1.75<CC <28
1.5<CC<1.75
125<CC<15
CC <125

casy down to 75 pm

possible down to [50 pm
possihle down to 1.7 mm
possible down to 6.35 mm

impossible =t any size
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bed at rest pulsation hindered settling consolidated trickling







Here an ore of bed experience a horizontal shaking
motion which lead to the segregation of particles
according to either size of density.

If the particles are of same density then the gatt will
segregates according to size with the fine pagicle
sinking and the coarse particles rising to the Ao if
the particles with different density exist thentjzdes
with higher density will sink to a lower level théghter.

Shaking tables:

Here a differential motion(shaking where forward an
backward moment accours) and a riffled deck witssr
flowing water is used to create a particle sepamnati

The shaking motion is asymmetrical, being slow in
forward direction and being rapid in backward diie@t.
Due to differential motion a conveying motion is
imparted on the particle which are in contact wiié&
table deck in the direction of motion due to fiocti

Fig. 15.8. Segregation of particles due to horizontal shaking motion.

Wilfley table :

. It consist of slightly inclined flat surface or dewith a
series of parallel ridges and riffles along thediion of
motion .
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1- selective attachment of valuable minerals tdabble this
IS due to fact that on adding chemical reagentdctur)to the
pulp or slurry this reagent will adsorbed on thdaste of the
mineral forming a continuous heteropolar film ie tlange of
molecular level .

The heteropolarity of the film is such that , tlmmpolar part
of the film is oriented away from the mineral badyo the
mineral particle as a whole behaves Ikike a noamadrticle ,
becomes non wettable and attached itself prefaignvith a
air bubble.

In froth flotation the mineral is usually transfedrto the froth
or float fraction leaving the gangue in the pulp.

Direct flotation and indirect flotation is therastjust vies
versa of previous.

Reagents

1- collectors
2- frothers
3- modifiers

Collectors :main function of collector is it makes the selédcte
minerals hydrophobic by forming a continuous filin o
heteropolar at molecular level.

Due to this these minerals get adhere to air prafely and
start floating .

Collectors classification :

1- cationic- if the part which impart water repals to the
mineral surface carries a negative charge
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» Some times flocculation or agglomeration of theipkes
take place during M.S called (magnetic flocs) € th

« 1- Particles are very fine and highly susceptible
« 2- Fieldis intense

* Due to formation of these magnetic flocs they entra
gangue and can bridge the gaps between magnedis. pol
Reducing the efficiency of separation.

» Flocculation is especially serious with dry separat
machine operating on fine materials. This can be
minimised if the ore is feedthrough the field in a
monolayer , this effect is much less serious ,dfiut
course , the capacity of the machine is drastically
reduced .

» 2nd method to reduce is by passing the materialigir
the consecutive magnetic field, which are usually
arranged with successive reversal of the polaritys
cause the particles to turn through 180 degreeh ea
reversal tending to free the entrained ganguecpart

* This process has a great disadvantage that isefilkage
occurs from pole to pole reducing the effectivddfie
intensity.

Provision for Collection of magnetic and non magnet
fraction must be incorporated into the design Ibeiter
working the magnetic are allowed to come in conéti a
conveying device rather that the pole of the magsleich
carry them out of the magnetic field

Type of magnetic separator



High
intensity

Low

intensity




Totally enclosed
ouler covens gearad motor
an drum shell unit and chain drive

Drum scraper M
and spray pipe
~— -
Concentrate [ |
ai rge Magret unit
Owvarfiow —
woair i
| p-—
Stainiess steel /J_,I
removable tank — |

. e
| - v Calibrated orifice plates
I in tailings outiet

overtiow ] § Tailings
discharge discharge







Counter-current separator







The roll on which the ore is fed, is composed of
phospated steel

Laminates compressed together on a non magnetic
stainless steel shaft, by using tow types of lationa
slightly differing in outer dia , the roll is givemserrated
profile which promotes the high field intensity and
gradient required.

Here strength of the field is nearly 2.2 T in betwéhe
feed pole and roll .

Here non magnetic particles are thrown off the irtth
the tailing compartment

Magnetic particles are gripped , carried out tHki@nce
of the field deposited in magnetic compartment esgh
as non magnetic particles are thrown off the rab ithe
tailing compartment .

The gap between the feed pole and the rotor istadie
and usually decreased from pole to pole to take off
successively more weekly magnetic products .

This system is replaced by new rare earth rolldmah
separator .

Draw back of dry high intensity separation :

* Dry high intensity separation is largely limitedde

containing little , if any material finer than alatb
micrometer .

* The effectiveness of the separation on such finte madh

Is severely reduced by the effect of air currgdrticle-
particle adhesion and particle —rotor adhesion















readily and may be separated from the other misd&nabn
electrode which carrying a positive charge.

pure electrostatic separation is inefficient eifeme have
clean minerals

E.S.S is very sensitive to humid and temperature.
High tension separation and concept of pinningceffe

In pinning effect non conducting minerals partidesing
received a surface charge from the electrode inextahis
charge and are pinned to the opposite chargedatepay
positive —negative attraction.

Operation of H.T.S

1- mixture of ore minerals of varying susceptililio
surface charge is fed on a rotating conducting dimitd
steel, other conducting materials)

2-this rotating drum is earthed through supportibgs .

3-electrodes assembly consists of (brass tube ¢haviime

wire at the front, span the complete length ofrtileand is
supplied with fully rectified Dc supply up to 50\Kusually
of negative polarity.

4- the voltage supplied should be so high thatousd
ijonise the air . (cab seen as corona dischargkinayrc
between the electrode and the roll must be avagdtlis
destroyed the ionisation.

5-when ionisation occurs the mineral received ayspr
discharge of electricity which gives the poor coctdus a
high surface charge , causing them to be attraotadd
pinned to the rotor surface.



Tabbile 13.1 Typpical baebhawviour of mMinerals
im high-tension separators

A i rerds prirerrecd AdEreerexnd s Phrrorverrr
Leor oo _Frerr e ifor
A praatite Canssi besrites
Boarie CThrorrei e
Calcite LCriaaraoraacd
Comandcdduarre Fluorspear
CFartren Galaecmna

CF W S LETTE Sl

oy amine Hematite
DMl i te Thmreemine
Courart I igmaemite

Mamg netite

Table 13.2 Typical beach sand minerals

Magnetics Non-magnetics
Magnetite — T Rutile - T
llmenite = T Lircon = P

Gamet — P Quarz — P
Monazile - P

T = thrown from high-tension separator surface.
P = pinned to high-tension separator surface.




2-position of the electrode wire with respect te th
electrode tube.

3-position of the electrode wire with respect te tall.
4-variation of dc voltage and polarity

5-the splitter plate position

6-the feed rate

7- heating of the feed

Heating is essential because best result obtaitadivy
material. Process become difficult in high humiadition

Single pass of the feed through the roller will eotich the
ore we have to go for multiple pass.

This is carried out by deflecting the falling paldis to
lower sets of roller and electrode until required@ment
IS obtained.

Feed size in hts is 60-500 micrometer in dia

Influence of particles size: surface charge onasmgrain
are lower in relation to its mass than on a finairg. Thus
a coarser grain is more readily thrown from thé sofface
and the conducting fraction often contains a small
proportion of coarser non conducting and simil&nky finer
particles are most influenced by the surface changkthe
non conducting fraction often contains some fines
conducting particles.

Final separation of the product is carried out byepy
electrostatic separation which employs the liftaffict.

High tension separator principle
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Figure 13.26 Typical beach sand treatment
flowsheeat

Figure 13.28 Flowsheaeat of Scully concentrator
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i RN elg-Jlelg-hulela
of feed

2-production of
balls and sizing

3-green ball indurations which
consists of [a-preheating — firing-
cooling of hardened pellets.]also
called hardening

4-cooling of hardened
pellets







Figure 1: Distribution of liquid in the agglomerates; a-pendular state;
b-funicular state; c-capillary state (Schubert, 1977).

Example showing the strength of green ball withcal
amount of water:

When we go to sea beach for dry sand to wet sdanchw
IS just attached with the sea . We find a region in
between these two which contains less water . e if
determine the strength the strength is maxiumter t
sand from middle region.

Mechanism of ball formation

Mechanism behind this ball formation is the nudtaat
and growth mechanism .

1-So first stage is nucleation of ball
2-Then growth of this ball

But the entire process depend upon the criticallarnof
moisture (water) present in the feed.

Suppose the amount of water is les then criticaluarh
then there is non unifom water distribution in fystem
, the major amount or water will be present in gfate



material leaving non granulated material dry. Anithé
amount is more then critical amount then growth lag!
more where as strength will be reduced due to aseén
plastic behavior.

Nucleation formation region:-

A bond is formed immediately between particles mvhe
one wet particle comes in contact with anotherairy
wet particle .in this way other particles are aftached
with it and a highly porous loosely held aggregate
formed. And due to rearrangement and partial packin
short duration to from a small spherical stablel@uc

Transition period : after nuclei are formed thegga
through a transition period . In this period reagament
of particles occurs which lead to removal of paed
voids. System goes from pendular —funnicular- to
capillary.

this wet granulates grows if they are favorablemed.

In this process some granules may even break becdus
Impacts, abrasion etc. growth occurs by two altieraa
methods.

A- growth by assimilation: is possible when balling
proceeds with out the addition of fresh feed
material.[during rolling some small particles breakie
to rolling action and these particles attached Wwitger
one and bigger will grow more big. Here thee is no
addition of fresh materials.

B- growth by layering : growth occurs by addition o
fresh materials. [here the ball pick up new materia



while rolling the amount of materials picked upthg
balls is directly proportional to its exposed sada

Equipment or industrial practice
Two type of pelletiser are there :
1- disc
2-drum

Disc pelletiser: it consist of a disc with outwastdping
perpheral wall .resemble like flying saucers. Which
rotates around its own center , in an inclined tpwsito
horizontal .

Dia of disc -3.6-5.6 m .
Inclination is 45 degree to the horizontal.

The material to be pelletized is generally fed cige
onto the disc and moisture level is made up wighhtélp
of moist material on the disc. It can also contine!
material flow pattern on the disc. In the reasomemgh
water is added seeds are easily formed . With it
of these seeds their fractional drag against the di
decreases and the centerifugal force acquireddoy th
increases and consequently they move out of nuafeat
zone. They also tends to rise on the inclined sertd
the pelletiser in the direction of rotation and tkdwn
against the toe section of the disc. The heighttaed
width of trajectory of the ball movement increassih
the size of the ball until eventually the balls deflector
downwards by the scraper. During this movements the
ball encounter fresh feed and growth takes place oy






Disc pelletiser Drum pelletiser

1-acts as classifer 1-Not acts as classifer
2-Growth accous mainly by layering 2-Growth occurs mainly by assimilation

3-more flexible to operate 3- less flexible

4- close sized products 4- wide range of products side

5-screeningis rarely adopted and hwen if  5-screeningis required must
Very narrow size range products is
required

6-specific production rate is more here 6- specific production rate is less




It is done to determine the impact strength ofrtive
materials as raw materials are charge from a hghhe
into the blast furnace and during handling alsatuiers

In this test a standard amount of material is tad@hit
IS dropped for a certain no of drops from a stathdar
height on a standard floor. And then the amount of
material retained on or passed through the cestawe
expressed as percentage of the original weight is
indicated as the shatter index.

Shatter test in u.k:

Developed in U.K and test in U.k : 20 kg sampl&alksen
with size +10mm dropped 4 times from height of 2 m
the material is then screened and shatter index is
expressed as the percentage materials greatet Gnam
surviving.

Tumbling test and abrasion test

This test is used to determine the strength anasadr
resistance of sample.

Also called micum test .

Here a standard weight of material is tumbled in a
standar size drum for fixed number of revolutionakh
Is carried out at a standard speed . The percentage
material passing through or retained on a cereivess
the index.

According to these test pellets are high qualitydpicts
then sinter and natural ore.

In case of micum test :sample weight : 50kg



Drum dia x length 1x1 m
Speed(rpm)=25

No of revolution = 100
Compression test

Compression test: we cannot measure the compression
strength of the raw material as there are notguoles
size. But pallets we can measure as it is regnlaize.

Standard weight of material is taken (2kg) witmsiard
size 10-15 mm size is dried and placed in a cyhmde
200mm dia and a load of 100 t is applied on itpison
. the + 5mm materials surviving the test is the
compression strength index.

Porosity:

Porosity : expressed as the volume of pores as a
percentage of total volume of the material tesieb
types of porosity are there open and closed . ppess
are those pore which is accessible to fluids.

Reducibllity test:

This test determines the rate of reduction of raw
materials under blast furnace condition. Sinceddam
inside the b.f is different in different region inaop to
bottom. So a special apparatus is designed to oatry
this test. Here we use a special apparatus witpeanur
of 900- 1000 degree centigrade and reducing gasf
or co+N2 of constant composition for study. Hére t
sample of know weight of certain fixed size angleced
in the furnace in the form of static bed of fixed
dimension .












Caking and coking coal: when powdered coal is
carbonized, it forms an expanded lumpy mass. Such
coals are called caking coal and the phenomenadcall
caking of coal.

However in cases where the residue is very hard and
strong it is called coke and the process calleangoif
coal.

All coking coal are caking in nature but not all caking
coals are coking in nature.

Caking corresponds to a slower heating rate arkidngo
to a faster rate of heating.

Bituminous coal is used essentially as coking coals

Non caking/coking are those bituminous coals which
have high percentage of moisture and oxygen anmbtlo
form gel on heating

Basis for reporting the analysis of coal

Run of mine coal: The crude coal as obtained frioen t
mine is called as run of mine coal. There is nattrent
of coal like size reduction, moisture eliminatidn.e

As received coal: from mines to costumer end
transportation involves size reduction, washing,
weathering etc. thus coal received at the cust@mens
reported as received coal for the analysis.

Air dried: during transportation and storage thesg/ be
change in the moisture content depending upon the
atmospheric temperature and humidity.



Dry coal: when study has to be done without theatfof
moisture, then coal analysis is reported as DRYsbas

Dry-ash free(d.a.f.) : By eliminating both ash and
moisture content , data reported is Dry-ash fréés 16
suitable for coal with low ash content (<10%)

Dry-mineral matter free( d.m.m.f.) analysis is editor
high ash content (>10%)

Proximate analysis: finding out the weight percgataof
moisture, volatile matter, fixed carbon and asbaal. It

gives an approximate composition of the coal tadkec

its utility for a purpose.

Ultimate analysis: finding out the percentage aboa,

hydrogen, oxygen, nitrogen and sulfur of the pua c
free from moisture and inorganic constituents. Usgd
the designer of coal burning equipments.

Combustion is an exothermic chemical reaction fofeh
with oxygen or air at high temperature to liberadat.

Calorific value is the quantity of heat in kcaldiated by
the combustion of unit quantity of fuel.

For solid and liquid fuel it is expressed in kcglé&knd for
gas it is kcal/NmMN means normal temperature and
pressure (0°C and 760 mmHgQ)

Gross and net calorific value: gross calorific ealu
includes the latent heat during condensation oéwat
vapor formed during combustion and thus is highant
net calorific value.






























Red hot fuel +
air

(2C+02+3.73
N2)







