CHAPTER 1

MINERAL DRESSING

1.1. Introduction:

A metal extraction plant's working is convenientiypresented by means
of a flow sheet. Flow sheet is a combination ofcesses which are followed in
the given plant to extract the metal(s) most ecdoalfy. While analysing the
flow sheet we come across certainit processes and operation§he unit
processesare usually characterized by certain chemical ti@as such as
roasting, leaching etc whilenit operationsare usually physical processes
carried out discreetly on the ore. These physicalcgsses are usually
represented by crushing, grinding and similar spoficesses. Unfortunately
there is no rigid line of distinction between therfowever, from metallurgical
engineering point of view any physical operationrieal out on the ore to
enhance its quality and make it more suitable fdisequent operations will be
termed a®re Dressing or Mineral Beneficiation.

So mineral dressing or ore dressing is commonlganadgd as processing
of raw ores to yield marketable products by suchspal means those do not
destroy the physical and chemical identity of the o
1.2. Economic Justification of Mineral Dressing:

1. To purify and upgrade the ore:

It is apparent that many ores & minerals do nefusome prior
preparation to enhance their chemical purity angsjgal properties before their
use in smelters.

2. Making smelting practice easier:

Hydrometallurgical extraction of metals is very wgJocomplex and
expensive in most of the cases compared to pyrdiongfigal process of
extraction. In the initial stages the ores can lpgraded by employing
inexpensive and simple dressing methods to maken ttsuitable for
pyrometallurgical extraction. Such an activity reds the complexity of the
smelting practice resulting in economic justificai
3. Savingson Freight:

During ore dressing the ores get beneficiated amdjge materials get
separated. As the waste products are not to bspiated from the mines areas,
huge money is saved on freight by transporting aged ores.

4. Reduced losses of metal at the smelter:

As the gangue portion of the ore is separated bgnsief simple
beneficiation methods the slag volume during thel8ng process decreases.
This ultimately results in a lesser loss of matéb ithe slag.



5. Reduction of the total smelting cost:

As there is a partial separation of gauge fromates lesser amount of
upgraded ore is to be smelted for a particular wtutapacity. This reduces the
fuel and energy consumption per ton of metal srdelte
6. Enhancing the efficiency of unit processes:

Sometimes the ore is separated into one or motgbl products and
a tailing. This leads to separation of certain mafgewhich interfere seriously
with smelting or leaching. Hence complex ores regjyrior separation or
processing treatment for economical smelting.

1.3. Scope of Ore Beneficiation:

Previously selective mining practices were followeslt after the
development of inexpensive ore beneficiation meshdxilk mining practices
have proved to be more economical compared to uasefective mining. In a
general way the scope of mineral dressing or onefii@ation is twofold:

1. It helps in eliminating unwanted chemical spgeéiem the bulk of the ore.

2. It helps in eliminating particles improper siaed physical structure which
may adversely affect the working of smelters, re@stetc. This implies
production of ore particles of specific size ramgth proper physical properties
is of great importance.

Of the above scopes, first one is more importadtiamonsidered to be
the extent or working sphere of ore dressing. Téeoisd one is also equally
important for proper smelting operation.

Size parameter of ore particles controls the flustdoss, reaction
kinetics & extent of metal loss as the unreducesl forally passes off into the
slag. Theobjectivesof mineral dressing are as follows:

1. To eliminate unwanted chemical species:

To prepare the ore particle from chemical standntpoprimarily

involving the following steps:

a. Liberation of dissimilar particles from eachetlppearing in the bulk ore.
b. Separation of chemically dissimilar particles.



2. To prepare ore from physical standpoint.
This involves:
a. Reduction in size.

b. Separation of particles of dissimilar physicafume.

So the first step in ore beneficiation is sizeuatbn causing libration.
This is followed by separation of liberated padilas the second step in the
process. These two steps are made to alternatectomplish the desired end
product most economically.

1.4. Historical Development:

Like other sciences, the art of ore beneficiatian started form historic
time and has got modified, refined with the progreéscientific knowledge. It
was Agricola who started recording the metallurigiaats relating to ores in the
form of a book. He is considered to be the fatfenimeral beneficiation or ore
dressing. The dressing methods started developinthe following manner
chronologically:

1. Hand Sorting:

Undoubtedly the oldest method of are beneficiatibms is a method
of choosing valuable ore lumps from worthless lurbasing on the appearance,
fracture cleavage and gross weight. This is stiluse where cheap labour is
available.

2. Washing:

Washing in all probability is the next process tleablved. Water
exerts a cleaning action and removes slimes. dtilisin use with modification
for washing and cleaning of coal and iron ores.

3. Crushing:

It was discovered that valuablartiples generally occur in
association with worthless particles in large lunopste early. So to separate
them it needs breaking of the large lumps. Thushing is considered to the
next step in the history of mineral dressing. Iisvearried out by using sledge
hammers or brute force of the human operators.



4. Tabling and Gravity Concentration:

The ideas of washing stretched further with thetipaar use of
specific gravity of the ore particles for concetitrg them in terms of their
specific gravity.

5. Jigging:

It was developed by the Herz in tBermany. Along with jigs,
Vanners and shaking tables were also developedtaimeously.
6. Grinding:

Modern grinding machines were developed miete along with
stationary screens to produce fine ores requiredyfavity concentration and
froth flotation.

7. Classification:

Of late to separate fine size particles classiftmme into picture.
8. Development in Recent Years:

In recent year magnetic separators, electrostaarators, flotation
and agglomeration techniques have been developgut@ade the ores.
1.5. GENERAL OPERATIONS INVOLVED IN ORE DRESSING:
1. Comminution:

Comminution or size reduction can be accomplishgdbdwet.

2. Sizing:

This is the separation of product materiafoi various fractions
depending on their size parameter.
3. Concentrating:

Concentration of valuable portion of the @ebtained by the various
means which generally involve physical charactiedsof the ore particles.
Sizing, jigging, tabling, classification, magnetic electrostatic separation are
few such examples. We may exploit an entirely déifé set of physio-chemical
properties for concentrating the ore as it happiemsg froth flotation.

4. De -Watering:

Where aqueous medium is involved, water is to beokeed before smelting
can take place. This involves:
a) Removal of most of the water by the use of tiekener.
b) Then use of filter presses to prepare a dame chthe concentrated ore.

¢) Then drying the cake in a furnace.



1.6. General Flow Sheet Of a Mineral Beneficiatioflant:

Flow sheet is a typical representation of generatgsses used in a
given plant to obtain the end product most convahie For the same end
product using similar ores the operating conditiotes/ vary from place to place
however the general flow diagram remains the safnegeneralized flow
diagram for concentrating magnetite ore is illustain the figurel.1. shown

below.

kkkkkkkkkk



CHAPTER 2
SIZE REDUCTION METHODS

2.1. Introduction:

The crude ore from the mines contain a number lid gdhases in the
form of an aggregate. The valuable portion of theis known asnineral while
the worthless portion is known gangue.During ore dressing, the crude ore is
reduced in size to a point where each mineral gratomes essentially free so
as to make separation between them. Such a pheonorémaking the mineral
grains free from gangue in an ore is termed agdilm. This is practically
carried out by size reduction performed by crusheid grinding mills.

The ore lumps from the mines have the lump sizE0of 100 cm while
the individual minerals have grain sizes below irh. Hence, the first step in
any ore dressing plant is to aim at liberation iag seduction or comminution.

Comminution of any ore is carriad i several stages using different
crushing equipments. So the objective crushing retluce the large lumps in to
smaller sizes. Depending upon the feed and proglarticle size, the crushing
operation can be classified as follows:

1. Primary crushing:

The feed material is usually the run of mine
2. Intermediate crushing or secondary crushing:

The feed material is usually product of a jawster.

3. Fine crushing or coarse grinding:
The feed material is usually comes from the secgncashers.
4. Fine Grinding:
The objective of fine grinding is to produce uliraf material less than

one micron.



2.2. Size Parameter for Different Comminution Procsses:
Suitable parameters of feed and product matesradlifferent crushing

operations are shown in the table. 2.1.

Table.2.1.

Process Feed Size Product size

1. Coarse Crushing ROM( 150-4cms) 5.0-0.5cm

2. Intermediate crushing. 5.0 - 0.5cm 0.5-0.0Icm
3.Coarse grinding 0.5.0-0.2cm About 75 microns
4. Fine Grinding (Special type)| (0.02 cm) 0.01 nuoiis

2.3.Energy Requirement for Different Comminution Processes:
Different size reduction practices requires differamount of energy

as shown in the table.2.2.

Table.2.2.

Process Average Energy Consumption (kWh/ton)
1. Coarse Crushing 0.2-05

2. Intermediate crushing. 05-2

3.Coarse grinding 1.0-10

4. Fine Grinding (Special type) 2-25

2.4. Mechanism of Size Reduction:

Crushing is a mechanical operation in which a fatkrge magnitude
is applied to a relatively brittle solid material $uch a direction that its failure
takes place. The theory of size reduction for soidquite complex, but can be

attributed to the action of following forces actiog the particle:



1. A huge compressive force exceeding the ultimatngth of the material may
be responsible for size reduction as actually hapjre case of jaw, gyratory and
roll crushers.

2. A sufficiently high impact force may be responsidr size reduction. Impact
force is largely utilized in hammer & ball mills.

3. Attrition, rubbing action or frictional forces még utilized for size reduction.
Such action is largely responsible for crushingdtimition mill, tube and pebble
mills.

4. Cutting force is utilized in knife edge mills teduce the size of fibrous
materials like mica, asbestos.
At least one or a combination of the above forisealways involved in

size reduction in any crushing equipment.
2.5. Basic Requirements of Crushing Equipments:
An ideal crusher or grinder should have the follogvcharacteristics:
a. It should have a large capacity.
b. It should require a small (energy) input per uvgight of production.
c. It should yield a product of uniform size or hetrequired size range.
The performance of different crushing operatiostiglied individually
with respect to the ideal operating conditions. lassification of the size
reduction equipments can be made on the basiseaf &ad product size as

follow:

2.6. Classification of the Size Reduction Equipmest
(In The Order Of Finer Size Product)

A. Primary Crushers:

1. Jaw crusher.

2. Gyratory crusher.

B. Intermediate crushers:

1. Crushing rolls.

2. Cone crusher.

3. Disc crusher.

C. Fine crushers or Coarse Grinders:
1. Ball Mill.



D. Fine Grinders:

1. Rod mill.

2. Pebble mill.

3. Tube mill.

4. Hammer mill with internal classifier.

2.7. Primary Crushers:

Crushers are slow speed machines for coarse sizestien of large
quantities of solids. The major types of crushees daw, Gyratory, Roll &
Toothed roll crushers. The first three types ome@t compressive force and
can crush very hard & brittle rocks. The toothelll cnusher tears the feed apart
as well as crushes it. It works best on softer neltelike coal, bone and soft
slate. These are the crushers which operate orruteof the mine rfom).
Primary crushers are of two types:

1. Jaw crusher.
2. Gyratory crusher
2.8. Classification of Jaw Crushers:
From capacity and working mechanism point of viewv jcrushers are
three types such as:
1. Blake crusher.
2. Dodge crusher.
3. Universal crusher.
The functional figure of different jaw crushers ass shown

schematically in the figure.2.1.



Blake Jaw Crusher:

It is a primary crusher used most widely. It kasnoving jaw
pivoted (hinged) at the top as in the figure2.1atigh the working principles of
Blake and Dodge crushers may be different from toogonal point of view
they are almost identical excepting two notablefediinces which will be
discussed afterward. The Blake crusher may be ifitassas single toggleor

double togglaype.

Constructional Features:

As the name suggests a jaw crusher has two javie f&tm a V-shape
at the top through which feed is admitted into jhe space. One of the jaws is
fixed to the main frame of the crusher almost eetty while the other one is
movable. The swinging jaw, driven by an eccentgciprocates in a horizontal
plane and makes an angle of 20- 30 degrees witht#tionary jaw. It applies a
huge compressive force on the ore lumps caught dsstwthe jaws. The
schematic figure of the Blake crusher is showmanfigure2.2.

On the jaws, replaceable crushing faces are fixgdnit & bolt
arrangement. The crushing faces are madéaflifield manganese steeWhen
extensive wear is observed on any of the facesréplaced with a new one. The
crushing faces are rarely flat. They are usuallwywvaurfaces or may carry
shallow grooves on them. The jaw running speed fram 100-400 rpm.
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The jaw widths vary from 2" to 48". The importdieatures of jaw
crusher are as follow:

As the moving jaw is pivoted at the top, the anudlé movement is
largest at the bottom. The maximum distance theimgojaw travels is called
throw of the crusher. The throw varies from 1-7cm. Jawsker is rated
according to their receiving area, i.e., thegthof the jaw plates and thgape
Gapeis defined as the distance between the jaw platdsedeed opening end.
For example an 1830X1220mm crusher h#esngth (L)of 1830 and @apeof
1220mm. For jaw crushers thength or widthis usually greater thagape The

Blake crusher has a varying discharge opening. disitance between the jaws
in the discharge side is termed aS)

These parameters are shown schematically in thiesfig.3.

Initially the large lump is caught at the top asdbroken. The broken
fragments drop to the narrower bottom space antfushed again when the
jaws close in next time. This action continues luthi2 feed comes out at the
bottom. The crushing force is least at the stathefcycle and highest at the end
of the cycle. In this machine an eccentric drives ppitman. The circular motion
of the main shaft is converted to up and down nmoti the pitman via the
eccentric and finally thep and dowmmotion is converted toeciprocatingto
and frg motion with the help of two toggles. One of tggles is fixed to the
main frame and pitman while the other one is fixedhe moving jaw and
pitman. From mechanical stand point, toggles aeevikakest members of the
jaw crusher. This is specifically made so to woskaasafety device for the
entire jaw crusher installation. There is everytataility that an extremely hard
material may enter into the jaw space along withubual feed.
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Such an occurrence starts developing a huge stred¢be machine
members. The stress would continue as long asatwegarticle is not crushed.
This may lead to situations where the jaw crusheuld be severely damaged.
Such a situation is avoided as the toggle(s) falgond a particular stress level
being the weakest link of the jaw crusher membdesce toggle(s) actuates the
moving jaws and simultaneously work as a safetyiagefor the jaw crusher.
The failed toggles can be replaced with new ondbhont much problem. In
crushers, the toggle plates are designed to takeaquredetermined load.

Another important component of the Blake jaw crushehe flywheel
fitted onto the main shaft. The use of fly wheetjiste important from design
point of view. As crushing takes place only duritige forward stroke,
intermittent and uneven load works on the machieenbers. To equalize this
uneven load one or a number of flywheels are usethe main shaft. During
the back-stroke, the material that has already loegshed is allowed to drop
freely through the jaws. Forced feed lubricationhis rule in the jaw crushers.
The machine is not operated very rapidly to retsthie production of fines.
Characteristics of Blake jaw crusher:

1. Reduction Ratio:

Blake crushers are the primary crushers. As tbeimg jaw is pivoted
at the top it makes minimum and maximum swing a& tbp and bottom
respectively. The maximum distance travelled byriwving jaw is defined as
throw of the crusher. Blake jaw crushers have figage The width or length of
the feed receiving opening is somewhat greater ttien gape. Theset
determines the product particle size. Dependinghupe gape & setthe size
reduction ratio R.R) generally available varies from 4-7. For a crugsheR.R.
is defined as the ratio between average feed siagdrage product size.
Mathematically:

AvarageFeedSize
AvarageProductSize’

Reduction RatiqR.R) =

This is a very important parameter for determinitige energy
consumption in the crusher. Keeping all other \dea fixed, higher the

reduction rationR.R) higher is the energy consumed by the crusher.
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2. Capacity:

The capacity of the jaw crusher mainly depends hmn length and
width of receiving opening and the width of disaf@r As per Taggart, the
empirical formula for capacity of jaw crusherTs= 0.6LSwhere,

T is the capacity expressed in tons per hour.
L is thelength or widthof the receiving opening in inches.
Sis thesetor width of discharge opening in inches.

The above empirical relation is quite accurate pkéer smallest and
largest jaw crushers. The capacity of a jaw crushay be as high as 725tons
per hour for 2250x1680mm jaw size.

3. Energy Consumption and Efficiency:

Energy consumption in a jaw crusher varies conaldgr Largely it

depends on following factors:

a. Size of feed

b. Size of Product

c. Capacity of the machine

d. Properties of rock such as hardness, specifiatgrastc.

The energy utilization analysis in a crusher wiast fcarried out by
Owens. As per his conclusion the energy consumedjaw crusher is utilized
in the following manner:

1. In producing elastic deformation of the partiokfore fracture occurs.
2. In producing plastic deformation which resultdracture of the particle.
3. In causing elastic distortion of the equipment.

4. Frictional losses between the particle & the imae.

5. Noise, heat & vibrational energy losses in tlzap

It has been estimated that only 10 - 20% of ttal tinput energy is
consumed for size reduction and the rest is loshénmachine in various ways.
Out of the total energy consumed, largest amoutst genverted to heat energy
during crushing. Further this amount increases h&s size reduction ration

increases.
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The jaw crushers are quite inefficient machinese €fficiency can be
modified a little by analyzing the modes of enengjlization in a crusher.
Proper lubrication and reduction in frictional lesscan only increase the
efficiency of the crusher. Further the physicalgadies of the ore which affect
the efficiency of crushing are:

1. Specific gravity of the ore.
2. Hardness of the ore.
3. Moisture content in the ore.

4. Structural weakness planes of the ore.

Dodge Crusher:

Both Dodge and Blake crushers look similar to eattter. In Dodge
crusher the moving jaw is pivoted at the bottonplarce of of the top as in case
of Blake crusher. Hence the maximum swing of thevimp jaw is obtained at
the top. Thegapeis a variable while width of discharge openisgi(is fixed.
Due to the fixedset the product is more uniformly sized as compaedhe
product from the Blake. The crusher has got fewechmnical parts as
compared to Blake crusher. The moving jaw is atddaby a lever It is
activated by a lever-eccentric arrangement moumei the main shaft as
compared to the toggle-pitman combination in caS®&lake crusher. Dodge

crusher is shown schematically in the figure 2.4.
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The inherent problem with this crusher is its teme to choke
frequently and that is why it is used less widdllgis crusher is usually made in
smaller size than the Blake crusher because of fhigtuating stresses working
on the machine members. The major advantage ofhthizhine is its power to
effect larger size reduction because of larger-oyeat the top with a fixed set.
The advantage of uniform product size is the magtificant where a single
crusher is used as the only comminution machinéndnostries where elaborate
screening is available Blake crusher is preferrechiose of its higher capacity
and more balanced mechanical design. The Dodgdemsisre usually used in
college and research laboratories. A comparisowdsi Dodge and Blake jaw

crusher is made in the table 2.3.
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Table 2.3. Comparison between Blake & Dodge Crusher

Blake Jaw Crusher

Dodge Jaw Crusher

1. It has got two toggles.

It has one toggle inftren of a

lever.

2. It has one pitman.

It has no pitman.

3. The movable jaw is pivoted at the
top, so has a variable product
discharge opening while feed

receiving opening is fixed.

The movable jaw is pivoted at the

bottom so the discharge opening is
fixed. The set is fixed, while the fee
receiving opening varies. This results

in almost uniform sized product.

4. No choking takes place here as it
has variable discharge. It operates o

principle of forced feed.

Choking is a very common problem

o

nas the set is quite small compared t

receiving opening.

5. This crusher is mechanically more

balanced and has fewer breakdowns.

Further it is built for much larger

capacity.

Mechanically the design of this

crusher is inferior. So it is built only
to lower capacity. This machine has
more breakdowns as compared to the

other.

6. Product size distribution is large &

produces more fines.

Product size distribution is more

uniform.

7. Blake is preferred at large industri
setups where elaborate screening
facility is available along with other

comminution machines. out.

alA dodge is preferred where jaw
crusher is to be used as the only

comminution equipment.

8. This machine is of higher cost for

same output.

This machine is cheaper for same

output.

9. Because of forced feed lubrication

yields a coarser product.

iAs choke feeding is possible, it can

yield a much finer product.

1
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Gyratory Crusher:
Classification of Gyratory Crusher:

Gyratory crushers have been developed recentlyderao supply a
machine with a larger capacity than jaw crushers.

The best known gyratory crushers are:

1. Suspended spindle gyratory crusher.

2. Parallel Pinch or Telsmith gyratory crushers.

Of late the suspended spindle gyratory has beealetbsand only the parallel
pinch gyratory is used widely. Theoretically thegliel pinch is not a gyratory
crusher since the crushing head rotates ecceyrinatead of gyrating.

It consists of two substantially vertical ioated conical shells. The outer
shell has its apex pointing down while the innenedas its apex pointing up.
The outer conical shell is fixed rigidly to the mdframe while the inner cone or
the crushing cone is mounted on a heavy centrél als® known as spindle.

The upper end-of the shaft is held in a flexiblarirgg while the lower
end is driven by an eccentric so as to descriliecke cBecause of this eccentric
rotation, the inner cone thus rotates inside trteratone alternately approaching
and receding from all the points on the inner geeiy of the outer shell. The
solids caught in the V-shaped space between thehiom heads are broken
repeatedly until they pass at the bottom. The éngshction takes place all over
the cone surface. Fig.2.1. shows the functiorethehts of a suspended spindle

gyratory crusher.
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Since the jaw movement is largest at the bottora, dperational
characteristics of the gyratory crusher are sintitaBlake jaw crusher. The
machine operates continuously throwing producaedund the periphery at
different instants. When one point on the periphisrinvolved in crushing
the opposite point is set at maximum opening tceptcdeed into the V-
shaped crushing head. This crusher mainly employspecessive force for
size reduction. The materials for crushing healaid field manganese steel
in cast form. The gyration speed varies from 125-4p.m. As the gyratory
crusher operates continuously, for an equivalerg sif the crushing heads,
the capacity per unit area of grinding surfacehef gyratory crusher is much
larger than that of Blake jaw crusher. As the cimglaction is continuous,
the fluctuating stresses on machine members arenizd and it consumes
less power. Thus it has a better efficiency congbare jaw crusher. The
product from gyratory crusher is much more unifazompared to the jaw
crusher. Because of the high capital cost, thehemis most suitable for very

large output.

Characteristics of Gyratory Crusher:
1. At any cross section there are in effect twe sétjaws opening and closing
alternatively like a conventional jaw crusher. Hergyratory crusher can be
regarded as a series combination of infinitely éangimber of jaw crushers of
infinitely small width. Hence the capacity of theratory crusher is much
greater than that of a jaw crusher having equivajape size.
2. It has more regular power draft due to contisuowshing action.
3. With respect to the reduction ratio, at fixedwpo consumption and
equivalent capacity, both jaw and gyratory crusrerat par.
4. The rule of installing a gyratory crushers av @usher is given by Taggart as
follows:

If the hourly tonnage to be crushed divided by sequaf gape
expressed in inches yields a quotient less thahS0thhan use a jaw crusher or

else use a gyratory crusher.
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Mathematically:

If, T

-
Gapé®

And,

< (Ql15,select Jav cru

> (l15select Gsatory crusher

sher,

Where, T is expressed in tons per hour agape is expressed in inches. A

comparison between jaw and gyratory crushers isngin the table 2.4,

Table 2.4. Comparison between Jaw & Gyratory Crushr:

Jaw Crusher

Gyratory Crusher

The loading on machine components is

intermittent and the power draft irregulg|

Uniform loading on the machine components with

r.regular power draft.

Crushing action is intermittent.

Crushing actiomlimost continuous.

For a particular gape size the capacity |

less compared to gyratory crusher.

=)

s For the same gape size the capacity is much larg

Its feed acceptance size is much larger

compared to gyratory crusher.

=)

Its feed acceptance size is much less compared t

jaw crusher for the some capacity.

Product particle size distribution varies
widely &it has a reduction ratio less tha

that of the gyratory crusher.

More uniform sized product is obtained with a

n largerr.r.

Power consumption is higher for jaw

crusher for a particularr. & capacity.

With the same r.r. & capacity, the gyratory crusher

requires less power.

The crusher is less efficient compared 1
gyratory crusher It has an efficiency of
10 -20%.

01t has an efficiency of 30 - 50%.

The wear on the jaw plates is not
uniform which causes heavy wear on th
jaw plates at certain areas. The jaw pla

are replaced frequently.

The wear on the crushing cone is quite uniform. If
ethe bottom opening changes, the inner cone can
elifted up by the variable bearing to reduce the.gap

So the heads can serve for a longer time.

Not much variation can be obtained witl

regards to product particle size.

h Wide variation in product size can be obtained by
varying the setting of the central shaft. Thecset

be varied as per requirement.

It has a low cost of installation.

It has a higlstoof installation.

It is better for lower production rates.

It is leettor higher production rates.

19
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Intermediate Crushers:

Generally products from the jaw crusher or gyratorysher are not
fine enough for the complete liberation of minegedins and needs further size
reduction. The product is charged into either coneher or crushing rolls for
further size reduction. Cone crushers and crustoflg are the equipments for
intermediate range crushing.

Cone Crusher:

This type crusher is a newer development. They hgaieed wide
popularity because of their economical operatiothsmintermediate range. The
general types are: Simon's Cone Crusher and TélByitosphere.

The construction of this cone crusher is much simio gyratory
crusher (Figure2.6.) though the feed size is muuhller and the product is
much finer. Here both the rotating inner cone &istary outer cone apex point
upwards. The outer stationary cone is fixed orhéorhain frame while the inner
crushing head is mounted on a heavy central shédting eccentrically. The
material used as crushing headsaslfield manganeseast steel containing at

least12%Mn. The sectional view of a cone crusheh@wn in the figure 2.6.
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The central shaft is fixed with an adjustable begand is mounted on
an eccentric drive. Due to the adjustable bearingthee central shaft, the
position of the internal cone can be altered stogsovide a variable discharge
opening ¢e) as per the requirement. This arrangement alsestakre of the
wear on the crushing faces which may enlarge theTée eccentric performs
the same work as does in the case of gyratory erush

Due to this the inner cone (crushing head) alteipaapproaches and
recedes from a particular point on the peripheryhef outer cone resulting in
continuous crushing action. This results in regplawer draft and much finer
product at a better efficiency. The efficiency loé tCone crusher is comparable
to that of the gyratory crusher.

The crushing forces here are compressive and dnigliin nature.
Compared to crushing rolls they have better capadgith comparable product
fineness. To operate the cone crushers most effigiea dry feed, free from
fines are to be used. If wet ore is used the camshers may clog. The
problem of clogging in cone crushers makes it neagsto use efficient
screens in closed circuit with them.

LIMITATIONS:

1. It operates only on closely sized brittle materi

2. It has a low reduction ratio.

3. It needs extensive lubrication of all its moviveyt regularly.
4. It operates best in closed circuit grinding.

Crushing Rolls:

This is an important class of intermediate commidmmachine in the
intermediate range of size reduction. Crushingsrethnsists of pair of heavy
cylindrical rolls revolving towards each other s ta nip a falling ribbon of
rock and discharge it crushed below rolls. Theyawevented around 1850A.D.
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Mechanical Design:

The two rolls are heavy and rigid ones. The mdtésiaast steel and
wear resisting. Both the rolls are positively driveowards each other by
motors. The heavy rolls turn on parallel horizomtiaine having the roll centres

at the same height separated by a distehcEhe feed caught between the rolls

are broken by compressive force and drop down heldwe rolls turn towards
each other at the same speed. They have narrow fatehave large diameter
so that they call nip moderately large lumps. Fég@r7. shows the crushing

rolls schematically.

Typical rolls are 600 mm long with 300 mm diametRoll speed
ranges from 50 - 300 rpm. The feed size varies fi@¥5mm & the product
size varies from 12 to 20 mm .The product size igaifepends on the roll
separation distance The operation is quite continuous. At a loweruetthn
ratio the crushing rolls produces less fines as paved to other crushers.
However, the crushing rolls have large capacitjoater reduction ratio. The
roll clearanced is adjustable and depends on feed size and prosinet
requirement. The machine is protected against darfragh very hard material,
by the spring loader mounted onto the rolls. Whehaad material, having
breaking strength is higher than the strength efdpring loader, is nipped the

rolls simply widen allowing the hard rock to dropveh without being crushed.
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The most important characteristic of a roll crushdrich controls the crushing

activity, is theangle of nipor angle of biteof the rolls. This can be deduced

mathematically.

Angle of Nip:

It is defined as the angle subtended between théangents drawn at
the points of contact of the rolls and the partidde crushedAngle of nipis
also termed aangle of bite Crushing is performed only when the ore particles
are nipped properly by the rolls. The Particle tohah be nipped by the
crushing rolls depends largely on the followingtfas:

1. Roll diameterD).
2. Particle diameted].
3. Inter roll distanceS).Assuming the particle to be spherical.
4. Friction factor between the roll & the minera).(
These parameters are shown schematically in thee2.8. The angle

of nip is represented a® 2n the figure.

Neglecting the effect of gravity on the ore pagid mathematical
relation regarding feasibility of nipping and sutpgent crushing can be

deduced as follows:

23



Let the reaction & friction force at the contactimoareF; andFy
respectively (refer fig.2.8). The particle will béped leading to crushing only
when the resultarR of the forced=; andFy is directed downwardtherwise

the particle will fly-off from the V-space of thells. Further it can be shown
that the horizontal components of the forces ateegponsible in dragging the
particle into the roll gap. It is only the verticabmponents of the forces are
responsible for dragging the particles into the galp for crushing. Hence the
limiting condition of crushing is that,” The sum tife vertical components of
all the forces at the contact point between theame roll should be at least
equal to zeroX Fperticar = 0).

The vertical components of; andFy areF; cosg andFy sind
respectively. As per the limiting condition of chirsg:
F; cosd =Fy sin@

Fy _sing

, =tand
Fy cosé

Or

Hence necessary and sufficient condition for cruglis:

Fr cosf= Fysind = :::—Tz tand--- (1)
N

From the laws of mechanics we havEeE‘— =u,
u is the coefficient of friction at the ore parti@ad roll contact point.
Hence the equation (1) changes to:
U = tanf — — — (2) where 6 is half angle of nip.
Now the interrelation betweebP, d, Sand fcan be found out by
considering the triangle OPM with reference to figeire2.9. In the triangle

OPM we have:cosé = % = D+S
OoP D+d

-—--2)
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In most of the cases limiting size of the partittiat can be nipped is
estimated by a simple relatiof 5 = (004R+S/2), whereRis the roll radius
andSis the inter roll distance or gap. The coefficiefffriction between steel
and most of the ore particles is in the range Bf-@.3, so the angle of nipd
should never be abo@®° else the particle will slip.

The kinetic friction between particle and moving rolls can be

1+12v
1+6v

computed from the equationy =[ } where, vis the peripheral speed

which is aroundims tfor smaller rolls andlsms *for larger rolls having a
diameter of 1800mm or more.

Characteristics of the Crushing Rolls:

1. It has a reduction ratia.() is around 3 - 4 only which is very low compared
to other size reduction equipments.

2. It yields a uniform sized product.

3. The product of the crushing rolls contains fewiees as the mastification

time is limited and no repeated crushing takeseplac
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4. Capacity:

Capacity of the roll crusher depends on the folfmpactors:
i. Speed of revolutionN).

ii. Width of the facesW).

iii. Diameter of the rolls).

iv. Set §), the inter roll distance

v. Specific gravity of rock ) Ib /in®
The theoretical capacity in tons/hr is given by élxeression:
C =0.0034N DWSo, whereW, D& Sare expressed in inches agdin Ib/in=3.

Or, C= 1.885N DW% kgh*, whereW, D& Sare expressed in meter agt is

expressed in kgfz. The actual capacity is considerably less andhiig around
10-30% of the theoretical capacity. If the Sgi6 nil the capacity of the rolls is
also nil.
6. Rolls can be operated either wet or dry. Dry cingthas a lower output but
causes lesser wear of the rolls.
5. It is best operated on choke feeding for maximunpat. In open feeding the
output is less.
Uses:

The rolls are most suitable in effecting only a Benasize reduction in
a single operation. Therefore, it is common to ey number of pair of rolls
in series to achieve higher reduction ration. Cingslnolls are extensively used
in crushing oil seeds, gun powder and coal becatig®wer residence time of

the feed as lower residence time reduces the affdwtat on the feed material.
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Problem 1:

Coefficient of friction between rock& roll surfacesy = 0.4. What is
the minimum roll diameter to reduce 1.5" pieceaxfkto 0.5"?
Solution:

Let us draw a functional figure of a roll crusherieelow:

Limiting value of the angle of nip is describedthg relation, ta@ = x.
So, tard = 0.4.

Hence, 6= 21°48'".

Considering the right angled triandgdM we have:

Cosf=D+S/D+d = Cos 21°48' = 0.9285 ------- (1),

Where,D = Roll diameter

d = Particle diameter = 1.5"

S=Roll gap = 0.5"

Now substituting the values of the parameters énetjuation (1) we have:
0.9285=D+0.5D+1.5

Further solving foD we have:

D = 12.5 inches.
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Problem2:

What should be the diameter of a set of rolls tetéeed of size 38.1mm and
crush to 12.7mm if the coefficient of frictipnis 0.35?

Solution:

Let us draw a functional figure of a roll crusherieelow:

Limiting value ofangle of nipis described by the relation tan .
So, targd = 0.35.

Henceg= 19°17'.

Considering the right angled triangdM we have:
Cosf=D+S/D+d = C0s19°17’ = 0.9438 --- (1)

Where,D is the roll diameter = ?

d, Particle diameter = 38.1mm.

S,roll gap = 12.7mm.

Using the known values of the parameters in thegicet (1),
We have: 0.9438 B+38.1D+12.7

And solving forD we haveD = 413.86mm.

Feeding Systems in Comminution Equipments:

There are two distinct methods of feeding matedal crusher. They are:
a. Free Feeding.
b. Choke Feeding.
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Free feeding:

This involves feeding of material at a comparagielv rate so that the
product can readily escapes out of the machinethAsresidence time of the
feed material in the machine is short and productibappreciable quantity of
undersized or fines are avoided. This reduces Hamaes of clogging of the
machine. The reverse of the free crushing methtefiised as choke feeding.
Choke feeding:

The second method of feeding is known as chokeirfgeth this case
the machine is always kept full with material ahd tischarge of the product is
impeded by retaining the ore in the machine fooragér time. This result in a
higher degree of crushing at a reduced capacitthef machine is reduced.
Energy consumption is higher because of the custdgoection produced by the
accumulated product. Dodge crusher generally workghis type of feeding
method. The most important problem of this typefedding system is the
clogging of the crusher causing higher wear on ¢hgesher faces or even
ultimate failure of the machine. This method isgrdfore, used only when a
comparatively small amount of material is to bested and it is desired to
achieve the total size reduction in one operatibis. usually desirable to avoid
choke feeding.

Open and Closed Circuit Grinding Operations:

The usual meaning of grinding here is comminuéiod has nothing to
do the product particle size. In many mills thedi@s broken into particles of
satisfactory size by passing it once through thé Wihen no attempt is made to
return the over sized particles in the product cagain to the crusher féurther
size reduction the product simply passes-off tortbet stage of size reduction.
Such a method of size reduction at various stafjethé¢ desired product is
obtained is termed apen circuit grinding

A bright example is dodge crusher operating on ehigeding. This
grinding may require excessive amount of power amgth of the energy is

wasted in regrinding the particles that are alrdatyenough.
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In another method the partially crushed materiaddeeened and the
oversized material is returned back to the crusétiefurther crushing and the
undersized product is given as the feed to the neaghine for further size
reduction. If such a method is followed in all sessive crushers till the desired
product is obtained it is termed atsed circuit grinding This method of
grinding operation is generally adopted as suchoagss has been found to be
economical making full capacity utilization of a@tjuipments efficiently. This
process avoids unnecessary regrinding. Figure2Hdws the scheme of closed

and open circuit grinding.

Fine Crushing or Grinding:

The fine crushing or grinding means product sizs [han éim and
going down up to 200#(¢4n). The usual meaning of grinding is the
comminution of an ore particle that has alreadynbegluced to a size less than

émmsize by crushing.
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Hence any comminution process aiming at a prodizet kss than
6mm size is known as grinding. Grinding is a slowercess usually carried out
in a ball or tumbling mill or any other equipmeiitel tube, rod & pebble mill.
These mills perform size reduction in closed chastm®ntaining hard balls,
rods or quartz pebbles as grinding media.

Classification of Ball Mills:

Ball mills can be classified according to the

a. Shape of the mill.

b. Methods of discharge of the ground ore.

c. Weather the grinding is conducted dry or wet.

1. Shape of the Mills:

According to the shape the mills are classified as:

1. Cylindro-conical mills: Harding mill (where feed discharge ends are fixed).
2. Cylindrical mills. This represents the usual taills.

Figure 2.12 shows the shape of different ball nstleematically.
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2. Method of Discharge:

Cylindrical mills are also classified accordingttee mode of product
discharge taking place from the mill. Accordingth@ discharge method mills
are classified as:

a. Peripheral discharge mill: Discharge of the groymbduct takes place
through meshed cylindrical shell.

b. Grate mill: Discharge of the ground product takdsce through a screen
extending as a diaphragm across the full sectidgheofill at the discharge end.
c. Overflow mill: Discharge of the ground product ¢akplace by free overflow

from the axis of the mill.
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Mechanical construction of a Cylindrical Ball mill:

Ball mill has few important components as follows:
1. Cylindrical shell.

2. Inner surface or liners.

3. Balls or grinding media.

4. Drive.

1. Cylindrical Shell:

It is the rotating hollow cylinder partially fillewith the balls. The ore
to .be crushed is fed through the hollow turnnibro@e end & the product is
discharged through a similar turnnion at the otead. The material of
construction for this hollow shell is usually higtrength steel. The shell axis is
either horizontal or at a small angle to the basege ball mills have a length of
4 - 4.25 mts, diameter of 3mts. They use hardetesl balls of size varying
between 25-125m
2.Inner Surface or Liners:

As the grinding process involves impact and attnitihe interior of the
ball mills is lined with replaceable wear resistiingers. The liners are usually
high manganese alloy steels, stones or rubbert ks takes place on rubber
lined interior. As the coefficient of friction beten balls and steel liner is
specifically large, the balls are carried up takera higher height along the
inner wall of the shell and dropped down onto theewith a larger impact force
resulting in a better grinding.

3. Balls (Grinding Media):

The balls are usualbast steelinless otherwise stated. In some cdkets
balls may be used. The diameter of the grindingiangdries from 1-5inches.
The optimum size of the ball is proportional to Hrpiare root of the feed size.
The ball and liner wear are usually in the rangés® — 1250 and 0.50 - 250
grams per ton of ore ground.

4. Drive:

The mill is rotated by electric motors connectedbtigh reduction

gear box - ring gear arrangement.

Theory of Ball Mill Operation:

Ball mills may be continuous or batch type in whigtinding media
and the ore to be ground are rotated around the @fxthe mill. Due to the
friction between the liners—balls & liners—ore lusnpoth the ore and balls are
carried up along the inner wall of the shell neddythe top from where the
grinding media fall down on the ore particles beloeating a heavy impact on
them. This usually happens at the toe of the bl m
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The energy expanded in the lifting up the grindimgdia is thus
utilized in reducing the size of the particles as trotation of the mill is
continued. In fact the grinding process is attéouto three different stages of
ball mill working. They are:

a. Cascading (attrition between the balls and pagjcle

b. Cataracting (impact of the ball on the particles).

c¢. Centrifuging.

All these stages of working are shown schematigaltye figure 2.13below.

Effective grinding depends on the rotational speédhe mill. If the
mill operates at a low speed balls will be carnigdalong the inner wall to a
certain height, but not large enough to give anactgorce. Rather, they roll
over each other or slip over. This type of operslocondition is known as
cascading of the mill. Even then some grindingadqgrmed due to attrition. If
the speed is raised, the balls start moving ughéurailong the inner wall and
suddenly fall form a greater height imparting arpéut force at the toe of the
mill. This impact is largely responsible for modtthe grinding (Fig 2). This
condition is known as cataracting. If the speedbtdtion becomes too high, the
balls are carried over and over again all alongitimer lining as if they are
sticking to the inner wall and there is hardly agrinding. This condition is
known as centrifuging of the mill. If the speed tbe ball mill is too low
cataracting does not occur. Rolling down of balid @articles lead to particle
rubbing and limited grinding only is possible. Aietother extreme, that is at
very high speed the mill, centrifuging occurs leadio little or no grinding. So
mill is to be operated between these two extrerseds
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Critical Speed of the Ball Mill:

The minimum rotational speed at which centrifugoagurs in a ball
mill is defined as its critical speed. It has athgd®een noticed that no grinding
takes place in the ball mill when it centrifuge®. tBe operating speed of the
mill should always be less than its critical speedbling the media to deliver
impacts at the toe or knee of the mill to resulgyiimding. Thecritical speed of
a ball mill is of immense practical importance witbgards to its efficient
working.
Determination of Critical Speed of a Ball Mill:
Assumptions:
1. Let the radius of the cylindrical ball mill bR,
2. Only single sized media of radiuss used in the mill.

During the rotation of the mill the grinding medgcarried up along
the inner wall of the mill shell. At any particularstant the forces working on
the media is shown schematically in the figure2.14.

Different forces working are:
1. A centrifugal forcd:C working radially away from the centre of mill.
2. The gravitational forcng acting vertically downward from the centre of the

particle as shown in the figure2.14.
The speed at which the outer most balls may loséacbwith the inner wall of
the mill depends on the balance betwggrvitational & centrifugal forces.
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Mathematically:

Centrifugal forceg = _MV° _ _ _ __ @

(R=-r)
Where(R-r)is the radius of rotation, gravitational forcEg =mgcog), g is

the acceleration due to gravity aftis the angle the particle at the centre of the
mill.

Letv, be the linear speed of the cylindrical shell lz¢ periphery.
Converting the linear speed to rotational speedthef ball mill we have:

V= [277(R— r)N], where,N is the rotational speed of the mill. The media

will ride up to a point along the inner wall of thall as long as the centrifugal
force is greater than the gravitational force wogkon the ball. At any point if
equilibrium is established, we have:
mg cos 8 = mv ?
(R-r)
— mgcosd = m[27(R-r)N ] _ m[4ﬂ2(R -1)2N 2]
(R-r) (R-r)

= gcosd =4m?(R-r)N?2

For centrifuging condition, the media has to hetiee topmost position
as shown in the figure2.14 and then roll down t® tther side without losing
contact with the inner wall of the mill. Hence undbe critical condition of
centrifuging the media should at least reach tipentest position. The speed at
which this just happens is known as the criticaesfN = of the ball mill. To

achieve such a condition, has to be 0° .

Now, ch | :L
“ " 42 (R-r)

= N_ = i 9 is known as theritical speedof the mill.
c 2m\(R-r)

In different units the critical speed of the balllman have values as follows:
42.3

N =———,D & d expressedin meter.------ 1
T4 P @
76.65 .
N =———D & d expressedin feet. - - - - - 2
) P @

Usually the ball mill is rotated at 65-80% of thigeoretical critical
speed. The lower value is for wet grinding while tigher value is opted for

dry grinding.
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Characteristics of Ball Mill Working:

1. Speed and Energy Input Interrelation in Ball Mill:

Speed of the ball mill should be as high as possibithout
centrifuging. Initially the work input increase®atlily as the speed of the mill
increases. It reaches a peak at a particular spegdhere after the work input
decreases rapidly with the increase in speed. i§lshown schematically in the
figure 2.15.

2. Ball Load:

It is defined as the volume that is occupied bygtiading media out of
the total volume of the ball mill without ore or teain it. The ball load should
be such that it is slightly more than 30% of th&altawolume of the ball mill.
During general operation media occupy between 38-50 the volume of the
mill. When a mill is operated for the first the gballs of various sizes rather
than single size are charged into the shell. Tistifihation for the use of the
various sizes is obvious. If balls of definite siaee charged, thanterstitial
porescreated by the uniform sized spheres will work a&l\spaces and ore
particles of that particular void size if caughtthe void will not be crushed
further. So as to avoid such problems balls ofowagisizes are used in the mill
when it is installed and operated for the firstedinburing grinding the balls
themselves get worn-off which reduces the ball IcEte reduced ball load is
replenished at regular intervals with new ball(s)aogest size only. In fact the
larger balls crush the feed material more effettivehile the smaller ones are
responsible for producing fines.

The energy that the mill is made to consume isretfan of speed of
the ball mill, ball load, specific gravity of theeoand dilution of the pulp. With
the increase in ball load the energy input intortik is increased gradually but
not in direct proportion to the ball load till a riimum is reached. Thereafter the
energy input decreases gradually to zero as iif@adased earlier.
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This is due to the fact that, as the ball loathiseased, the centre of
gravity of the load comes nearer and nearer toa#ie of rotation of the mill
which decreases the energy input to the mill. Applensity of 60 - 75% solids
results in maximum energy input. The energy inmrsus the ball load is shown
schematically in the figure 2.16.

3. Reduction Ratio:

The reduction ratio that can be obtained in thd ball is large
compared to reduction ratios obtained in primargecondary crushers. It may
range from 50 -100 for a ball mill-classifier cifclf the r.r. is high along with
large capacity, it will be more economical to usdl ills in series. The first in
the series may be withr of 20 while the last one may be a fine grinder hgvi
r.r of 5 resulting in an effectivier of 20X5=100.

4. Capacity:

The capacity the ball mill depends upon its siz&dhess of the ore
and the reduction ratio attempted. Ball mills yi&t0 ton / hr of ore fines with
90% passing through 200 # screen.

5. Energy consumption:

Average energy input into the ball mill is aroub@l kwh / ton of ore
ground.

Factors affecting the size of the Product in a BaMill:
1. Rate of feed:

Higher the rate of feed lesser is the size rednctioce the residence
time of the ore particles in the mill is reduced.
2. Properties of the feed ore:

Under given operating conditions larger the feeadyda will be the
product. A lower reduction ratia.¢) is obtained with a hard material.
3. Weight of the ball:

Heavier balls produce finer product. Since the mpth condition is
50% ball load by volume, the weight of the balls)x@mally altered by the use
of materials of different specific gravities.
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4. Diameter of the ball:

Smaller balls facilitate the production of finer texdal but they are not
effective in grinding larger sized particles in tiieed. The limiting size
reduction obtained with a given size of balls iskn asfree grinding As far as
possible smaller size balls are to be used.

5. Slope of the mill:

Increase in the slope of the mill increases itsacép of the mill. But a
coarser product is obtained as the retention tim¢he feed in the mill is
reduced due to higher slope.

6. Discharge freedom:

Increasing the freedom of discharge of the prothast the same effect
as that of increasing the slope.
7. Speed of rotation:

The mill should be operated at speed less ManUsually it is
operated at a speedlgperationa = 0-65 - 0.7
8. Level of Material in the Mill:

Power consumption is reduced by maintaining a level of material
in the mill. If the level is increased the cushimgiction is increased and energy
is wasted in producing excessive fines. Total l@fehaterial in the mill should
be 50% maximum out of which at least 30% shoulthkeball load.
Advantages of the Ball Mill:

. The mill can be used both for wet and dry grrigdi

. The cost of installation of a ball mill is low.

. The ball mill can use an inert atmosphere todyexplosive materials.

. Media used for grinding is relatively cheap.

. The mill is suitable for grinding materials wahy degree of hardness.

. It can be operated in batches or continuously.

N o 0~ W N R

. Itis used for both open and closed circuitdjnig effectively.
Dry & Wet Grinding

It is to be noted that ball mills can he operated at wet. Mills are
usually employed to grind ore in wet condition. Boit some specific purpose

essentially in chemical industries dry grindingmployed.
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During dry grinding the mills are connected withepmatic classifiers
in closed circuit to produce extremely fine powdeulverized coal is obtained

in this manner.

Advantages of Wet Grinding Over Dry Grinding:
Though wet grinding is generally applicable in lspeed mills there
are number of advantages of wet grinding over diryding:
1.Wet grinding facilitates better removal of theoguct, eliminates dust
problem, lessen the noise and heat produced ththeghwvear may actually
increase by 20 %.
2. Power consumption is lowered byl10-30% over drinding per ton of
product.
3. The capacity increases per unit volume of tiie m
4. This grinding makes wet screening possible fodpcing materials in narrow
size range.
5. Dust problem is eliminated.
6. Wet grinding makes handling & transportatiorpadduct easier.
7. Sticky solids are more easily handled.
Disadvantages of Wet Grinding:
1.
2.
3.
4.
Hardinge Mill Or Cylindro-Conical Mill:;
The Hardinge mill consists of two conical sectiawennected by a
central cylindrical section. The mill is supported the end bearings on which

the hollow turnnions are mounted. The mill is madeotate by gear - pinion

arrangement. Feed enters through the left &§Becone to the primary grinding

zone where the diameter of mill is highest.
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Product pours out as a continuous stream of thidk through the

right side30 cone. It is said that conical sections compel tharse particles
and the larger balls to seek the cylindric

section of larger diameter while fine particles &aller balls are found in the
smaller diameter conical section to the left. A thill is rotated the larger balls
move towards the point of maximum diameter or feed while the smaller

balls migrate towards the smaller diameter or disgh end. So from

constructional point of view preferential grindingf coarse particles is
performed by the large balls & fine grinding is foemed by the smaller balls.

The Hardinge mill is shown schematically in theufig 2.17.

Hardinge mills are widely used in metallurgicalrgkand are usually
adopted for wet grinding. Dry grinding of coal, petization of lime stone, clay
& cement clinker is possible in this mill. This indlperates continuously. This
type of mill is shown schematically in the figurel. This mill can be further

classified according to the freedom of dischargeleyed as discussed earlier.

Continuous Cylindrical Mill:

The grinding shell is totally cylindrical with défent sized balls in it.
The feeding is continuous through the hollow tuomconnect at the central
axis and the product comes out through the othemton connected at the
opposite end. This can also be used for batch ptimatu
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Laws of Crushing:

The first step in ore beneficiation is to reduce #ize of the ore by
crushing & grinding, commonly referred as commiantiThe main objective of
comminution is to liberate the mineral particlenfréthe unwanted gangue. This
is achieved by detaching the mineral particle friiva gangue. For different
degree of liberation different types of crushingiipgnents are used. Though
crushing and grinding equipments have been develdapea high degree of
perfection and automation, not much change has bemae in the theory of
crushing or grinding. The design of equipments $ore reduction largely
depends on experience and empirical relationshifise most important
consideration in any size reduction is the enetgpnsumes in performing the
activity, as energy is costlyThe empirical relations between the energy
consumption and size reduction are termed as ldwsushing

Rittinger was the first one to propose such a lammed as Rittinger
law which was subsequently modified further by Kakd Bond. Presently we
have three laws of crushing.

1. Rittinger Law:

Rittinger stated that,” Energy expanded during camotion is
proportional to the new surface area created asesultr of particle
fragmentation”. Mathematically, the statement ba&represented as:

E=K.(S5,-5).

Where K is called Rittinger's constarir work index andS, & S, are the

final & initial specific surface areas respectivatyterms of particle diameter it
1 1

— -,

d2 dl

Where, d, & d, are final & initial diameters of the particle restieely.

becomesE = K (

Rittinger's law applies fairly well in the fine grding range of 10-1000M in
size. Rittinger’s law is quite accurate in calcimgtthe energy consumed during
fine crushing.
2. Kick Law:

According to Kick's law of crushing,” The energynsaimed during
size reduction is directly proportional to the lagan of size reduction ratio

(r.r)". If d2 & dl are the final & initial diameters of the partidierring size
reduction the reduction ratiof) is dl/dz. Then energy consumed in size

reduction is proportional f@g(d, / d,) .
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Mathematically this can be expressed as:
E =K, log(d,/d,), whereK,is the Kick’s law constant.

Rittinger’s law is most successful in the rangdiné grinding while Kick's law
is successful in predicting the energy consumpdiiaring coarse crushing that is
in the range of dm and above.Neither of the above laws predicts trergy
consumption in the intermediate range of size redndaking place in cone
crusher or crushing rolls, a third law has beemppsed by Bond.

3. Bond Law:

It is stated asThe total amount of work input represented by a&giv
weight of crushed or ground product is inverselggaortional to the square root
of the product particle diameter
As per the law:

w, 01/,/D,
Where, D , is the average size of the particle E\Mis the Bond's work input

during crushing.
Mathematically this law can be written as:

o

Wherep , andD , are the average size of the product &feed respegtand

W, = lOW{

W, is the Bond’ work index an intrinsic property oktimaterial being crushed.

Work index is the comminution parameter that exggesthe resistance of the
material to crushing and grinding. Numericallystaqual to the work input in
kWh/ton that is required to reduce a material framinfinitely large sized feed
to a product 80% of which passes through the saé&@0umaperture size.
Ore Grindability:

Ore grindability refers to ease with which the mialecan be crushed
or ground. The most widely used parameter for nmagigrindability is the
Bond's work indeX\V, . If the breakage characteristics of the mateeahain
constant over all the size ranges, then the catmilevork index also remains

constant and expresses the overall resistancesahtterial to breakage as per
Bond’s law:

o

W =1ow[
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Differential Form of Crushing Laws:

The energy requirement during size reduction carepeesented in the
form of a differential equation is derived from theoposition that “the energy
necessary to cause a small change in an objed)sizeproportional to the
object size raised to the power
Mathematically:

dE = dx

Where:X = Object size.

dE = Infinitesimal energy requirement to bring abonfiritesimal change in
the object sizeqg.

C =aconstant.

dx = Infinitesimally small change in the patrticle <ige

N = Exponent of the object size whose value varEomling to the laws of
crushing.

Now, the total energy consumption can be calculatédy integrating
the above differential equation.

E = jdE = —Cj dx | for Rittinger's lawn = 2.

Solving forn = 2,

E:JdE:—CTg§

3E=Qm{1_ﬂ=K{l_1}
X, X X, Xy
For Kick's law, n =1, solving forn =1,
¢ dx

E=|dE=-C|—

I ; :
= E=cinXy) = Iog( )

Xl

For Bond'’s law,n = 1.5, solvmg forn = 1.5,

E:JdE:—CTd—X

:E_lscx -1y =ky( 1

11,
X, o x

44



Criteria of Selecting Comminution Equipment:

The choice of machine for a given crushing operatidll be affected
by the following factors:
1. Size of the product required (coarse, interntedia very fine) along with the
size of the feed.
2. Quantity of the material to be handled (inputpo capacity).
3. Physical properties of feed material to be cedshrrespective of the feed and
product sizes, the physical properties of the nadtender consideration are of
primary importance in selecting suitable crushinguipment. Hence it is
imperative here to discuss regarding the physicapgrties of the material in
more detail.

Significant Physical Properties of Feed Ore:
1. Hardness:

Hardness of the mineral affects the power conswunptind wear of
the machine. For hard and abrasive minerals lovedprachines developing
high compressive stresses are preferred.

2. Structure:

Normal granular minerals like coal, ores and rocam be effectively
crushed employing normal compressive and impactefr With fibrous
minerals it is necessary to effect tearing actionsize reduction. Hence knife
edge mills are widely used for asbestos and migartiinerals.

3. Moisture Content:

It is found that minerals with higher moisture cantt (5-50%) do not
flow efficiently. Under such conditions they tend tlog the crusher. Wet
grinding can be carried out satisfactorily on theseerals.

4. Crushing strength:

The power required for crushing is almost diregtipportional to the
crushing strength of the minerals.
5. Friability:

The friability of the mineral is its tendency tadéture during normal
handling. Crystalline minerals will break along ivééfined planes and power
required for crushing of such minerals will increass the product particle size
is reduced.

6. Stickiness:

A sticky mineral will tend to clog the equipmentstwould be ground in
a mill that can be readily cleaned.
7. Friction factor or Soapiness:

If the coefficient friction is low, usual crushingll be difficult. In such
cases size reduction can be carried out by empagipact or shear forces.
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8. Explosive mineral:

These mineral must be ground wet or in the preserican inert
atmosphere otherwise they may catch fire or explode
9. Mineral producing heavy dust:

Dusts are harmful for health so should not be albwo escape to the
atmosphere. Special crushing methods are to be ogegbl while crushing
minerals producing heavy dust.

Kkkkkkkk
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CHAPTER 3

PARTICLE SIZE DETERMINATION

Introduction:

Size analysis of various products of a crushingl minstitutes a
fundamental part of the laboratory testing procedut is of great practical
importance to make a correlation between the partiize and degree of
liberation. Further it is to be understood thattipke size has a great role to play
during reactions between solid - liquid or solidsgdlost of our extractive
processes, such as calcination, roasting, redyctiaddation and leaching
involve a solid and a gas or liquid phase. As tteegsses are diffusion control,
the particle size plays a very important role dgriifferent unit processes
Rapid and efficient working of roasters, smelténath flotation cells & leaching
tanks largely depends on the size of the benedidiare. So the product from
the crushing equipment is to be analysed for e $or all practical purposes.
Further the size analysis of the product is reguite evaluate the energy
consumption and the size reduction process it nemyuire for further size
reduction.

Particle Size & Shape:

The primary function of precise particle analysis to obtain
guantitative data about size and size distributibthe particles in the product
material. The shape of the particle plays an ingdrtrole in the size
determination. The size of a spherical particle bandefined uniquely by its
diameter. However, there is no unique dimensionwihych the size of an
irregular particle can be described. The term nuf&n used to describe an
irregular particle is the equivalent diametd).(There can be various shapes to
describe a particle as discussed below:

. Accicular: Needle like particles.

. Angular: Sharp edged polyhedrons.
. Crystalline: Particles of regular geometric sfmap

. Fibrous: Regular or irregular thread like péetic

. Dendritic: Particles having branched crystalBiricture.
. Flaky: Plate like particles.

. Granular: Equidimensional irregular shaped plzsi

. Irregular: Lack of any symmetry in the particles

. Nodular: Particles having rounded irregular €hap

10. Spherical: Globular particles.

© oo ~NOOhAA WN P
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Particle Size:

The crushed ore particles are generally irreguiahiape and it is
quite difficult to define the size of the particlaiquely. In case of spherical
particles, the diameter is the size. For cubestlyges, the long diameter or
diameter of a sphere of equal volume may be coresidas the size. But for
totally irregular particles there is no such staddanethod. So it is
impossible to define what is meant by size of thdiple.

Common Methods of Size Analysis:

Particle size is usually defined as the narrowegfular aperture
through which mineral particle passes through. Wylo this definition is
applicable to polyhedrons it is not valid for rdthped narrow particles. Particle
size can be determined by various methods as desicpielow in table3.1.

Table 3.1.Methods of Particle size Determination:

Methods Approximate size range
(microns) (1ym =10 °m )
Sieve analysis 100000 -10
Elutriation 40-5.0
Optical microscopy 50-0.25
Sedimentation(gravity) 40-1.0
Sedimentation(centrifugal) 5-0.05
Electron microscopy 1-0.005

L. Microscopic Measurement:

For measuring the particle size under microscopé customary to
sprinkle them on a slide and to measure their diane random directions or in
any two perpendicular axes within the plane ofaonsiln both the cases the
smallest dimension is neglected. For number ofiglast the dimensiorn; is

measured and tabulated as follows:

Number of observations X;
1 X1
2 Xy
n-1 Xp_1
N ‘le
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- — xX1+x2+x3+xpn-1t+x
Now average sizey = ~-—2-—-3—-n-1""n

n

2. Elutriation:

Elutriation is based on the fact that a particl# just be sustained in an
upward rising current of water or any other flufdthe velocity of the water
current is equal to that which the particle woulia when falling in still water.
This works on the principle of Stoke’s law of setil
3. Sieve Analysis:

This is the most important method of sizing the enah particles. This
is widely used to determine the efficiency of sieduction operations and also
used as a yardstick for assessing the finenessgrband product. As sieve
analysis has been the most important method of amdysis it has become
pertinent to discuss about the standard screesewes used worldwide for the
purpose.

British Standard Sieves:

In the British system a screen is designated wittumber callednesh
numberand the aperture of screen opening is termedesh size

Mesh number is defined as the number of squareingemvailable
per linear inch length on the screen surfatfethe screen has 4 openings per
linear inch length of the screen surface then teehmumber of the screen is 4.
Likewise we have screens of 20, 40 ... 200, 270ar@imM@sh number. When
mesh number increases aperture of the screen @pdeaneases and vice versa.
In British standard, aperture size of the successiveens varies with factfr .
However, it is better to indicate the screens wlihir aperture size rather than
their mesh number because screens with same meghenumay have different
aperture depending on the thickness of the wired use manufacture such
screens. This is an inherent problem associatdd v British standardization
regarding classification of screens. The above HeaWw of the British system
has been taken care of in the ASTM standardizatigrere a screen is
represented by its aperture rather than the meshbewu In the ASTM
standardization, screen openings are regulatetidoy yler mathematical series

where the opening of each successive screen usiaalfs with a factot/i .
Tyler Series and ASTM Standard Screens:

Tyler mathematical series is the most widely ussdnianufacturing
ASTM standard screens for sieve analysis. The ssraee made-up of bronze
brass or stainless steel wires woven into a sakh having square openings.
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In case of ASTM standard screens, the screen opeai@a of each
successive screen is either double or half the @frdee next screen in the series.
This implies that the aperture size varies witaedrv2.

The 200# screen has an opening ofuWidand the lowest screen
opening available in this series is|8@. This is because below this opening
fabrication of screens becomes very difficult. Bugre is no upper limit to the
screen opening size. The 200 # sievau(@is chosen as the reference screen in
the ASTM standard sieve series and relates bothMA&mMd British standard
screens. In the ASTM standardization, mesh nurdreges from 3- 400.

ASTM Standard Sieve Series:

Mesh Aperture || Mesh Aperture
Number | (in mm) Number | (in mm)
3 6.680 35 0.417
4 4.699 48 0.295

6 3.362 65 0.208

8 2.362 100 0.147
10 1.651 150 0.104
14 1.168 200 0.074
20 0.833 270 0.052
28 0.589 400 0.037

Sieve or Screen Analysis:

Screen analysis is the experimental method to whirter the average
size of the crushed product. The product from jgvary or any other crusher
is hardly uniform in size. In fact the product cisits of particles of various sizes
and it is impossible & impractical to know the siakeach product particle.
Hence, an average size of the product is deternbgesieve analysis method as
it proves to be the quickest and most reliable orbth
Average Size Determination for Large Sized Particke
1. For large sized particles having a diameter of fentimeters, it is better to
know the size ofeach particle and then average them out for cdloglaan
average size. A sample is taken from the bulk byirgp and quartering
technique and the sample may consist of 10, 2@0mparticles.
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2. Measure-out the dimensions of each particle iaglperpendicular directions
to reflect dimensions in the three co-ordinatesg/(and ¥
3. The data recorded for each particle is made in&bke as shown below:

Particle Dimension

Number : y Z| a
! X, Y. |z d,
2 X Y. | & E
3 X | Y| Z d,
4 X, | Ve | Z d,
10 Xo | Yio | Zo dyo

4. Then find out the maximum and minimuhvalue from the table.
If,d . /d, <1.5, use arithmetic, geometric or harmonic mean medttod

find out the average size of the product as ilatetit below.
d+d,+d +----d,

1C

a. Arithmetic mean diametef, -

b. Geometric mean diametet= y/q, x d, xd, - - - xd,
c. Harmonic mean diameted - * . 1 1 1
d _d, d, d, d
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5. If, d. /d,, >15 following methods are usually employed to calailat

the average size of the product:
a. In terms of specific surface argg: =d = 3 nd,> 1y n, d,’

n, is the number of particles under consideration ghis the diameter of the
particles.

b. In terms of total weight (W)d .. =d = w1y (wd,),

w, is the individual weight of each particle with dieter ¢, . Usually in

laboratory sieve analysis technique we use thensefarmula to evaluate the
average size of the product. This can also be fmefiher product in the same
d,. /d, ratowherey, representsthe weight fraction of the materidhw

average diametek .

Average Size Determination by Sieve Analysis:

Product sample of certain weight is taken alonthwtandard sieves.
The screens are arranged in the order of increasési nos. from top to bottom
with a pan at the bottom. The feed is kept in thedieve, After closing the top
screen, the entire set is kept in the sieve shalarhine and. the product is
allowed to be shaken for 15 minutes and then remho®asic method of
representing analysis data and typical analysis aa presented in the table 3.2
&3.3.

Table.3.2. Representation of Sieve Analysis Data:

Mesh Mesh opening  |Weight % retained | Cummulative weight %
No. | Dj (in mm) w; in gms. retaine®; .
8 1.651
Wl
10 2.350 A W x 100
W, + W,
14 1.651 w, 2T W2 w100
w
+ +
20 1.168 w, Wit W ¥ Ws 100
w
28 0.833 B
35 0.417 I —
48 0.295 T v —
Pan 0.000 wo=3Y w, wau x 100
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Table. 3.3. Typical Screen Analysis data Of Ball Mli Product:

Sieve opening | Mesh Yowt. Cum. %wt. | Cum. %wt.
(microns) No. Retained | retained passing
425 35 58 5.8 94.2
300 48 10.4 16.2 83.8
212 65 7.6 23.8 76.1
150 100 10.4 34.2 65.8
106 150 9.9 44.1 55.9

75 200 7.8 51.9 48.1

54 270 59 57.8 42.2
45 325 5.0 62.8 37.2

37 400 3.0 65.8 34.2

Simple and Cummulative Weight Percent Retained or &ssing:

Weight percent retained is the percentage of weighdined on a
particular screen basing on the original weight tbé sample taken. By
cummulative weight percent it is meant that thalteteight which would be
retained on a testing sieve or pass through the $ieonly one sieve were used
for testing the whole sample.

Example:
Let us imagine 10, 14, 20, 28# screens are ussttve analysis. Let

the weights retained on the consecutive screens vQew,,w, & w,
respectively. So the cumulative weight retained1d# screen isw, + w, .
Similarly the cumulative weight retained on 28#esur is:w, + W, + W, +Ww, .

Now the cumulative weight percent can be calculatetl by taking the total
sample weight used in the screen analysis proggsglot of cummulative
weight percent passing or retained against thetagesize is drawn as shown in

the figure 3.1.
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A quick & easy method of determining the average sif the product from
the screen analysis is the 80% passing size whittdicated in the plot 3.1.The
eight percent (80%) passing size is accepted astémelard size of the crushed
product universally unless otherwise stated. Thmndsrd condition may be
changed as per the requirement and is to be spedifi the buyer which may be
70 or 90% passing. This % passing means that at that percent of the
material would pass through on the specified siglien screened. This kind of
plots is most commonly used in mineral industries.

Screen Analysis Equipment:

For sieve analysis, screening is usually carrietlio a mechanised sieve

shaker called Ro-tap sieve shaker.
Ro-Tap Sieve Shaker:
Figure3.2.shows the Ro-tap machine schematicatlycohsists of a

movable cage with a bageand a top platé between which 13 half height or 7

full height sieves with pan and cover lid can beunted.
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The mounted sieves are subjected to rotary sbiftiotion while at the
same time the levet strikes the top plate once per revolution. Thigkistg
vibrates the screen cloth for better screeninginfeit switch with the motor is
used to control the time duration of screening. maehine is so designed that it

performs the most ideal screening operation withinspecified time period.
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CHAPTER 4
INDUSTRIAL SCREENING

4.1. Introduction:

By this time it has been clear that the screeninth@ crushed product
is quite important in a large scale. Screeningesgapes the bulk of the crushed
product into few fractions. This segregation is dfaial in many ways as
follows:

a. Properly sized or the required sized material limrged into the next
comminution equipments for further size reducti®roper feed size reduces the
overloading on the subsequent size reduction mastand increases the overall
efficiency of the comminution.

b. Properly sized material can be charged into thecess reactors such as
smelters, roasters or calcinators making the psogese efficient.

Till now screening has only been discussed on ar&bry scale but
for industrial need, the screening has to be chwigt in a much larger scale.
Thus large scale screening is termeéhdsistrial screeningvhich differs from
the laboratory screening practices in many wayss Important to know the
methods those are available and also the factorshwdffect the process of

industrial screening.

4.2. Purposes of Screening:

1. To prevent the entry of undersized materiaht drushing machines so as to
increase the capacity and efficiency of comminution

2. To prevent oversized material from passing ®rtbxt stage in closed circuit
crushing or grinding.

3. To prepare closely sized feed for next stagenitf operation such as gravity
concentration.

4. To prepare closely sized end product as pelifggion and requirement.
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4.3. Mechanism of Screening:

When a crushed product is kept on a screen songethiould pass
through &something would be retained on it. The ariat passing through
screen openings is known as under flow or undezdsiwhile the material
retained is known as over flow or over sized. Se Masic fact attached to
screening is the passage of under sized mater@aligh the screen. There are
several factors affecting this passage. The faetes
1. The absolute size of the screen openings.

2. The relative size of the particle to that of theegn aperture.

3. The percentage of open area available on thersogesurface.

4. The angle at which particle strikes the screesingace.

5. The speed with which the patrticle strikes the esoirey surface.

6. The moisture content of the material to be screene

7. The opportunity offered to each particle to h& #treening surface that is the
probability that a particle will hit the screenisgrface before it is taken away
by overflow.

4. 3. 1. Effect of Screen Opening Size:

The passage of undersized particles though eachirapés inversely
proportional to the screen aperture. This leadthéofundamental conclusion
that the other conditions remaining unchanged #pacity of a screen given in
tons per hour per sq. foot per millimeter screeeréire increases with increase
in screen opening size.

4. 3. 2. Effect of Relative Particle Size:

The relative size of the particle and the apertsime control the
passage of the particles through the screen. Laiged particles with larger
aperture get screened easily as compared to snsifled particles on finer
screens.

4. 3. 3. Percentage of Open Area on the Total Scrérg Surface:
If the total surface area is one square meter hadetare only few
openings on it then the quantity of screened nwdteiil also be quite less.
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If large numbers of openings are available onshme screen area,
automatically quantity screened would go up. Howehere is always a limit to
the extent of open area which can be available unér surface area of the
screen. This is due to the fact that the screemsnade up of materials such as
rods, wires & etc having definite dimensions. Thdseensions depend strongly
on the load that the screen is going to bear dustrgening operation. The
dimensions of the wire or rod increase with anéase in aperture size so as to
have better strength.

4. 3. 4. Angle at Which the Particle Strikes Screang Surface:

The crushed patrticles are always irregular in aize shape. Hence, the
angle at which the particles hit the screen surfa@xtremely important. A rod
like particle gets through an aperture which ideliabove its diameter if the
particle hits the screen surface with its long g@pendicular to the screen
surface. However, the same particle will not beeablpass through a screen of
larger aperture when the particle hits the scragmfiase with its long axis
parallel to the screen surface. Most efficient ssare obtained, when the

particles hit the screen surface at angle in thgeaf45— 60" .
4. 3. 5. Speed at which the Particles Strike the &&n Surface:

Speed of movements of the particle over the sceegface is also an
important factor in controlling the extent of sangw. It is important to note
that effective screening is zero when the speethefparticle is zero on the
screen surface. With an increase in particle spéeglseffectiveness of the
screen increases. However, if the speed is exadgdiigh the particle passes
off to the overflow before it gets a chance to pH#ssugh any particular
aperture of the screen. This implies that the plartjets very little scope to
pass through the sieve. Further the particle mownéaharing screening is also
quite important as it reduces the effect of ovediparticles trying to blind the
screen. If the screen does not vibrate properigay be clogged completely
by the oversized particles in the product and tfeze no screening would
take place. For effective screening, both vibratang circular motions are
usually employed simultaneously.

4. 3. 6. Effect of Moisture in the Feed:

When little moisture is present in the feed matdnabe screened, the

screening efficiency gets reduced enormously.
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In fact, it becomes impossible to screen them céffely. The
difficulty is due to the fact that, moisture trigsbind few smaller particles into
larger aggregates and such aggregates are largeglerio pass through the
smaller screen opening. It is found that eithealtptdry or wet pulps can be
screened with relative easiness.

4. 3. 7. Probability Effect:

It is of utmost importance that each particle igegi an opportunity to
strike the screen surface so as to get screentm pass-off to the overflow. If
the particle is given 2, 5 or 8 chances of strikimg screen surface, it can always
be qualitatively pointed out that probability ofsening is increased when more
and number chances are given to the particlegeceict with the screen surface.
4.4. Screening Surfaces:

Screening surfaces are the surfaces through whickesing takes
place. Screening surfaces are categorised accorinthe mode of their
manufacturing classified as follows:

4.4.1. Parallel Rods:

Such a surface is usually made-up-of steel bails, chhannels and etc.
It can also be made from wood and bamboo.
4. 4. 2. Punched Plates:

The surfaces are punched steel sheets or plateariofus patterns.
The openings are normally circular, rectangularggenal and slot like.

4. 4. 3. Woven Wires:
The screening surfaces are woven carefully by ghwgiees. These

wires are generally made up of steel, bronze, aogpenonels. The screen

surfaces are shown schematically in the figure 4.1.
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4. 5. Types of Screens:
The screens are classified as:
1. Stationary.

2. Moving.

4.5.1. Stationary screens:

These screens are of limited use but are notlyotddsolete. These
screens are grizzlies. They consist of parallesyddrs or woven wire mesh set
at an angle to the ground. They have heavy scrgesunfaces. The bars are
usually held together at right angles to their terand are spaced at the desired
distance sleeves on the bolts. They are usuallylmg@ in case of coarse
crushing. A slope is generally provided so thatrtegerial fed onto the screen
surface would roll down facilitating better scremmi A typical stationary grizzly
is shown in the figure 4.2.The major disadvantafehs type of screen is
clogging Rails are used under severe service conditiokts @yienings greater

than five (5) inches.

4. 5.2. Moving Screens
1. Moving grizzlies.
2. Trommels or Revolving screens.
3. Shaking screens.
4. Vibrating screens.
4.5.2.1. Moving Grizzlies:
The grizzly is made up of rods and bars but hawvements as

compared to stationary grizzly.
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In moving grizzliesalternate bars or rods alternatively rise and sighsio that
the feed material move forward gently with suffitig¢urning over. There are
different grizzlies such as:

a. Moving-bar grizzly.

b. Chain grizzly.

c. Travelling grizzly.

d. Disc or Roller type grizzly.

e. Vibrating grizzly.

f. Shaking grizzly.
4.5.2.1.1. Advantages of Grizzlies

a. Low floor space is required for installation.

b. They act as feeders to intermediate crushers.

c. Result in better screening than stationary sree
4.5.2. 2. Trommels or Revolving Screens:

Revolving screens or Trommels have been used miakelywthan any
other type of movable screens but recently theyelmen replaced by vibrating
screens. Trommel consists of rotating cylindricgkismatic, conical or
pyramidal sells of punched plates or thick woverewi A trommel has one or
more shells which are arranged in a concentric manhen the trommel has
only one shell, it is known as simple trommel. Wittore than one shell it is
known as compound trommel. In case of compound rirelm screen opening
aperture) gradually decrease from the innermostescto outermost screen. The
trammel is commonly 3 - 4ft in diameter and 5-1@ftlength. The Shells lire
driven by a central shaft attached to them by 8 armed spiders. The material
to be screened is charged into the inner most smell is made to flow out
peripherally. When the trommel is rotated by thetiad shaft the material inside
starts revolving and gets screened. The under simgérial comes out of the

trommel all along the periphery & oversized matet@mes out at the other end.
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Central shaft of the trommel is made to inclinedtbe horizontal to
facilitate automatic flow of the material from oeed (feed end) to the other end
(discharge end) due to force of gravity.Cylindritaimmels outnumber all other

types of trommels. Figure 4.3 shows a typical trahschematically.

Compound Trommels:

Compound trommels have two or more concentric singesurfaces
on the same shaft. The coarsest is the inner mbie whe screen apertures
reduce successively from inside to outside. Theywsed when several short-
range products are desired from a single long-rdege and the floor space is
limited. There may be conical and prismatic tronsrmit cylindrical is the most
common one.

Advantages of Trommels:

1. It requires smaller floor space

2. It has a larger capacity per unit screening.area

3. Itis cheap to operate.

4. Several fractions are obtained in one go.

5. Screening operation is quite efficient, canizgiboth wet and dry screening.
4.5.2.3. Shaking Screens:

It essentially consists of a shallow rectangulax tdnere the length is

at last 2- 4 times the width. It is open at one and is fitted a screen bottom.
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It is shaken by means of a suitable mechanismed&pope and length of the
stroke should be adjusted to produce rapid stratifin of the feed with a
forward motion so that minimum blinding of the semesurface is resulted. It is
widely used in case of screening of coal. It logksy similar to the vibrating

screen.

4.5.2.4. Vibrating Screens:

Vibrating screens are recent development and haage most of the
other screening practices obsolete. It is essgntafat plane screening surface
made from punched plates or wire woven which iuset rigidly on a steel
frame. This frame is attached to certain mechardgalice which imparts a
reciprocating up and down motion to the screemédirection either normal to
the screen surface or at a high angle to the s@wdace. These screens can be
driven electrically or mechanically. The particlggssing through the screen is
the under flow and particles retained on it areclthsged as overflow
continuously at the other end.

4.6. Multi Deck Vibrating Screens:

When only one screen is used in the vibratinggsétis called single
deck vibrating screen. But similar to compound tnoeh multiple numbers of
screens can be used in the set up. Then it witdlled a multideck vibrating
screen. In case of multideck vibrating screen abemof screens are used one
over the other, fixed rigidly to the main frame.€eThoarsest screen is at the
upper most position and the finest screen is abtittom most position. So by
using this technique we get number of over sizetera fractions on each
screen. Sometimes the vibrating screens are placed inclined fashion so as
to facilitate automatic discharge utilizing theural force of gravity.

4.7. Advantages of Multideck Screens:

I. It requires minimum floor space.

2. It operates continuously.

3. The problem of screen blinding in this screeless.

4. The screen surface can be repaired easily ceupartrommels.
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4.8. Disadvantage of Multideck Screens:
1. There is heavy wear of screen cloth or matérigibratory screens.
4.9. Comparison between Shaking & Vibrating Screens
1. Shaking screens have number of advantages owst af the vibrating
screens in terms of cost of operation& installation
2. Shaking screens can be set almost flat duriegation.
3. But they are more prone to heavy wear and requiore frequent and
expensive repairs compared to vibrating screens.
4.10. Operating Characteristics of Screens:
The operating characteristics of any industria¢éeorare:
a. Capacity.
b. Efficiency or performance.
c. Operating cost.
4.10.1. Capacity:
Capacity of the screen depends upon:
1. The area of the screening surface.
2. The size of the opening.
3. Characteristics of the ore such as specific igramoisture contents,
temperature, proportion of fines particularly slioreclay in the product.
4. Type of screening mechanism used.

Capacity and efficiency are interrelated upto dipalar extent. If the
capacity is to be large, the efficiency has to ds. lIf the efficiency is to be
improved capacity has to be sacrificed. Becausthefdirect dependence of
screening capacity upon the area of screening cauréand upon the screen
aperture, it customary to express the capacithéntérm of tons per square foot

per millimeter screen aperture per 24 hours.
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A comparison is made regarding capacities of wariandustrial

screens in the table 4.1.

Table 4.1. Capacity Comparison of Various Industrid Screens:

Type of Screen | Capacity Range
(Ton/sq.foot area/millimeter aperture/24 hi.)

Grizzly 1-5
Trommel 0.3-2
Shaking 2-8
Vibrating 5-20

4.10.2. Performance or Efficiency of Screens:

It is difficult to quantify the screen efficiencyAccording to
mechanical engineering efficiency is defined asr#tt® of energy output to the
energy input during execution of a particular wdskit in case of screens the
efficiency that is measured is not the mechanidtiency in exact sense.
Screen efficiency defined here isnaeasure of effectiveness of the screening

operation as compared to a perfect screening ojpamat
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Let us imagine a screen receives a fee@ ahd produce€ &U as
overflow and underflow respectively. Referring ke tfigure 4.4 the percentage
efficiency of a screen is expressed mathematiceailfollow:

F=C+U
Ff =Cc+Uu, where,f, ¢ & u are the fractions of oversized material in the

feed, overflow and underflovespectively. They are determined by sieving a
representative sample from each fraction in theoratory. Applying the
principle of mass balance we have:
FA-f)=C@-c)+U@-u)

C_f-u_, U _c-f

Oor,—= & —=
F c-u F c-u

Hence, the recoveries of oversized material inteest overflow:

Co_c(f-u)_____ 0
Ff  f(c-u)

Similarly, the recovery of undersize material istween underflow:

U@d-u) _ @-u)c-1) L
Fa-f) (- f)(c-u)

--(

Hence the overall efficiency of the screen in dfasgion:

c(f —u) . @-u)(c-f) _ c(f —u)@-u)(c-f)
f(c-u) @-f)(c-u) f(c-u)*@-f)

Assuming that there is no oversized material inuhderflow, u = 0we have

efficiency, g= €= _____ -
cl-f)

This equation is widely used to calculate the &fficy of the screen
and implies that recovery of coarse material indkierflow is 100%. Another
equation which is also used to calculate the efficy is:E = 10000U /uF ,
where,U is the tonnage passing through the screen for Eaohnes of feed
is the percentage of undersize material in the teedbtained from laboratory

screen analysis.
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4.11. Operating Cost of Screens:

The operating cost of screens is small. For statip screens, power
cost is nil but there are other costs like attehdeplacement and repair. In
addition to these costs moving screens have afooghe power consumed

during their operation.

*kkkkhkkhkk

67



CHAPTER 5
MOVEMENT OF SOLIDS IN FLUIDS

5.1. Introduction:

The movement of solids in fluids plays an importasie in various
classification processes such as gravity concémtraheavy media separation,
jigging, tabling, thickening and filtration. Hendeis extremely important to
know how the solid particles behave in fluids.

5.2. Fluid Resistance & Terminal Velocity:
When a solid particle is immersed in a fluid asvehan the figure5.1 it is
acted upon by the following forces under the caadibf rest:

1. Gravity forceFy =mg

2. Buoyant forceg, = mg, which is equal to the weight of the fluid dispdc
by the solid body.

The gravity force always acts downward while theoyant force
always acts upwards as shown in the figure. Thisadsper the classical
Archimedes' principle. This is true as long as bb#hobject and fluid are static
or there is no relative motion between the partioid the fluid. Hence, the net

force acting on the body under the condition of tress:
F,=Fy—F, =mg-mg.

If, F,>F,. the solid particle starts moving down in the dlwiolumn
and ultimately settles to the bottom of the vessel.
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Similarly, If, F, <Fy the solid particle floats on the surface of the
fluid.

Once there is downward movement of the partidative to the fluid
medium, the situation with regards to the forceingcon the particle changes
and a new forceR starts acting on the particle in addition FoandF, already

acting on it. The new force is termed as fln@ resistance or viscous foran
the particle settling in the fluid. This force alygaacts in a direction opposite to
the direction of settling. These forces are shoghrematically in the figure5.2.

Under the condition of particle settling in theifluthe net force that works on
the particle:
F,=F,-F,-R=mg-mg-6mur
Where,R = 671 1v .
Hence, as long ak,, >0, the particle would continue to accelerate down to

settle. This suggests that the velocity of the igartwill increase steadily
starting from zero as it starts to settle. Logigathe settling velocity of the
particle cannot increase indefinitely. This is daethe fact that, as velocity of
the particle increases the fluid resistance fogces 6 7 rv working on it

also increases correspondingly. Hence, a situatiould be arrived where the
downward gravitational force would be exactly bakh by the fluid resistance
force and the net force on the particle would bez&nder this situation the
particle would accelerate no more rather it woutdrtssettling down at a
constant velocity till it reach the bottom of thkiid column. The constant
velocity at which the particle settles in a fluisl termed agerminal velocity

(V)-
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5.3. Determination of Terminal Velocity:
Let us consider the following parameters with relgao the settling of
a spherical particle in a fluid (ref.fig.5.2.):
r = Radius of the spherical particle.
p, = Specific gravity of the spherical particle.
p; =Specific gravity of the fluid.
u = Viscosity of the fluid.
g = Acceleration due to gravity (980cm/8gc
Applying the second law motion to the falling sphén a fluid we have:
F,=F,-F,-R=mg -mg-6murVv
(- Massx Acceleratin = X Force9

The above equation takes the form:

mﬂ:mg—m'g—R

dt
4 dv 4
or,—mp —=—m(p, - - 67ur
37 Py 37T(pp p)9 — 6rurv

(- gnrsis the volume of the sphere).

Dividing both sides of the equation lﬁ/'ur p
3 P

pp - pf 9
)9 - ;
P, 2p,1
The terminal velocity is achieved when the net doacting on the particle is
zero. This statement implies:

mil:O
dt

We have:ﬂ =(

oy

dv .
Hence,d— =a =0, as mass of a particle cannot be zero.
t

Now,dv Po = P 9

—=0= - Vv
dt ( pp )g 2ppr2/‘lt
or, (22— Pryg = 9 — UV,
2r3(p. -
or, v, = (P, ~p1)9
u

This equation is calle8tokes’s law of settling or terminal velocity,
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5.4. Validity of Stoke's law:
Stokes law is highly theoretical in nature assurttes following
parameters during its derivation. The assumptioas a
1. The particle settling in the fluid is completsiyherical.
2. The container walls do not affect the settlifghe particle.
3. The fluid does not interact with the particleher chemically or physically to
affect its settling.
4. The presence of other particles does not atffrecsettling of the particle.

If the particle is settling under the above ctinds then it is defined
asfree settling Hence Stoke’s law of settling is only valid famaller sized
particles within the laminar or viscous flow conalit (the velocity of settling is
low). Stokes law is accurately verified for sphenéguartz less than 50 microns
in diameter. For higher velocities and larger piatisizes Stoke’s law fails to
predict the terminal velocities. The settling ofrtides under stokes’s law
condition is termed asee settling For any other condition the settling is known
as hindered settling.

5.5. General Principles of Free Settling:
1. Specific gravity:
Of the two particles of same size, having differgpecific gravity, the
particle having higher specific gravity will setfiester.
2. Size:

Of the two particles of same specific gravity, theger one will settle

faster.
3. Shape:

Spherical particles settle faster than narrowg land flat particles.
4., Specific gravity of the fluid:

In two different fluids of different specific graies, the particle will
settle faster in the lighter fluid.
5.6. Hindered Settling:

When many particles are present, there is a mintmiference in the
motion of particles and the velocity of motion snsiderably less than that is
computed under free settling condition. Settlinglemsuch a condition is
termed adindered settling.

5.7. Newton's law of Settling:

Under Stoke's law, the conditions are highly id@adl practically not

feasible.
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For example, when a particle moves in the fluids ibound to create
some turbulence and the following activities ararbto take place.

a. There must be interparticle collision and muto#ilences.
b. There must be some effect of wall on the particbvement.
c. The shape of the particle can never be tot@hescal and the shape of the
particle has a strong effect on the settling speed.

Taking all the above factors into account, Newtas Iprovided a
modified equation for determining the terminal ey under turbulent
condition:

' _\/ig(pp—p')rp
t .
0 P

Where Q =Coefficient of fluid resistance which varies withet shape of the

particle and orientation of the particle to theedtion of relative motion. For
spherical minerals in watep is about 0.4 if , > 020cm.

To sum up:

For the viscous or laminar flow the terminalogity varies as the square of
particle diameter and in turbulent flow it varies the square root of particle
diameter.

v¢ Or; for viscous flow.

v, O \/Efor turbulent flow.

5.8. Pulp or slurry:

When tiny particles are added to the fluid in &rguantity they get
suspended in fluid and form a pseudo fluid withagaparent specific gravity.
The apparent specific gravity of fluid is higheaththat of pure fluid. Such a
fluid is known as slurry or pulp. In such cases specific gravity of the fluid
medium must be replaced by the specific gravitthefpulp (slurry) to find out
the terminal velocity under turbulent flow (Newtenfaw) condition. Hence,
terminal velocityunderhindered settlingondition:

8 o ;
v = —QM, where p is the specific gravity of the slurry in
Ko o'

place of specific gravity of the pure fluigb().
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5.9. Equal Settling Particles:

The particles are said to bgual settlingf they have the same terminal
velocities in the same fluid and in the same figldorce. Thefree settling ratio
(F.S.R is calculated by applying Stoke’s law as follow:

_2n (P - P9 v = 2r,(p,, —- P4
ou

t1

9u t2
Or, r12(pp1_pr): rzz(ppz_pr)

1
FSR = R, = P~ Pi _|Pm”P: |, where, p, & p,, are the specific
P2 = Pi P2 = Pi

gravities of the two particles respectively ajpq is the specific gravity of the

fluid. Similarly the hindered settling ratio carsalbe deduced as:

wm
HSR= R, = [M] , Where ,0" is the specific gravity of the suspension
pp2 - 10

rather than the pure fluid an&, is the hindered settling ratio amd is the

exponent whose value varies betwgérl/2.
( Newton) 1> m > 1/2 (Stokes).

The concept ofree and hindered settling ratidfSR & HSR can be
employed suitably in classifiers to segregate glaiaccording to their size and
specific gravity.

5.10. Application of F.S.R and H.S.R in classifications:

Let us imagine two different minerals different specific gravities
are in a mixture form and they are to be segregadquer their specific gravities.
Simple screening technique cannot segregate thtezanlonly provide uniform
sized particles in a close size range. Then théoumly sized particles are
allowed to settle freely in a long column of wat&hough the particles are
almost of equal size, they will have different tarat velocities due to the
differences in their specific gravities (Stokes Jaw

Let us consider two particles having specifiavifies 5.0 and 2.0 respectively.
When allowed to settle freely in water medium tpegvide aFSRunder Stokes
law.

1
FSR:Rf: ppl_pf :[50_10:]2:20
\/,opz -0, 20-1.0

This means the heaviparticlel settles at a speed twice faster than the
lighter particle2 and the faster moving particles will settle at the boitfirst
followed by the comparatively lighter particles. iFhHeads to layering of
particles according to their specific gravities.
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If the settling takes place under Newton’s law ditian, the effect
becomes more pronounced as seen from the calgulagiow:

HSR = R, :{ppl-p }_ 50-10 _

p,-p | 20-10

This suggestparticlel settles four times faster than tparticle2 at
similar sizes. In other words this means that &giptarticles of dimension four
times that of the heavier particles will settle &ltyu This further suggests if the
lighter particle is twice the size of the heaviartgle they would settle to the
same layer. Hence, the size distribution rangeheffeed particles should be
kept below 2.0 for clear-cut segregation of paggadnto different layers during
settling. FSR or HSR reflects the maximum sizeritistion range of the feed
material that can be treated efficiently in a giytéink. Under such condition if
closely sized feed is allowed undergo settling itl wertainly result in
segregation of heavier and lighter particles inffecent fractions as different
layers. This is basic principle of classifying ssliunderhindered settling
condition.

Examplel:

Consider a suspension of sand-water. The appamgatific gravity of
the suspension is 1.66 in place of 1.0 for pureewdn the suspension two
particles of specific gravities 5.0 & 2.0 are allew to settle.The hindered
settling ratio HSRwill be:

10

HSR = Ry :{ppl-p }: 50-166 _ 334 _

p,,-p | 20-166 034

This implies that classification is much more efifee and efficient under
hindered settling conditions compared to free isettlas settling ratio is
enhanced.

Example2

Consider a suspension of sand-water containing 40% and 60% water
by volume. The apparent specific gravity of thispgmsion is 1.66. In this
suspension anthracite coal is treated for clasaifim. Compare the said
classification with classification in simple watdgxplain which one is better.
(The specific gravities of pure coal & sand pasichre 1.7 and 2.65
respectively.)

In the suspension the hindered settling ratio &65 - 1.66 F - 497

1.70 - 1.66
This indicates that the slate like materials (spadicles) in the raw feed would
settle at speed 4.97 times faster than the gooll paéicle leading to more
distinct separation.

74



1

If plain water is used for classification thisioatvill be, {MF =154
170-100

only. This implies that sand-water suspension doesuch better job than the
plain water. The effect of hindered settling isdige all gravity concentration
processes.

5.11. Classification:

Classification is a process by which particles afiaus sizes, shapes and
specific gravities are separated into separatepgroy allowing them to settle in
a fluid medium. The coarse and heavier grainsesédtiter than the finer and
lighter grains. Usually, air or water is used as flnid medium. Classification
may be regarded as a mineral beneficiation prooased primarily on Stokes’
law of sedimentation.

5.12. Factors affecting classification:
1. Specific gravity:

For particles of same size but different specifiavities, the particle
having the highest specific gravity will settletizst than any other particle.
2. Size:

For particles of same specific gravity but differsizes, the largest one
will settle fastest than any other particle.
3. Shape:

Spherical particles settle faster than the narrpdanger and flatter
particles.
4. Specific gravity of the fluid:

In fluids of different specific gravities, the piate will settle fastest in
the lightest fluid.
5. Air bubbles:

Adherence of air bubbles to the solid particlesuMtodecrease the
settling speed.
5.13. Classification versus Sizing:

Classification differs from pure sizing operatiortwo ways:
I. Classification is only applicable to finer sigarticles.
2. It separates particles on the basis of theiciiparavities.

5.14. Desirable Conditions for Classification:

The most desirable conditions for classificatiopeted on the subsequent
use of the classified product. If the classifieddarcts are to be concentrated
subsequently by tabling, it is most advantageousniphasize on the effect of
difference in specify gravities of the mineralsshbrch a case classification is not
strictly a sizing operation but rather a conceimgabperation.
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This type of classifications is known as Sortifigne solid contents may
range from 40-70% by weight in the total suspensi®he machine or
equipmentised for classification is termed @assifiers

If classifier's only objective is sizing, the effeaf differences in specific
gravities should be minimized as much as possiblés is accomplished by
approximating free-settling conditions in a diluseispension. The dilution
ranges from 3-4% of solids by weight of the totaigiht of the suspension. If
sizing is attempted in the very fine size range, afsdilute suspension offers the
advantage of increased settling rate and decre@setbncy for flocculation.
Although dilution is metallurgical advantageous fiare sizing, it is costly as it
requires use of large quantity of water for eaciweight of solid handled.
5.15. Classifiers:

Basing on the above discussed ideas, classifierbraradly classified into
three categories:

1. Sorting classifier It uses a relatively dense aqueous suspensidheauid
medium for classification.

2. Sizing classifier It uses a relatively dilute aqueous suspensiothasfluid
medium for classification.

3. Sizing classifierslt uses air as the fluid medium for classificatio

5.15.1. Sorting Classifiers:

Hindered settling takes place in sorting classsfidihe separation achieved
by sorting is a sizing operationmodified by specific gravity & shape of the
particle. It is usually applied to coarser produ&sdense suspension of 40 -
70% solids by weight is used depending on spegifiwity, size of the particles
to be sorted. The usual types of sorting classifiee:

a. A simple launder classifier or Evans' classifier.
b. Richard's hinder settling classifier.

¢. Richard's pulsator classifier.

d. Hydrotator classifier.

5.15.1.1. Evans Classifier:

Evans' classifier consists of a sloping laund&r,Opening to this
launder several rectangular boX@€ are attached. To the rectangular boxes
spigots,O are fitted which are capable of discharging oupeRiare suspended
from a main water pipeline into the rectangularémXWater is introduced into
the boxes through these pipes and the flow is obhett by valve F.
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The working of this classifier is quite simple. Agter is introduced
into the boxes, faster settling particles are disgbd out through the spigot and
slower settling particles overflow &t to the next box in the launder. Baffl&s,
are fitted to the launder to restrict the returrpafticles to the same box from
where they have been taken away as overflow. Depgngon the number of
rectangular boxes & spigot attached to the lausdeeral products are obtained.
Water flow rate in each successive pipe is redusethe sizes of the particles
settling get reduced successively.

5.15.1.2. Richards Hindered Setting Classifier:

It is a modified version of Evans classifier. listblassifier, cylindrical
sorting columns replace the boxes of the Evanssifiais More interestingly
water is introduced into the cylindrical sortinglwon from below through
radial or tangential ports. Richards Pulsator di@sds characterized by the use
of an intermittent or pulsating upward current olter designed to make

settling totally hindered.

Fig.5.4. Richards Hindered Settler.

5.15.1.3. Sizing Classifiers:

Sizing classifiers utilize free settling conditiotaseffect sizing as much
as possible being unaffected by specific gravitghape of the particles. These
classifiers do not require any additional waterides that is present in the
suspension undergoing classification. Sizing clessinay be subdivided into:

a. Settling conekaving no moving parts and
b. Mechanical classifierbaving moving parts.

They may use water or air as classifying mediurasS€ifier using air is
known aspneumatic classifiewhere the settling speed is around 100 times
faster as compared to the settling speeds in whssifiers.
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5.15.1.4. Settling Cones:

Settling coned are conical sheet metal shells afibx at the bottom
and a peripheral overflow launder at the top. Feetharged through the central
cylindrical bottomless pipe as shown in the figbrd to prevent the bypassing
of the feed to the overflow. Spigot at the bottofhthe conical shell discharges
the sediment. A gooseneck pipe of adjustable haglprovided to guide the

sediment away from the tank.

Fig.5.5. Settling Cone

5.15.1.5. Allen Cone Classifier and its Constructim This is mechanical
classifier as it involves moving parts. The maiffedlence between Settling &
Allen cone is the automatic discharge of the cfeeskimaterial in case of the
later one. The shape of Allen cone classifier igegsimilar to that of settling
cone. A float,F is situated within the cylindro-conical shell,which surrounds
the feed shellA. The baffle,B is working against a spring to keep the spidot,
closed. When the level of sedimeBtrises sufficiently in the cone, it prevents
the passage of pulp from the feed sheltp the body of the classifier. Then the
float is raised and it opens the spigot allowingctliarge to take place
automatically. Discharge will continue until theodk is brought back tits
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predetermined initial position. The effect will same when density is raised.
The discharge will continue until the density istght back to the initial level.
The density is regulated by a mechanical weighadjustment.

5.16. Performance of Classifiers:
1. Capacity:
The capacity of a classifier is directly proportrio the following
variables:
1. Cross- sectional area of the sorting columns.
2. The raising velocity of the fluidvater or ain in the sorting columns.
3. The percentage of solid in the classifier intakéeed.
4. Specific gravity of the solid.

The capacity of the classifi€ (tons of solids per hour) is expressed by
the formula:
C =aAv)p where,

A = The cross-sectional area in square feet.
V = Upward velocity or fluid feet per minute.

V= Percentage of solid by volume
P = Specific gravity of the solids.

a is a constant = 1.875 to obtathin tons per hour.
EXAMPLE:
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Cross-sectional area of classifier is 10sd-fie rising velocity of the
fluid in the sorting column is 1.5 ft/min. The sbitontent of the suspensions is
8% by volume. What is the capacity of the classifighe specific gravity of
solid is 2.65?

Solution:

C = aAv)p (tons/hour)
Now, @ = 1.875 (a constantp = 10sq.ft V = 1.5 ft/min,
Y =8/100=0.080 = 2.65

Using the values of different parameters in theaﬂ'un = aAvy,o we
have:

C = aAv)p = 1875<10x15x 008x 265= 596ton/hr.

2. Efficiency:

It is difficult to quantify the efficiency of thelassifiers. However the usual
methods consist of screening of the classifier ftmer & underflow and then
c(f -t)
f(c-t)’
efficiency expressed in percentagef, t are the content of mindémesh{X #)
material in theoverflow, feed & underflowespectivelyX being any size such
that neither cnor t or fis zero. But many metallurgists do not agree tg thi
efficiency €) calculation. The point of objection is that, drse feed is by-
passed to the overflow the efficiency increasesrttecally but practically there
is no increase in the efficiency of the classifidence, it has been proposed to

calculate the efficiency using the formul&:=100x where,E is the

use: g = 10000(c - f)(f ~=t) ¢ f & t have the same meaning as discussed
f 00 - f)(c—-t)

before. This formula expresses efficiency as arati percentage basis of the

classified material in the feed. It gives a lowatue than the previous formula

and more practical. The efficiency of classificatianges from 50 - 80%.

3. Cost of operation:

The cost of classification is strikingly less excéyr fine sized material. In
large plants total cost of classification is arolRel 15 per ton, but this depends
largely on capital and inventory cost.

5.17. Cyclone Separator or Hydrocyclone:

This is a continuously operating device that zei§i centrifugal force to
accelerate the settling rate of the particles. Tais proved to be an extremely
important and efficient classifier for fine matdsien the range of 5-150Mm.

A typical hydrocyclone consists of a conically pbd vessel open at its
apex or underflow. The conical vessel is joinea fwylindrical section having a
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tangential feed inlet. The top of the cylindricalcgon is closed with a plate
having an axially mounted pipe for overflow. The@is extended into the body
of the by a short, removable section known asvtiteex finderwhich prevents
the short-circuiting of the feed directly into tbeerflow.

Fig.5.7.Schematic Hydrocyclone

5.17.1. Working of a Cyclone:

The feed is introduced to the cyclone under presshrough a
tangential entry port. This tangential entry impastvirling motion to the pulp.
This generates a vortex in the cyclone with a lowspure zone along the
vertical axis. When particles are introduced irite tyclone they are subjected
to two opposing forces such as:

1. An outward centrifugal force and
2. An inward drag force. These two forces actimgufaneously on the particle
are shown schematically in the figure 5.8.
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The centrifugal force accelerates the settling @& the particles and
there by separate the particles according to thiegs and specific gravities.
Faster settling particles move to the peripherdl whithe cyclone where the
velocity is the lowest and migrate to apex openibige to the action of the drag
force, slower settling particles move towards teate of the cyclone, a low
pressure zone, and are carried upward throughdtiex/finder to the overflow.
Heavier particles move towards the periphery whike lighter particles move
towards the centre of the cyclone.

5.18. Cyclone Efficiency:

The common method of representing the cyclonecieffcy is
commonly represented byperformance or partition curvelhe partition curve
relates to the weight fraction or percentage otheparticle size in the feed
which reports to the underflow. The cut-off point separation size of the
cyclone is defined as that point on the partitiamve for which 50% of the
particles in the feed of that size report the ufider This means particles of
this size have an equal chance of going either thighoverflow or underflow.
This point is usually referred to as tigg, size. Similarlyd,; and d ,; points

are found out. Now the efficiency of separationngperfection) is given by:

doss —dy -
2d,

5.19. Classification as a Means of Concentration:

Classification is merely not a sizing or sortingeogion. Sorting
operations along with gravity concentration hasobpee a very important
method of concentrating ore. This can be done ways:
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1. If the valuable constituents of the crushed oeeiarone size range and the
waste in another size range.

2.The settling can be crowded enough for stratifiratto occur (when both
valuable mineral & wastes have similar size)as ther theory of hindered
settling .In this case the lower stratum consigtedvier minerals and the upper
stratum consist of lighter minerals.

5.20. Separation of Very Fine Sized Valuable Mineta from Coarse Waste:
(Technique of Flocculation & Dispersion)

Silicate minerals occur in clay in an extremelyefstate, contaminated
with coarse impurities like quartz, pyrite and mida separate the fine clay
portion containing silicates the whole mass isat=fulated initially followed by
sedimentation of residue (quartz, mica & etc.).tfver the washed clay in the
overflow of the classifier is then flocculated fmMed by thickening and
filtration.

5.21. Flocculation:

The opposite meaning of flocculation is dispersiora dispersed state,
the crushed material is in a suspended state daddasettle down regardless of
the settling time used (similar to colloidal sodut). But the same pulp can be
conditioned in such a fashion that, few particles come together to form
flocks of larger size with appreciable weight tottlse down. So the
physiochemical process which increases the tendehaydividual particles to
form floes and then settle down is known as floatiah. The reverse of this
process is known ateflocculation

5.22. Basic Phenomena associated with the Slime Gah:
1. Selective attachment of ions:
This will promote dispersion as it causes ion cedeparticles to repel

each other.
2. Brownian movement:

Erratic and spontaneous movement of fine partitlea suspension is
known asBrownian movement
It is attributed to the bombardment of fluid molk=uon the solid particles
having ionized surfaceBrownian movemerns the fundamental reason of
flocculation or dispersion to occur.

5.23. Natural Tendency for Surface Energy to Chang® Kinetic Energy:
Flocculation of discrete particles reduces therfatgal area, and the
surface energy. It is in accordance with secondditihermodynamics and may
therefore be expected to occur spontaneously. &lation can be induced by
the addition of electrolytes. In dealing with thegatively charged dispersions
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cation of the electrolyte is more important andeviersa. Lime is the best all
round agent. Its effectiveness is often increasediimultaneous use of starch.
Other flocculating agents include,$0, and ferric alum. A large number of
high molecular weight, water soluble, solid polymare also available as
synthetic flocculants. Similar to flocculation pesfy chosen quantity of an
electrolyte can also disperse the suspension. Mdfective reagents like
cyanides, alkali silicate, carbonates, sulphidgdrdxides, glue and gelatin can
also be used for dispersion.

Kkkkkkkkkkk

CHAPTER 6
HEAVY MEDIA SEPARATION

6.1. Introduction:

If a fluid is available whose specific gravity istérmediate between
two solids which are to be to separated, then dribeosimplest process will be
to suspend the mixed mass in that fluid. As per tdvbuoyancy, one of the
solids will float at the top of fluid level whilehé other one will sink to the
bottom of the vessel. Then a mechanical arrangemiinbe required to draw
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out different products from the top and bottomhw vessel. A typical example
can be the separation of wood chips from gravebod using water medium.
6.2. Principle of Heavy Media Separation:

The basic principle involved in the gravity concetibn process is the
‘Float and Sink’. This is carried out by using ail whose specific gravity is in
between the specific gravities of the two mixed ramerals particles in the
crushed ore. Since most of the minerals are hedlvéar water, water is not a
suitable fluid medium for practicing ‘float and kirmethod of separation. For
this process to be effective fluids heavier thateware required. The figure 6.1
explains the basic principle involved iMS.

Fig.6.1. Scheme of heavy Media Separation.

6.3. Laboratory Grade Heavy Fluids:

Most of the heavy organic liquids are used as hdmigts and can be
used only on a laboratory scale to assess the optiseparation obtainable by
gravity concentration. One of the most useful hefluids is acetylene tetra
bromide whose specific gravity B96. This fluid can be diluted with carbon
tetra chloride with sp.8 of 1.59 to yield a seradsfluids with a sp.g varying
from 2.96 to 1.59

Another group of useful fluids of low specific gity is the agqueous
solution of zinc chlorideAnCl,) and calcium chlorideGacCl,). High cost of
laboratory heavy fluids precludes their employmianhdustrial applications.

6.4. Industrial Grade Heavy Fluids:

For industrial application pseudo liquids can bepared by suspending
solids in water. These fluids can be used almast tiue liquids provided the
particles to be separated are coarser comparetetsite of particles used to
prepare the medium. This medium is continuouslyadey to prevent settling of
particles used to form the pseudo fluid but theaaigin allows the settling of
heavy particles in the crushed ore to be separdtetkly divided quartz,
magnetite, galena or ferrosilicon is used for mgkip the suspension. The
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range of specific gravity for fluids of commerciaterest is 1.3-2. Such fluids
are mainly used to separate coal from clay. Pséuitls are much cheaper than
organic liquids of high specific gravity, so thestoof fluid loss is not
significant. But on the other hand, the use of gsefluids is not as simple as
that of true fluids.
6.5. Heavy Media Separation Circuit:
A simple heavy media separation circuit would etaby consist of

the followings:
i. A separating vessel in which heavy suspensiokef with a provision for
introducing the feed and withdrawing the producitouiously.
ii. Means to clean the product separated, recdwemiedia and recirculate it to
the vessel for further utilization.
6.7. Specific Industrial Processes Using Heavy Lidgs:

Three different processes have been developebnowi using true heavy
liquids. The processes are:
1. Lessing Process.
2.Bertrand Process.
3. Du Pont Process.

6.7.1. Lessing Process:

Lessing process is used to clean coal in a solutib calcium chloride
having an approximate specific gravity of 1.4.dtmost useful in separating
coal from clay & slate.
6.7.1.1. Lessing’s Settling Tank:

Settling takes place in a cylindrical tank 8 ft height & 6-10 ft.
diameter with a conical bottom as shown schem&figalthe figure6.2. Graded
raw coal freed from dust and fines is introducetd e tank through a central
pipe to mix up with the separating solution thoriolyg As per "float & sink"
principle cleaned coal floats up and is removednfrthe tank by a chain
scrapper or any such mechanical arrangement. abe shale and sand drop to
the ‘conical bottom and are removed by the hela dlucket conveyor. Both
cleaned coal and slate are delivered to the digitaiwers.

After draining, they are washed clean of @&Cl, solution. The wash
liquor is returned to the concentration tank fazaleulationCacCl, solutionto
the settling tank.

320 liters of CaCl, liquor is withdrawn from the separating tank after
each ton of raw coal cleaned. During cleaning @ tloe specific gravity of the
parting solution drops to 1.2 from 1.4 due to additof wash water and
inherent moisture in the coa@20 liters of parting liquid withdrawn from the
tank is made-up t®40 titers and concentrated to a volume to yi€ldCl,
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solution of specific gravity 1.4. Subsequently fodution is recirculated to the
separating tank for further cleaning of coal.

Fig.6.2. Lessing Tank

6.7.1.2.
Process Characteristics:
1. The loss of calcium chloride solution during waghof coal is in the order of
2-3 liters per ton of raw coal cleaned.
2. The process produces extremely clean coal.
3. Because the process constitutes a costly thermatentration process,
widespread adoption of this process has beenatestri
6.7.2. Bertrand Process:

Bertrand process also uses calcium chloride sol@®separating medium
and is applicable only to deslimed coal. The precssmainly utilized for
washing of coal of 1-5mm size. This process isedéht to Lessing process with
respect to feeding method. Here the feed materietharged into the system in a
counter current fashion starting from water to satyag solution.

Purified coal & waste are being withdrawn in a imcounter current
fashion. There are five (5) circulating liquors Buas hot water, weak solution,
medium solution, strong solution & separating dolutas shown schematically
in the figure 6.2.
6.7.2.1. Characteristics of the process:

1. This process avoids costly thermal concentratfadilute solution.
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2. This process introduces relatively complex hyahetallurgical flow sheet
compared to Lessing process.

3. The results obtained by the above two processeacellent and coal of
extremely high grade coal is obtained.

Coal of such purity is utilized in manufacturingesfal carbon electrodes &
hydrogenation.

6.7.3. Du-Pont Process:

Du Pont process is the practical adoption of latmy heavy - liquid
separation. This doesn't differ from laboratorygadure in basic principles, but
requires some special treatments to be commerdiihfe.

6.7.3. 1. Special Requirements of Du Pont Process:

1. Parting liquid or the separating solution sho#die low solubility of the in
water and water in parting liquid.

2. Parting fluid should have low viscosity or hidlaidity at the operating
temperatures.

3. Parting fluid should have high stability, lowpaaur pressure.

4. Parting fluid should be nonflammable.

5. Prior preparation of the ore is required fano@ing fines before parting.

6. Prior preparation of the ore with suitable cheats is required to make the
surfaces of the particles immune to wetting byphging liquid.

7. Complete sealing of the separating system teemteloss of parting fluid by
evaporation and further to eliminate health hazalds to the noxious vapours
emanating from the parting liquid.

8. Procedure should be available for complete sejpar of parting liquid from
the minerals so as to regenerate the parting liquid

9. The process should use of a scheme to purifpdiiing liquid constantly.
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The requirement listed at No.6 is the most impdrtamong all
conditions. During cleaning of coal, active agdike starch acetate or stannic
acid of the order of 0.011 %wt. of the total weigbhtused. The process is shown

schematically in the figure6.2.

Fig.6.2. Schematic Flow Diagram of Du-Pont Process.

6.7.3. 2. Characteristics of Du-Pont Process:

1. Parting liquid in case of Du-Pont process isigture of several halogenated
hydrocarbons.

2. The main expense in Du Pont process is theofqetrting liquid.

3. The consumption of parting liquid is in the ardé 450grams per ton of coal

cleaned.

4. Separation process is fairly simple in principlet requires a number of

adjunct operations for the sake of economy in retEgeonsumption.

5. The process is not applicable to fine partieled is limited to coarse state of

sub-division.
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6.8. Industrial Processes Using Heavy Suspensions Bseudo Fluids:

Pseudo heavy fluids are manufactureduspending quartz, ferrosilicon
or galena in different proportions to have the risitgl specific gravity. The
processes are:

1. Chance process
2. Vooys process

3. Wauensch process

6.8.1. Chance Process:

Chance Process is in use for last 100 yearsléaning coal. The parting
fluid is a suspension of quartz or sand particlesvater. The sand used here is
in the size range of -40 to +80 #. T@bhance Cleaneconsists of a separating
tank or aCone Separatotin which sand suspension moves up gently. An
agitator is used for stirring the suspension tos@né packing. The overflow of
clean coal and sand passes over to the cleanirgrscrwhich desand and
dewater the coal. Spray water is used for desanding specific gravity of the
fluid is adjusted by varying the proportions of daand water. For cleaning
anthracite coal a heavier fluid is used than coegao the fluid used for

cleaning bituminous coal. Figure 6.3 shows the €aammocess schematically.
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Fig.6.3. Schematic Chance Cleaner.

6.8.2. Vooys process:
This process uses a suspension of fineburgted barite (-150 to

+2004#) in water. Specific gravity is adjusted td71to clean coal. Coal particles
finer than 100- mesh are excluded. Since the galiticles used to manufacture
the parting fluid are much smaller than what isdusethe chance process, the
coal that can be treated by Vooys process carbalsouch finer.

6.8.3. Wuensch process:

This is a process for concentrating oresé¢hoontain lighter materials
as waste (sp.g> 2.7). A mineral having specifiovziiyamore than 5.25 must be
used for making the suspension as suspensionsitiogtanore than 40% solid
by weight are too plastic for partitioning work. i preferable to use a
suspension containing less than 30% solids by welighas been found out that
galena is most suitable material to be used aseitlsy a heavy fluid with a
specific gravity in range of 3 - 4.5 very easilylaiv concentration of solid.
Since galena is relatively valuable the loss of immedmust be reduced to a
minimum level. The medium is purified periodicallpy flotation of

galena.sometimes ferrosilicon in water is also wseteavy fluid.
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6.9. Washing of Coal:

The major industrial application of hgamedia separation is the washing
of coal where raw coal is washed to prepare cleaaal for further industrial
application. Coal is always associated with minematter either intrinsic or
extrinsic in nature. These mineral materials ar®wkm as impurities and
generate out aashon burning of coal. As mineral materials servepngose, it
is therefore desirable to remove them from coalofgefdistribution. The
extrinsic impurities can be removed completely whiftrinsic impurities are
difficult to remove. Depending on the local conalitithe upper limit of ash
content in the coal is fixed for its acceptancadidn coals are high in ash.
Therefore in India even metallurgical coke prodacaercept as high as 25% ash
in the coking coal. In this connection it must kenembered that an increase in
ash content of the coke adversely affects the fliasace operation and reduces
the pig iron productivity. Similarly the productiyi of sponge iron is also
hampered in the rotary kiln. An increase of 1% msthe coke reduces the pig
iron productivity by 5%. Therefore upgrading ofeénbr grade coals has become
a necessity as better grade coals are being exthogty.

6.9.1. Advantages of coal washing:
The advantages of cleaning coal are as follows:
1. Transport and handling charges are reduced.
2. The efficiency of coal utilization increases.
3. The calorific value of the coal increases.
4. Sulphur & phosphorus content in the coal is ceduwhich improves the
quality of coal.
5. Greater cleanliness and less ash to be handhatgdndustrial activities.
6.9.2. Principle of Coal Washing:

The specific gravity of pure coal varies from1.Z-nd that of free
impurities from 1.7- 4.9. If the average specifrengty of pure coal is 1.3 and
the same is suspended in a heavy fluid of spegitavity 1.5 (called washing
medium), the impurities being heavier than thedflsink in the fluid and pure

coal floats on the fluid.
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The washability characteristic of coal is best sagdd by the float and sink test.
6.9.3. Washability Characteristics of Coal:

A suitable range of specific gravity of the sepiagamedium for most
purpose is from 1.30 to 1.60 varying by an incren@n0.05. These gravity
baths can be made from organic liquids or inorgaaltsolutions.

The float and sink test starts at the lowest $jgegiavity bath with the
float being removed and the sink materials arequlan the next higher specific
gravity bath. The information desired is the weiglitthe float coal and the
weight of the sink materials at each gravity bdhrther the float and sink
materials are fire assayed to find 5carbon and Boimghem. The table 6.1

shows the result of a typical float and sink test.

Table.6.1.
Sp.g of the bath Float material( clean coal ) Sidlterial (dirt)
Carbon wt % % of ash Carbon wt% % of ash
1.25 5 1 95 16
1.30 65 2.5 35 39.5
1.35 75 3.0 25 51.5
1.40 80 4.0 20 58.5
1.50 82 45 18 64.0
1.60 85 55 15 70.0

The observations listed in the table 6.1 are pdodéie washability curves
shown in the figure 6.4. Washability curves as mgpto the coal washing are
graphical representation of the results of spegifavity analysis for a sample of

coal. Different curves shown in the plot are atofel

Fig.6.4. Washability curves of a typical coal.



1.Curve A

CurveA represents the maximum yield of a float coal whitdy be
obtained for any ash content or vice versa.
2.Curve B:

CurveB represents the ash content of the sink materia¢sponding
to any given yield of the floated coal.
3.Curve C:

CurveC represents the average ash content of each spgwfiity
fractions.

From the above graphs it follows that, if a cleanl®f 4.5% ash is
required, the cut-off specific gravity of the segtarg medium is 1.5.This would
correspond to a yield of 82% of clean coal havirk§#ash in it.

6.9.4. Industrial Coal Washing:

In general gravity concentration method is usedé¢an coal after their
size reduction in crushing rolls, hammer mills atd. Chance method is the
most widely used process of washing coal while Biigrmethod is exclusively
used for cleaning bituminous coal. The efficiendy @ coal washing unit
primarily dependents on the following factors sash
1. The densimetric composition of the feed coal.

2. The total ash to be tolerated in the cleaned wbéth is interlinked with the
cut-off density of the gravity bath employed forshiang.

3. The sharpness of separation to be attained ioléaming or washing.

kkhkkkkhkkkhk
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CHAPTER 7
JIGGING

7.1. Introduction:

Jigging is one of the most ancient methods of arentration. It is a
special form of hindered settling resulting in sfieation of particles into layers
of different specific gravities followed by remowval the stratified layers. The
stratification is achieved by repeatedly affordary opportunity to a very thick
suspension of mixed particles to settle for a stiore.

7.2. Principles of Jigging:

The three physical factors responsible for stieifons of particles

during jigging are:

a. Hindered settling classification.

b. Differential acceleration at the beginning of fak.
c. Consolidation trickling at the end of the fall.
7.2.1. Hindered settling classification:

The essential difference in hindered settling @s jand classifiers is that in
jigging the solid - fluid mixture is very thick aritl approximates to a loosely
packed bed of solids with interstitial fluid flovwgrthrough the particles rather
than fluid carrying the solid particles with it h@gms in the case of classifiers.
The thick solid-fluid suspension used in jigs canbe maintained for a long
length of time and also doesn't allow sufficierdypbetween the particles for
their complete rearrangement. As the jigs producBuidized bed for few
seconds, it offers an open bed alternatively ardige rearrangement takes
place during that time period only. Other paransget@maining same higher
settling ratios are obtainable in jigs comparedl&ssifiers. Figure 7.1 shows the

effect of hindered settling during jigging.

QR
Fig.7.1. Effect of Hindered Settling During Jigging



7.2.2. Differential Acceleration:

In jigs particles are allowed to move and allowtedget rearranged
during their accelerating time periods only. Thanheparticles have a greater
initial acceleration and speed than the lightetigas. So if the fall is repeated
for short durations then the total distance tragdllby the particle bears a
resemblance to its initial acceleration than to itsrminal velocity (V.
Stratification of particles will takes place accoglto the specific gravity of the
particle alone. The important issue is whether siairt falls can be realized or
not. Mathematically differential acceleration ag¢ theginning of the fall can be
derived as discussed below.
7.2.2.1. Mathematical Derivation for Differential Acceleration:

Applying law of sedimentation:

m. dv/dt = (m-m').g - R (Vijyhere,

V is the velocity of the particle against the fluidtion,

m isthe mass of the solid particle,

m' is the mass of the fluid displaced by the pasticl

R (V)is the fluid resistance force working on the paetic
At the beginning of the fall the velocity of therpele in the fluid is zero which
implies:R (V) =0

Hence at the beginning of the fall:

m.dv/dt = (m-m').g

Or, dv/dt= [1-’;—: [C e — (1)

Where, p, and pg are the specific gravities of fluid and the solidrticle

settling in the fluid respectively. From the eqaoati1) it is clear that the initial
acceleration of the mineral grains is thus indepehdof the size but is
dependant only on the specific gravities of theédsahd fluid. Theoretically, if
the duration of the fall is short enough and tak is repeated for sufficient
number of times, the total distance travelled by plarticles will be controlled
directly by the initial differential accelerationr andirectly by the specific

gravity and size of the particle rather than thenteal velocity of the particle.
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To separate small heavy from large light mineratipl@s a short jigging cycle
is required. The effect of initial acceleration debown schematically in the

figure7.2.

Fig.7.2. Effect of Differential Acceleration.

If the mineral particles are afforded a longer titee settle during
jigging, they will attain their terminal velocitynd will settle according to their
specific gravity and size.

Examplel:

A mixture of quartzp(=2.65) & galena f =7.5) is jigged in a fluid having
specific gravity of 2.0.Find the ratio of their fial accelerations.
It can be shown that the initial differential alecations of galena and

quartz particles are quite different. As per equafil) we have:

dv/dt= [1-‘;—:] g.

(AV/dt)quan = [1-21] = [1- ] g

2.65

(dV/dt)Jalena: [1'[;_:] 9= [1_7%] 9

(Bgatens) (Bquartz) = [1-%] g/[1- 2%] g = (5.5%2.65)/0.65 x 7.5) = 3:1
Hence, ag,/aga=1:3.

The initial speeds of galena and quartz partictesim the ratio of 3:1
even though their ultimate speeddenminalvelocitiesin the fluid may be same
depending on their sizes. So it is quite simplariderstand that if the repetition
of fall is frequent enough with short duration sfreation will take place

according the initial acceleration or the spedifiavity of the particle alone.
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7.2.3. Consolidation Trickling:

It is a fact that different particles of either sar different specific
gravities do not travel the same distance durirey gbttling period. So they
appear at different heights in a stratified bedeFiparticles may appear on the
top of a bed of coarse particles. The finer pa$ianay run down through the
interstitial pore spaces available in the bed o&rse particles under the
influence of gravity & vibration. This particularhpnomenon is known as
consolidation trickling In true senseconsolidation tricklingis opposite to
jigging as it leads to an intermixing of smallertpdes of lower specific gravity
with coarser particles of higher specific gravifyhe effect of consolidation

trickling is shown schematically in the figure 7.3.

Fig.7.3. Consolidation Trickling.

To summarize, stratification during the stage wtienbed is open is
essentially controlled by hindered settling andiahidifferential acceleration.
During the suction stage, when the bed is tightsthatification is controlled by
consolidation trickling. Hindered settling and ihéial differential acceleration
put thecoarse-heavy grainat the bottom, fine-heavy & coarse-light grains in
the middle and fine-light grains at the tap of ratified ore bed. Consolidation
trickling reverses this process to some extent. &ffext of ideal jigging process
is shown in the figure---10.5 385wills.

7.3. Jigging Cycles:

Short falls are to be realized in jigs for stratiion to occur. This is
obtained by pulsation and suction of water or atheofluid through a bed of
ground ore held on a perforated grate or sieveingyuulsation & suction the

fluid moves up and downward respectively with refere to a stationary point.
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During pulsation the ore bed expands while duringtisn the bed gets
compacted. Most jigs use bath pulsation & suctinr,in same jigs the suction
is avoided. The plot of fluid velocity with respeottime describing a full cycle
of pulsation and suction is termed jagging cycle A jigging cycle is shown
schematically in the figure7.4 with reference te thovement of piston in a jig.

(2) Movement of the piston in a jig. (b) Speed of flow through ore bed during the jigging.

Fig.7.4. A Schematic Jigging Cycle.

7.3.1. Different jigging cycles:
Jigging cycle is said to consist of pulsation audttion. Figure 7.5
shows several jigging cycles schematically.
TypeA & B use pulsation only.
TypeC & D use pulsation and suction both being symmetrical.
Type E asymmetrical pulsation and suction.

Type F symmetric but unequal suction and pulsation.
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7.4. Jigging characteristics:
1. Equal Jigging Particles and Jigging Ratio (J.R):

If two particles settle to equal distance durin§ixad time period of
fall, they are said to bequally jiggingfurther Jigging ratio is defined ashe
ratio of diameters of equal-jigging particledigging ratio is a function of
duration of fall {T,). Clearly if jigging is practiced on the unsizedan poorly
sized feed, a very short duration of fall)(should be used for stratification to
result. If jigging is practised on closely size@deby screening stratification can
be obtained for longer settling time.

2. Rate of stratification:

The figure 7.6 shows the distance gained per sebgrahe of particle
over the other particle. Galena particles of 0.2iemadius gain over the equal
settling quartz particles regardless of the duratibperiod. The gain is nil if the

time of settling is infinitely small or infinitelfarge.
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Rate of gain for fine heavy is less than the cdtgain for the coarse
heavy particles, so large number of settling periack required if stratifications
of un-sized feed is to be obtained. If unsized féedtreated for proper
stratification, capacity would decrease.

7.5. The Jig:

A jig is essentially a water filled box in whichb&d of mineral grains
are supported on a perforated surface or screga.aie usually made up of
wood or other materials. In place of one compartnteere may be several
compartments connected in series. The tailing & oompartment works as
feed for to the next consecutive compartment ingbeges. The amplitude of
jigging is maximum in the first cell and minimumftime last cell. When water is
pulsed through the screen, the particles are btdaanghsuspension in water and
are allowed to settle under hindered settling domus which are modified
greatly by differential acceleration (the theory jmfging has been discussed
earlier). If the settling periods are of very shdutration, the separation of two
materials according to the specific gravities maypossible almost regardless
of the size. This explains how the jig can handigewange of size distribution.
It is evident that with a feed of a wide size rangeery short settling time must
be used for complete stratification.

7.5.1. Basic Construction of a Jig:

The major components of a Jig are:

1. A shallow open tank containing a screen-bottom vehich the ore is
supported.

2. A hydraulic water chamber twtch.

3. A reciprocating mechanism for pulsating wateotigh thesieve.
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Figure 7.7shows the detail construction of a bagischematically.

7.5.2. Classification of Jigs:
Jigs are classified to two types:
a. Hand jig.

b. Mechanical jig.

7.5.2.1. Hand jig:

This is the simplest of all jigs which consistsaoframed sieve held by
hands and is actuated by the operator with a recfting vertical motion. In
general a perforated cylindrical shape containeused. After filling up the
vessel with minerals up to the desired level itlased tightly. With a rope and
pulley arrangement it is made to move up and dowa Wwater tank to attain the
condition of pulsation and suction of water in thieral bed. As the process is
continued or repeated for several times completgifstation takes place. This
jig is mainly used in the laboratory to demonstréte effect of jigging

operation. Figure7.8 shows the basic featureshafra jig.
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7.5.2.2. Mechanical jigs:

Mechanical Jigs are of various types. But regasdtefstype they are
essentially composed of:

i. A shallow open tank containing a screen-bottormvbith ore is supported.

ii. A hydraulic water chamber dutch

ii. A reciprocating system for pulsation and suctibwater through the screen.
7.5.2.3. Typical Mechanical Jig:

There are different mechanical jigs such as:

1. Fixed sieve plunger jig.

2. Fixed sieve Pulsator jig.

3. Pneumatic or Baum jig.

Working of few important jigs is discussed below.

1. Fixed Sieve Plunger Jig (Harz Jig):

The harz jig has a fixed sieve. The jigging motisnobtained by
plunger,P reciprocating in a compartment adjoining the sieempartmentC.
The bottom layer (usually the concentrate) is readothrough the gaté. The
upper layer (usually tailings) is discharged atehd away from the feed.
Working:

The crushed & graded ore is held on the si€&\Vater is held in the hutch,
when the plunger is pushed down water rushes upwdreh the plunger is

moved up, water rushes down through the minerahiedati on the screen.
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When water moves up it imparts a pulsation andnaliater moves down
it imparts suction to the mineral bed. So both gtitsn and suction takes place
alternatively resulting in jigging. Jigging duraticanges from 0.2 to 0.6 sec

(100-300 cycles per minute).

2. Plunger Jig: The plunger jig consists of ore box of size: 28"x6” fitted to
one half of the tank and then plunger is fixedhia bther half. The plunger is
made to move up and down by mechanical arrangemastbifurcation board
between the jigging and plunger section at thereemttend sufficiently below
the jigging sieve to ensure even arrival of watapulses at the sieve. Sieve
plays an important role in jigging. Different typekjigs are used for different
materials. Smaller materials use woven wire sieggsrage sized material use

punch plates while larger sized materials neededagrates
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3. Pulsator jigs:

In this class of jigs there no suction stroke. Tigging is due to
impulses of water flowing under pressure from thetew service point. These
impulses are obtained by placing a rotating dewidde water service line. The
number of impulses is around 200/minute. This tgpgig can handle around
100tons/sq.foot/day.
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4. Diaphragm Jigs:

Bendelari diaphragm jig is the most popular diaghrajig used
worldwide. This jig is an improved version of Hatgpe jig. In this case a
diaphragm is used in place of plunger to produdsigm and suction of water in
the ore bed held on the sieve. The mineral separ#irapid compared to Harz
jig.

Constructional features of this jig are shown schigcally in the
figure7.12.

In this case the plunger is sealed to the framea bybber diaphragm;
hence there is no water leakage around the plumgieh is a frequent problem
in harz jig. Further the jigging surface is moreessible in this case as the
actuating mechanism is placed at the bottom. Tésults in an appreciable

saving in floor space and weight.
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Compared to the Harz jig, the Bendelari jig has @eremopen bed,
larger capacity consumes less water and requisssn@intenance. The jigging
cycles range from 0.2-0.8 seconds, i.e.100-16Kesrper minute.

5. Pneumatic or Baum Jigs:

Baum jig resembles the plunger jig in constructimn differs in the
working principle. With little modification it habeen in use for the last 150
years. Presently it is extremely popular in coashwag.

In this case air under pressure is forced in&afid large air chamber
on one side of the jig vessel causing pulsion amtien to the jig water. This in
turn causes pulsion and suction through the crusbatibed held on the screen.
Thus stratification is caused finally. Baum jig hthe advantage of handling

wide range of sizes with high capacity.
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7.6. Advantages of Jigs:

1. Jigs are primarily used to concentrate coarsesrals. In coal washing, up to
4 - 5inches coal pieces can be washed in Jigsade of ores, pieces up to | inch
size can be treated. Hydraulic jigs can wash cpatoul/8 inch & minerals as
fine as 20#. Pneumatic jigs can treat minerafinas65# mesh and as coarse as
1-1.5 inches but not in a wider size range.

2. Excluding washing of coal it is used widely teneficiate non magnetic iron
ores.

3. Jigs are cheap to operate and substantiallprfoof and offers an easy access
for inspection.

7.7. Limitations of Jigs:

1. Jigs are obsolete for sulphide ores.

2. It requires large amount of water during oredfieration.

3. Fines cannot be treated in jigs. Jigging is iapple to the ore that is too
coarse for complete liberation.

4. Jigs do not provide a complete solution to airyenal beneficiation problem.

kkkkkhkkkk
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CHAPTER 8
FLOWING FILM CONCENTRATION & TABLING

8.1.Introduction:

Before discussing the principles of flowing filmmoncentration, it is
important to have an idea of fluid flow. Fluid flogan be classified into three
categories:

a. Laminar or streamline flow.
b. Turbulent flow or erratic flow.
c. Mixed flow; A combination of laminar and turboteflow.

All these fluid flow conditions are determined qtitatively by
studying about the dimensionless quantity Reynoidaber(R,).
Mathematically:

VD
Re = El where,

D = Diameter of the pipe in centimeters.

V = Average velocity of fluid in the pipe, centimetec.

1 = is a term defined agiscosityof the fluid.

The flow pattern can be determined theoreticaliyrfithe numerical value of the
ReynoldsR, number for that flow.

a. If Re< 2100 then such a flow is termed as laminar flow.

b. If R. > 4000 then such a flow is termed as turbulent ftwwerratic flow.

c. If the condition is such that 2180R, < 4000 then such a flow is termed as

mixed flow.
8.2. Viscosity of Fluids (7 ):

Viscosity is defined as the internal fiction of iluwhich resists the
shear force acting on the fluid. This is an infiinproperty of the fluid at
particular temperature & pressure. For liquidssa iin temperature lowers the
viscosityn and for gases rise in temperature increases ito®sityn. Both
viscosity and kinematic viscosity are interrelateith a factor i.e., the specific

gravity of the fluid.
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Mathematically:

=1
r=s
y = Kinematic viscosity of the fluid.

n = Viscosity of the fluid

p = Specific gravity of the fluid

Units:

1. Viscosity unit is poise = 1 dyne .sec fcm
2. Kinematic viscosity unit is Stoke.

8.3. Flowing Film Concentration:

Liquid films under laminar flow have specific meciaal property that can
be easily adopted to separate the minerals aceptd@ir specific gravities. The
specific mechanical property is that, the velodifythe fluid is not the same at
all depths of the film. Lets us imagine the fluglfiowing in rectangular open
channels as shown schematically in the figure® his case the velocity at the

bottom of the depth is nil and is maximum at the tdp

Fig8.1.Fluid Flow in Channel and circular Pipe.

Similarly in case of a pipe, the flow rate is highalong the central axis and
nil at the inner periphery of the pipe. This prdpen turn depends upon the

viscosity of the fluid.
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This physical sense of speed difference during fllow at different depths
can be exploited industrially to result in minebaheficiation. The flowing fluid
film can effectively separate coarse light parScligom the dense smaller
particles. The action of a flowing fluid film ondhmineral grains is shown

schematically in the figure8.2.

Fig.8.2. Action in a Flowing Film.

Mineral beneficiation carried out by the above pie is known as
Tabling. The experimental facts regarding particle clasatfon utilizing the
principle of flowing film concentration can be surarized as follows where the
down slope sequence of particles is:

1. Fine-heavy particles.
2. Coarse -heavy and fine light particles.
3. Coarse - light particles.

In fact rounded particles move farther down theatn than the heavier,
finer and flatter particles. It is interesting tote that flowing film concentration
places the coarse heavy particles with fine-ligitiples which is reverse to the
stratification that takes place during jigging. Jtduggests the desirability of

classifying the feed in a flowing film concentrator
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8.4. Tabling:
Tabling takes place on the Shaking or Wilfley tablde Shaking or

Wilfley table essentially consist of a substangigllane surface called the deck.
The table is slightly inclined to the horizontabifin the left to right and shaken
with an asymmetrical motion in the direction of tbhag axis.

Asymmetrical motion makes the stroke of the tdllgter in one of the
directions and slower in reverse. Usually a slowviird with a rapid return is
used during the operation of the Wilfley table. STbauses the mineral particles
to crawl along the longitudinal cleats or riffldgt are fixed on the table surface
in the direction of the table movement. The waslhew#ows over the table at
right-angles to the direction of jog. A feed of 2586lids by weight is
introduced through the feed box at the upper cooh¢ine table and as the feed
particles hit the deck they are fanned out by a hination of differential
motion and transversely flowing water. The joltidgrthe return stroke causes
the heavier particles to work- down the bed to fdira bottom layer. The
lighter gangue materials are thrown into suspenaimhare discharged out over
the edge of the table opposite to the feed boxheywash water. The heavier
minerals finally arrange themselves on the smoattiffled proportion of the
table when they encounter the full force of the lwaster. The middlings are
collected in that portion of the table intermedidietween concentrate &
tailings.

The reciprocating speed of the Wilfley table is alsu200-300 strokes/
minutes with an amplitude or stroke length of 12at% A finer feed requires a
higher reciprocating speed but a smaller stroketlerwhile a coarser feed
requires larger stroke length with reduced recigtiog speed. Hence the stroke
length along with the reciprocating speed of thdetaan be adjusted as per the

feed material to be classified on the table.
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8.5. Construction of Wilfley Table:

The constructional feature of a Wilfley table ioaim schematically in
the figure8.3. The table is made from wood or simguch material. The table

surface is cleated specifically as shown in tharg

\Specific discussion on cleats or riffles is reqdiras they require frequent
replacement during the working of Wilfley table.€Ttleats are usually made up
wood with a maximum height and width afie centimeteeach as shown in the
figure8.4.

8.3. Schematic view of a Riffle or Cleat.

The cleats are tapered from one end to anothery ahe so placed that they
form channels of around 1cm width and deep at ¢ftehiand side end and the
same tappers down to zero depth at the opposite Téral cleats end along a
diagonal line imagined on the Wilfley table whichpaoximately divides the

total surface area of the table in the ratio of.ZThis means 2/3 of the total
surface area of the table is cleated (riffled) esst 1/3 portion is unriffled. The

inclination of the table is from left to right arftbm the back to front. Such

inclination increases the ore handling capacittheftable.
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However the inclination should not be large awampers the classification
efficiency. The normal inclination in both the ditions is limited to 0-3
degrees. For majority of ores a slope of 0.75-8&rees is used.

8.6. Table Surface:

The surface of the Wilfley is lined with rubber lamoleum to restrict the
wear of the wooden table surface and also increasggness or friction of the
table surface. Both riffles and the linoleum linimgrease the capacity of the
table.

8.7. Characteristics of Shaking Table Operation:
8.7.1. Classification:
The Wilfley table handles materials as coarse aantias fine as 200#
and under idealized conditions particles segreigédefour groups:
a. Light -large
b. Large-heavy
¢. Small -light
d. Small- heavy
8.7.2. Tonnage Handling Capacity of the Table:
The tonnage that can be handled on a Wilfley taldpends on the
following factors:
a. Angle of inclination of the table. Higher the imation higher is the tonnage
handling capacity.
b. Size of the feed.
¢. Whether the operation is roughing or cleaning.
d. The difference in specific gravities between thaerals that are to be
separated.
e. Average specific gravity of the minerals to beatesl.
8.7.3. Capacity of Wilfley Table:
It depends on the table size and many other adsdcitactors.

However, for a table size of 4ft x 2ft the capacétaround 200 tons /24hrs.
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8.7.4. Cost of Operation.

a. Power 0.5 ---------- 0.8 Kw/hr

b. Repairing, cost of cleats & deck as and when requi

8.8. Important Use of Wilfley Table:

1. It is widely used to concentrate cassiteritéroore.

2. It is widely used to concentrate free milleddyotes.

3. It is widely used for beneficiation of nonmeitzllike glass and sand.
4. It is widely used for beneficiation chromite amdgsten ores.

4. 1t is widely used to recover the part of galearad sphalerite in coarse
aggregate of lead-zinc ores.

5. It is widely used for cleaning fine coal.

6. It is widely used for beneficiation of some irores.

7. It is adopted as a pilot and guide to flotafpdents.

8.9. Vanners:

Vanners consist of endless belts of rubber or amsluch material
stretched over rollers and travel in an inclinechrmea with their upper surface
against a flowing film of water. In addition, a sidhake or a gyration or an end
shake is utilized in different vanners. The workisgimilar to shaking tables.

The field of application of vanners is to recoeérthe minerals finer than
0.15 to 0.2&mand coarser than 0.01 to On9®, provided flotation does not
offer a more attractive solution to the ore treattproblem.

Capacity of vanners for fine silt recovery ranfresn 1 to 3 tons per 24 hrs
for a machine of 6ft. width. Because of smallerazdty the cost of classification

on vanners is higher than that of tabling.
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8.10. Reasons behind the Obsolescence of Vanners:

Excepting the recovery of cassiterite in the rangge 0.010-
0.060milimeters, vanners are practically obsolete th reasons listed below:
1. This device fails to treat the particles finerrtt2-20 microns. A large part of
the valuable minerals so called slimes are recaveeither by Wilfley table nor
by vanners. They are ultimately recovered by ffathtation.
2. The capacity of flowing film vanners is extremeadpor in comparison to
flotation when fines are to be treated.,
3. The concentrates obtained are relatively of dpade if acceptable recoveries
are to be secured.
4. Blanket plants are capable of handling largeage of fine free milled gold

ore are relatively inexpensive to install and ofera
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CHAPTER 9
FROTH FLOTATION

9.1. Introduction:

Flotation is the most widely used method of wetamotiration of ores
for separating the valuable constituent of the fooen the worthless gangue.
The process is primarily a surface phenomena basetie adhesion of some
mineral particles to air and simultaneous adhesfosther particles to water in
the pulp. It is the most efficient but is the mogtmplex of all ore beneficiation
processes. A In this process adhesion is made betai bubbles and small
mineral particles in such a way that they rise lattpulp. The floating
mineralized froth is then skimmed off while the @ttminerals are retained in
the pulp. The above fact is known fiatation proper There is another term
called skin flotation In such a case the adhesion is affected betwekeea
water surface and the mineral particles. The gagimvolved in skin flotation
are usually larger than the particles involved iatH flotation. To obtain
adherence of the desired mineral particles to thédowbbles, a hydrophobic
surface film should be formed on the particle stefeHydrophilic surface film
must be created on the particles which are to taéned in the pulp phase. The
most striking outcome of this process is that thectfic gravity of the mineral
particle has no effect on the flotation. This sugigehat minerals irrespective of
their specific gravities can be floated.

Another important idea in case of flotation procissthe existence of a
selective tendency on the part of some mineralighestto adhere to air and
others to water. Much research has been done smritist recent and complex
means of ore beneficiation which are summarizeolaswy:

1. Most minerals if suitably protected from contantioa adhere to water but
not to air.

2. Paraffin & other hydrocarbons adhere to air irfgnence to water.

3. Some minerals adhere to air naturally and flohis Thay be due to surface

impurities or due to inherent surface propertyhef mninerals.
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Such a phenomenon is knownredural floatability and usually possessed by
coal, graphite, sulphur and other hydrocarbons.

4. But for minerals to be separated by froth flomfidloatability is to be
induced on the surface. This is knownaasjuired floatability For the minerals
to acquire floatability suitable chemical reagesnts to be added to the pulp for
changing their surface properties. The reagentg ivanature depending on the
type of ore to be floated. The quantities to bedusme extremely small but just
sufficient to develop a continuous film around theneral particles of at least
few molecular level thicknesses.

5. Almost all the minerals can be made to adherdrtoravater selectively by
using suitable chemical reagents. But this seliggtoan not be 100% efficient.
This means when we are trying to float a particuféneral selectively, other
mineral present in that pulp would also float up.

6. Change in the surface condition of the mine(dlse to oxidation) will
affect the floatability of such minerals considdyab

In general flotation depends on a number of intated physico-chemical
factors. After treatment with reagents, the airtidb attach it to the mineral
particles and lift them up to the surface of wafEne mineral is usually
transferred to the froth leaving behind the gangue pulp. This is termed
asdirect flotation However, duringeverse flotatiorthe gangue is separated

into the float fraction while the valuable mineigtetained in the pulp.
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The process can only be applied to relatively fiagticles. The basic idea of
flotation is shown schematically in the figure 9.1.
9.2. Classification of Floatability:
Floatability can be classified as:
Natural floatabilityand
Acquired floatability
9.2.1. Natural floatability:

It is generally agreed that hydrocarbons, coalplgtae, sulphur shows
large degree of natural floatability. It is to bleserved that substances showing
natural floatability are non polar substances. $terals that are polar in nature
lack in natural floatability.

9.2.2. Acquired floatability:

By suitably coating the surfaces of one or anothgroup of minerals
with a film that is non-polar, particles of the eseted group can be made to act
as if they are non polar throughout and made taiaedloatability. Acquired
floatability is the result of the actions of a gpoaf reagents called collecting
agents or collectors. When the ground ore is mixtfr several of minerals of
similar nature, to separate them from each otlmmesminerals should be made
more floatable compared to others. To acquire sedctivity specific reagents
are to be added to the pulp and are termeattagators or depressors\nother
group of reagents added to the pulp are knowmmadifiers. Modifiers are
chemical reagents which suitably modify the surfpoeperties of the minerals
so that the surface becomes more amenable totibe a€ collectors.

9.3. Physico-Chemical Principles of Flotation:

Physico-chemical principles of flotation can belained in terms of
surface energy & surface tension, contact anglerippand adsorption.

9.3.1. Surface Energy or Surface Tension and ContadAngle: At any
interface there exists certain amount of energyedaburface energy. The
surface forces at the bubble-mineral interfacenraqueous medium are shown

schematically in figure 9.2.
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From the figure it understood that at equilibrium,

Ys—a = Ys—w T Yw-aC0S0

Whereys_,, Ys—w andy,,_, are the surface energies between the solid-air,
solid-water and water-air respectively and

0 is the contact angle between mineral and the leudbkhown in the figure9.2.
Now work of adhesion:

Wisg = Yw—a(1 — cos0).

It can be seen that greater the contact afglgreater is the work of
adhesion between particle and the bubble. Theafbility of a mineral therefore
increases with the increase in contact angle. Misewith higher contact angle
are said to be aerophilic (air attracting) and mafewith smaller contact angle
are said to be aerophobic (air repelling).

9.3.2. Polarity and Adsorption:

All the minerals are classified into polar and fpmtar type according
to their surface characteristics. Non-polar suage not attach readily to the
water phase and are called hydrophobic mineralsapl@te, coal, talc and
sulphur are nonpolar minerals and exhibit natutébility and readily float

on water.
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Minerals of polar type are hydrophilic and do fiioat naturally on
water. These minerals have to acquire floatabibityget floated up. To induce
floatability these mineral particles are to be tiedlawith some specific chemical
reagents calledcollectors Collectors are organic compounds which get
adsorbedon the surface of selected mineral particles andyre a continuous
heteropolar film in such a fashion that, the noapglart of the film is oriented
away from the mineral body(as shown in the figu® 9Thereafter the mineral
particle as a whole becomes non-polar, non-wettasld water repellant.
Further it attaches itself preferentially with antaubble.

2. The air bubble-mineral combination floats ughe fluid as per Archimedes'
principle as long as the specific gravity of thentination is lower than the

specific gravity of the fluid.

9.4. Flotation Reagents:

Froth flotation being a physico-chemical procespuies a number of
chemical reagents for its successful operation.a8fothe flotation reagents
can be classified under following categories:

1. Frothers
2. Collectors &
3. Modifiers.
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9.4.1. Frothers:

Frothers are heteropolar surface active orgaregeets, capable of
being adsorbed on the air-water interface. The ratiso of frothers at the
bubble-water interface reduces the surface teraiohstabilizes the air bubble.
In the froth bubble, the non-polar group is orientewards the water phase
providing the necessary water repellency to ththfes required. A typical froth

bubble is shown schematically in the figure 9.4.

Fig.9.4. Schematic Froth Bubble.

The frothers practically have no effect on the tiidwlity of the mineral
particle in the pulp. Production of persistent firaif desired selectivity and
durability is of prime importance in successfultéiiton. The froth should be
strong and stable enough to support the weightetiesired mineral attached to
it and permits it's separation from pulp. On thé&est hand, the froth should
break down readily after its removal from the ftaa cell. Most widely used
frothers arepine oil, isobutyl carbino(MIBC), turpineol, aliphatic alcohols &
cresol (cresylic acid).

9.4.2. Collectors:

The collector is said to be the most important ee#dn flotation. Each
collector molecule contains a polar and a non-pgtaup. It gets adsorbed on
the mineral surface and forms a continuous hetéaogfdm all around the

particle.
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The heteropolar film is so formed that the polartps attached to the
mineral surface and the non-polar group is propeadeitwardly providing
hydrophobicity to the mineral surface. This resuitsattachment of mineral
particles to the air bubbles available in the palpd ultimately results in
flotation. Collectors are broadly classified acdogdto the chemical nature of
the nonpolar part available in them as follows:

1. Anionic collectors &

2. Cationic collectors.
9.4.2.1. Anionic Collectors:

These are the most widely used collectors in fritdkation. If the
nonpolar part of the collector, which imparts watepellency to the mineral
surface, carries a negative charge on it, it isi¢&gl as an anionic collector. The

structure of an anionic collector is shown scheacadlif in the figure 9.5.

9.5. Structure of an Anionic Collector: Sodium HtKgnthate.

Some typical anionic collectors are:
1. Potassium or sodium ethyl xanthate (Xanthogshate
2. Dithiophosphates (Aerofloats),
3. Thiocarbamates,
4. Fatty acids and
5. Sulphonates.
Xanthates, thiocarbamates & dithiophosphates amaaply used to
float sulphide minerals while fatty acids and swipates are used for non-
sulphide minerals.
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9.4.2.2. Cationic Collectors:

The characteristic property of this group of cctites is that the non-
polar water repellant group has a positive changadace of a negative charge as
in the case of anionic collectors. The schematidemdar structure of the

cationic collector is shown in the figure 9.6.

Fig.9.6. Structure of Cationic Collector.

The most general cationic collector is the fattyiree acetate. Cationic
collectors are very sensitive to thél of the pulp. They are most efficient in
slightly acidic solutions but inactive in strongijkaline or acidic media. They

are specifically used to float oxides, carbonateksilicate minerals.

3. Modifiers or Regulators:
Sometimes it may be necessary to use a modifierdefny collector

can be made to function effectively. By means ahadifier, it is possible to
accomplish the followings:

a. Utilize collectors under optimum conditions

b. Prevent or control mutual mineral interaction.

c. Prevent or control action of atmospheric airaguatic ingredients at the
mineral surfaces.

d. Modify favourably or adversely the ability of me minerals to acquire
floatability.

Due to the actions of the diverse chemical reagérémendous
flexibility is achieved with regards to the floatiitly of the minerals. This is one
of the two major reasons behind the success of fflotation and the other
being the applicability of flotation to particle$ much finer size on which no

other processes can be applied so successfully.
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According to their function thmodifying agentsnay be classed into one of the
following categories:

i. pH regulator.

ii. Activator.

iii. Depressant or Depressor.

iv. Dispersant.
i. pH Regulator:

In the modern froth flotation, alkaline circuits earused almost
exclusively for sulphide ores. For any particulae there is a definite range of
pH (7 to 13) at which optimum results are obtairfeak. this reason proper pH
control of the pulp is of great importance: Thegesas commonly used to
control pH & obtain the desired alkalinity are limsoda ash and sulfuric acid.
But use of sulphuric acid has been highly resttidtethe present days.

ii. Activator:

It is not only difficult but also impossible to fib certain minerals with
collectors and frothers alone. Some times xanthatesfound ineffective in
floating sphalerite and under such condition arnvattdr is used to obtain the
desired floatability of sphalerite. The activatons are adsorbed at the mineral
surfaces and enhance adsorption of collectorseaddime surface thereafter. The
outstanding example of this type of reagent is eogplphate (CuSwhich is
used to activate sphalerite. Hydrogen sulphidé&Sjtbr sodium sulphide may be
used for galena. Copper carbonate or lead nitsteised to improve the
floatability of various non-metallic minerals withtty acid type collectors.

iii. Depressant or Depressor:

In some cases to induce selective flotation, itequired to prevent or
suppress the flotation of a mineral over another.athieve such a selective
flotation, a class of reagents is added to the palfgddepressanor depressor
Depressing agents are used only to assist sepadtia mineral from another.
The basic mechanism of this activity is that thprdesant gets adsorbed at the

mineral surfaces and subsequently inhibit the gdigor of collectors.
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Beside lime, which works both as a pH controlled&pressant the other
widely used depressant is sodium cyanide. Sodiuanidg along with zinc
sulphate is a depressant for sphalerite. Dichromsalts are used to depress the
flotation of galena.

iv. Dispersant:

Sometimes the gangue may have the nature of flsiog along with the
minerals. The extent of flocculation may be sucht th interferes with the
efficient flotation of the desired minerals. Therbécomes imperative to use a
dispersantor deflocculator Sodium silicate is used asdispersant Starch,
casein and glue are used to disperse both gangleaabonaceous materials
associated with metallic minerals.

Regent quantity:

The optimum quantity of various reagents used deépepon the ore being
floated and there is no fixed rule to quantify ttemgents necessary for a
particular activity. However, it is important tommember that the consumption
of reagents should be kept as low as possible atigeir prohibitive cost. The
optimum quantity of reagents to be used for a palar process is determined

by trial runs. Average consumption of reagentssied below:

Reagents Amount (gms. per ton of ore floated)
Frothers 5-250

Collectors 10 - 1000

pH Regulators 10 - 2500

Depressants 10 - 500

Activators 25 - 2000

Variables Affecting Reagent Consumption:

I. Increase in fine particle percentage in the pulgreases the quantity of
reagents to be used for proper flotation.

2. Deslimming reduces the quantity of reagents worsl considerably.

3. Thick pulp results in some economy regardingcthressumption of reagents.
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Operational Principles of Flotation:
The success of the flotation operation dependéerdiowing factors:
a. Particle size,
b. Surface preparation of the minerals or conditioning
c. Pulp density,
d. Temperature of operation,
e. Time duration of flotation.
1. Effect of particle size on froth flotation:

Particles of various sizes do not float equallyorfrrexperiments it has
been found out that flotation is most efficient fmarticles in the size range of
20-200#. Recovery falls off distinctly in the vefipe and coarse range of the
feed. The failure to float coarse particles arrsent
1. Incomplete liberation.

2. Too small a contact angle.

3. Violent agitation required to form suspension.

The failures to float extremely fine particles dree to:

a. Poorer chance for mineral - bubble encounter & fthe size range of the

mineral.

b. The finer particles have an older surface thaarsm particles. As the surfaces
of the particles is affected by ions derived frothes minerals, oxygen and

water during fine grinding, they become unrespamsovreagents and lose their
capacity to float. The percentage recovery versagige size is shown

schematically in the figure 9.7.
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The tentative maximum size ranges of different matsefor efficient flotation
are shown below:

Ore / Minerals Maximum size range (in mesh)
Coal 10-14 #
Sulphides 4-65 #
Gold 100~150 #

Further rate of flotation is also depends on thdigle size as shown

schematically in the figure 9.8.

Fig.9.8. Rate of Flotation vs. Particle Size.

2. Conditioning:

Conditioning is nothing but mixing of ore with wat& aeration prior
to flotation in a cell. Usually a big tank is uséat this purpose. Improper
conditioning will have adverse effect on flotation.

3. Pulp density

For the mineral and gangue particles to get sepérmdtiring flotation
the pulp should be dilute enough to permit partiel@arrangement to take place
freely. A pulp density of 35% solids by weight stethe best result. Over
dilution should be avoided as it results in largensumption of water and
reagents.

4. Temperature:
For obtaining best result during flotation the puémperature is to be

maintained between 12-20.
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5. Time Duration of Flotation:

The time duration of flotation has a strong bearorg the extent of
recovery and grade of the concentrate floated.ife duration increases, the
extent of recovery increases with a fall in thedgraf the concentrate as shown

in the figure 9.9.

Fig.9.9. Time, Recovery and Concentrate Grade.

Flotation Machines:

Two important flotation machines are:

1. Pneumatic cell.

2. Mechanically agitated or Sub-aeration cell.

In the pneumatic flotation cells compressed aidirectly blown into
the pulp while in the sub-aeration cell a rotatingpeller serves as a pump
which draws in air through the hollow shaft of fingpeller and distributes the
same into the pulp to produce the froth. In theotalory, usually a rotating,
hollow impeller type sub-aeration cell is used whis shown schematically in
the figure 9.10.
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Industrial Model:
In industries hardly a single cell is used forgtical floatation work.

Rather a series of 10-15 cells connected in sariesised-simultaneously. They
are connected in such a fashion that one cell vesethe defrothed pulp from
the preceding cell as its feed. The recovery ohquocess is usually more than

90%. An industrial pneumatic cell is shown scheosdlty in the figure 9.11.

Fig.9.11. Davera Cell: Industrial Flotation Cell.
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CHAPTER 11
MAGNETIC SEPARATION

Introduction:
It is a fact that various metallic minerals exhitriagnetic properties.
They are attracted by the magnet exhibiting speeifiractability. Basing on the
degree of attractability minerals can be classifisd
a. Ferromagnetic
b. Paramagnetic
c. Diamagnetic
1. Ferromagnetic Minerals:

Few minerals such as magnetite and pyrrhotitestoagly attracted by
magnets and behave as temporary magnets undenftbence of magnetic
fields. They are known as ferromagnetic minerals.

2. Paramagnetic Minerals:

These are the minerals which are weakly attralojethe magnets. Minerals
in this group are illmenite, hematite, garnets etc.
3. Diamagnetic Minerals:

Minerals such as quartz, calcite and many othegspeaactically non
magnetic or may even be diamagnetic minerals. Tindserals are repelled by a
magnetic field along the lines of forces to a poiitere the magnetic field
intensity is much smaller. The magnetic naturehef minerals or ores can be
exploited in an industrial sense to separate themthree different groups such
as:

I. Highly magnetic.
2. Weakly magnetic.
3. Nonmagnetic or diamagnetic.

This method of separating minerals is broadly &fnmas magnetic
separation. Magnetic separation has found larggslication in concentrating
ferromagnetic minerals particularly magnetite ovdth less than 50% Fe to
70% Fe.
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It should be noted that subjecting the minerala toagnetic field may
result in magnetic concentration or separatiglagnetic concentrations the
separation of valuable mineral from the gangue evhiignetic separatiors the
separation of one mineral from another essentizbed on the difference in the
value of magnetic attractability of the minerals.

Elements in Designing Magnetic Separators:
The following facts are essential and to be careid during the designing
of a magnetic separator:
1. Production of a suitably converging magneticdiel
2. Easy regulation of magnetic field intensity.
3. Even feeding of ore particle as a stream or ribbon
4. Controlling the passage speed of ore particlesutfit the magnetic feed.
5. Avoidance of nonmagnetic materials within magnééld as occlusion.
6. Suitable means to dispose the products.
7. Provision for production of a middlings.
8. Elimination or reduction of moving parts to a nmim.
Types of Magnetic Separation:

Depending on the magnitude of magnetic flux dgnsitagnetic separation
can be classified as follows:

a. Low intensity magnetic separation.
b. High intensity magnetic separation.

A further subdivision within the group is possiblepending on the medium
in which separation is carried out. Depending om ttiiedium of separation it
classified as:

i. Dry magnetic separation.

ii. Wet magnetic separation.

Different Types of Magnetic Separators:
a. Low intensity dry magnetic separator: This is type of separation is
commonly applied to separate highly magnetic pagidike magnetite, tramp

iron from the non-metallics utilizing a low intehsimagnetic flux.
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When ore is travel on an endless conveyor bekipgver a magnetic pulley,
the non magnetic particles follow a normal trajegtand are thrown clear but
the magnetic particles are held firmly to the hitil it is carried out of the field

and fall down when the belt just leaves the pullElyis phenomenon is shown

schematically in the figure 10.1.

2. Low Intensity Wet Magnetic Separator:

This is widely used today for concentrating of Igrade magnetite ore.
Wet type has the advantage of treating very fires @imost in the slurry-form.
Fines are more readily-separated and higher gresfdupt is obtained because
water causes a better dispersion of particles anesents the feed to the
separator efficiently.

The Ball-Norton drum separators consist of onenar totating drums
of nonmagnetic metals. In the drum(s), a numbdixefl magnets are arranged
in such a fashion that consecutive poles are obsipp nature. Much of the
magnetic field passes directly from one pole to dtteer inside the drum, and

thereby get wasted.
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But enough flux lines come out of the drum to attrand hold the
magnetic particles strongly. The particles whioh mxagnetic stick to the surface
of the drum and travel along the periphery. They farally removed-off from
the drum surface by the help or a scrapper. Thenmagnetic particles just fall
off at the edge of the drum during rotation as shachematically in the
figurel10.2. .

In the two drum Ball-Norton machine the second dmaevolves at a
higher speed and has weaker magnets in side. Frerieed slurry, both highly
magnetic and weakly magnetic particles get stucthéosurface of the drum in
the first compartment while non magnetic particdes removed as tailings Bt
Both weakly and highly magnetic particles travedrg the surface of the first
drum and are brought onto a place on the surfatieeabelow which there is no
magnet inside the drum. But from this place they atracted by the magnets
facing them in the second drum and shift onto tinidase of the second drum
placed in the next compartment. As the magnetid firength is low in the
second compartment, only strongly magnetic padiskxk to the drum surface
and gets collected as concentrateDat The weakly magnetic particles are
collected as middlings &. Use of two drums separates the feed ore intethre
products i.e., concentrate, middling and tailingleskingle drum separator gives

only two products i.e., concentrate and tailing.

High Intensity Separators:
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Very weakly paramagnetic materials can be separfabad the ore by
employing high intensity magnetic field oT@slaor more. The cross-belt pick-
up separator is a very popular separator of thigl.kFurther high intensity
induced roll separators are widely used to treatbesands, wolframite, tin ores
and phosphate rock. It is also known as Dings laduRoll Separator.

Dings Induced Roll Separator:
The induced-roll Dings separator is shown scheraliyi in the figure10.3
and mainly consists of:
i. Horse-shoe magnét
ii. An iron keepeD facing the magnei.
iii . Two rolls, one opposite each primary pole.

The separator is shown schematically in the fijo8e

10.3. Ding’s High Intensity Induced Roll Separator.

135



The magnetic circuit is thus completed inside iextepting for very
small clearances between the rolls and the iropdeand also between the rolls
and the poles. The rolls are laminated to behavea darge assembly of
secondary poles. The strength of those poles vaseshe rolls revolve. It
becomes zero twice per revolution. As the ore gagipass over a roll, the
magnetic particles are drawn onto the laminateHadl they fall down' only
when they are at a position where the magneticngthe of the adjoining
secondary pole is zero. This means magnetic pasticbntinue to move along
the roll surface to a greater distance comparatbtemagnetic particles & fall
off much later. So the feed is separated into tiatfons as it passes through
the rolls. For proper working of Dings separatarselly sized feed is required
and it operates best on materials above 75micrdhe. effectiveness of the
separation on fine materials is severely reducedhbyeffects of air currents,
particle-particle adhesion and particle-rotor adhresThis is applicable and
most suitable for separating granular coarse nad¢erdf medium to low
susceptibility. This is successfully used on materlike mica & MnQ. After
magnetic separation is over the materials retaimes@mount of residual
magnetism. This retained magnetism is to be remdefdre the concentrate
can be treated further. This means the operatightoanagnetic separation is to
be demagnetization. The greatest advance in the dfemagnetic separation is
the development of high intensity wet magnetic sgfi@n. This has removed
the constraint of particle size of the dry separatiThe effectiveness of the
separation is enhanced as finer grinding is passibhding to maximum
liberation of the magnetic fraction.

Applications of Magnetic Separation:

1. For removal of tramp iron in coarse and intera@dcrushing circuits as a
protection to the crushing machineries.

2. To concentrate magnetite ore.

3. To concentrate ores other than magnetite afoeverting iron ores to

magnetite by magnetic roasting.
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4. To remove small quantities of iron or iron misde from the ceramic raw
materials

.Other processes of separation:

1. Hand sorting.

2. Electrostatic separation

1. Hand Sorting:

Hand sorting is an ore concentration process wtapends on human
observation and choice. It is a time consuming @sef separating the ore into
various grades on the basis of colour, heft, agpear of cleavage and feel. In
this process each piece of ore is to be examineisfeelection or rejection. So
the process is quite tiring and labour intensivd asnonly suitable for smaller
task. Nowadays hand picking is rarely used. Theomagasons behind the
obsolence of hand sorting or picking are:

1. Increased cost of labour.

2. Low grade feed makes hand sorting extremely diltficu

3. Increased efficiency of other mineral-dressingcpisses overhand sorting.
Concentration Processes Depending On Electrical Pperties of Minerals:

By exploiting the electrical properties of mineralsree distinct
industrial processes can be developed. They are:
1. Electrostatic separation.

2. Dielectric separation.
3. Electro-osmosis.
Electrostatic Separation:

Electrostatic separation is a method of concentyatir separating minerals
from each other on the basis of their differencesléctrical conductivities. The
basic principle of electrostatic separation is to@lomb’s law which implies
like charges repel and unlike charges attract.ds$ first used to separate zinc
ore from lead sulphide ore. However, it was abaedoafter introduction of
froth flotation. But recently it has got a new leasf life for separating non-
metallics. Electrical concentration can be broathgsified into:

1. Electrostatic separation. 2.High tension sejmra
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Theory:

It works on the principle of mutual attraction oilike charges and
mutual repulsion of like charges (Coulomb’s lawhn the basis of electrostatic
charge, a body is said to be positively chargetisfdeficient in electrons and is
said to be negatively charged if it has excesdeagft®ns. From the electrostatic
point, materials can be classified as:

a. Conductor: When electrons are highly mobile in them (Metals).

b. Insulators: No mobility of electrons in them (plastics, rubper
c. Semi-conductor: Higher mobility of electrons in them as compared to

insulators but much less conductivity comparedatedeictors.

Electron mobility increases in all materials whbay are placed inside an
electrical field. Almost all the metallic ores aminerals gain electron mobility
and develop excess electrical charges when theplaoed or brought near a
strong electrical field. This is due to electrostaduction. However, the extent
of induction will vary over a large range dependorgthe material. Depending
on the extent of induction ore particles can besifeed as:

a. Better conductors.
b. Poor conductors.

Electrostatic Separator Setup:
In electrostatic separation the feed material @ight near a revolving

roll which is either permanently electrified or etigfied by means of induction.
When the feed material touches the roll or comesr tiee electrified roll it

develops an electrostatic charge on its surfacéntdyction, conduction or by
friction from charged drum surface. According tce tiprinciple of mutual

repulsion of similar electrical charges, better dueting materials are repelled
away from the roll surface and fall with a trajegtaletermined by the size &
shape of the particle and the speed of the rotatlagtrified drum. The poor
conducting particles move along the roll surfacd have a free fall under the
force of gravity. The working of an electrostatieparator is shown

schematically in the figure10.4.
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High Tension Electrostatic Separation:

Similar to high tension magnetic separation, thigm@so a high tension
electrostatic separation. During this separatian rttaterial grains are charged-
up electrically due to ion bombardment on them glwith the induction from
the electrified drum. lons are produced in thegaip between the electrically
charged wire and the grounded electrified roll doevery high potential
difference of few thousand volts maintained betwtem. The air around the
wire becomes ionized and is attracted toward tloergted roll to discharge its
ions.

Usually a potential difference of 30kV and aboveajmplied to the wire
electrode to make a corona discharge. The wiretrelde is also known as
corona electrode. If the voltage difference isisightly high the ionized corona
is visible as a luminous discharge. On entering itite electric field the
conducting mineral particles are bombarded withegas ions and get charged
negatively and thus get deflected away from theugdo roll. The non
conducting particles are not deflected and havea fall as it happens in case
of usual electrostatic separator. The working ppiecof high tension separator

is shown schematically in the figurel0.5.
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Fig.10.5. High Tension Electrostatic Separ:

The dry mineral grains are fed as a layer of ontigha deep onto the
electrified roll with the help of a vibrating andetgseparated as per the
principle discussed earlier. High tension electistseparator is also known
as Huff's separator.

Requirements for the Proper Working of an Electrosatic Separator:

1. For electrostatic separation, feed materials rnestried prior to separation.

2. For effective separation dry minerals grains ardé fed as a layer of one
particle deep at the top of the rotating electtiifiell. This is achieved by using a
vibrating feeder.

3. For effective high tension separation, feed nbestlosely sized in the range
of 1.0 - 0.1 mm free from fines. Quite often thedematerial the feed material is
to be heated above room temperature for effecéparation.

Use

1. It is employed to separate conducting ores aimgnals from non-conducting
materials in ceramic industries.

2. This is applied for beneficiating rutile beaeimds from non-conducting silica
sand in rare earth plants.

*khkkkhkkkk

140



CHAPTER 11
AGGLOMERATION

Introduction:

Agglomeration constitutes those processes wheeegdfiained materials
like ore fines are converted into coarse lumps.dBcton of ore fines is an
inherent component of size reduction operation @h@mge amount of ore fines
are generated. Further lumpy lean ores are spaityficonverted to fines for
liberation and subsequent beneficiation of necgsssuable component. Hence
it is important to appreciate that ore fines arbdcconverted to lumps of proper
size with suitable physical characteristics for dening them suitable for
smelting or subsequent operation during extraatibmetals. The phenomenon
of converting fines to lumps is called agglomenatidhe basic techniques of
agglomeration are:

1. Sintering.

2. Pelletizing.

3. Briquetting.

4. Nodulizing.

5. Vacuum extrusion.

The above processes have developed to the extethteio
adoptability to the commercial practices. Out of #bove processes sintering &
pelletizing are widely used in preference to othmrsause of their technical and
economic suitability for agglomeration of iron dirges on a large scale.
Sintering:

Of all the agglomeration methods, this processthadargest industrial
application. Millions of tons of iron ore fines atenverted into sinters by this
method worldwide every year. Sintering may be dafias the agglomeration of
fine mineral particles into porous lumpy mass hgiprent fusion caused by the
heat produced by combustion within the mass itself.
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Principles of sintering:

Iron ore sintering is carried out by putting a mie of ore fines mixed
with solid fuel on a permeable endless moving grake top layer of this bed is
heated to the sintering temperature (1200-1300G)asyor oil fuel burner while
air is drawn downwards through the ore bed by thatien box kept below the
grate. The narrow combustion zone developed ihitat the top layer travels
through the ore bed rising the temperature of thd kayer by layer to the
sintering temperature. The temperature conditiciinbd in a sinter bed, as the
bed moves forward, is shown schematically in tlgur211.1 of a sintering

machine.

Fig.11.1. Dwight-Lloyd Sintering Machine.

The machines used to carry out sintering is knasrDwight-Lloyd
sintering machine as shown in the above figure. filhe ore concentrate is
charged as a layer of 15-20 cm thick on to the essllmoving grate at a
regulated speed. The igniter starts the combustidhe surface of the bed. This
combustion zone then propagates through the bethéyair current drawn
through the bed of ore by the suction box keptwedlte grate. Sufficiently high
temperature is developed in the combustion zoneclwhéesults in bonding

between the ore grains due to incipient fusion @live grain boundaries.
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Process Variables:

The variables of the sintering process are asviaiio
1. The permeability of the sintered product is dedi by the particle size&
shape: Large, irregularly shaped particles credtiglaer permeability. Sintering
is best suited for materials of +100# which areuitable for making pellets.

2. Thickness of the ore bed: The permeability dreysen bed thickness
increases.

3. Volume of air-blast drawn through the bed: Higtie air-blast blown higher
will be the sinter permeability.

4. Rate of the blast drawn through the bed: Higherate of blast drawn higher
will be the sinter permeability.

5. Amount and quality of the fuel used: higher thmntity of fuel used higher
will be the permeability.

6. Amount of moisture in the charge: Higher the antoof initial moisture in
the charge higher will be the sinter cake permégbil

The finished sinter is tested for their strengghnireans ofShatterand
Tumblerindex tests to assess its properties and suttalidi the subsequent
use.

The D-L sinter machines are largely used in thegrated steel plants
all around the world. Apart from being used fomirore fines it is also used to
sinter sulphide ores of zinc and lead. Sinteringuwphide ores does not require
any fuel as the combustion is exothermic in nature.

Pelletizing:

This method is particularly well suited for veryndi grained
concentrates or ores which are not suitable fotesig. Pelletizing is well
suited for ore fines of -100# size which are difftdo sinter. Pelletizing consist
of rolling of moist iron ore fines with or witholitinders to produce spheroidal
masses of 10-30 mm diameter. Subsequently thesst maisses are fired at
high temperatures to eliminate moisture and devetijg state bonding among

the grains to impart strength to the agglomeratetiges.
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Pelletizing process:

Pelletizing or pelletization process consists effiilowing steps:

1. Feed preparation.

2. Green ball production and sizing.

3. Green ball induratiora. Drying, b. Preheatingc. Firing.

4. Cooling of hardened pellets.

Theory of Bonding in Pellets:

Production of hardened pellets starts with thedpetion of green
pellets. The observation on ball formation duringllgtizing reveals the
following facts which are treated as theory of gtiding.

1. Dry materials do not pelletize. Presence of maisis essential in pelletizing.
However, presence of excessive moisture is dettishémthe process.

2. Surface tension of water on the surface of thdigles is responsible for
bonding of particles together in green condition.

3. Rolling of moist material leads to formationkals of very high density.

4. The easy of ball formation is directly relaten the surface area of the
particle. The process exhibits four distinct stagasng the entire process of
green ball formation and the stages are:

a. Pendular state: During this stage the water just holds the patidogether
due to its surface tension.

b. Funnicular state: During this stage some pores between the grasm$udly
filled by water.

c. Capillary state: During this stage all the pores are filled with erat

The stages of pelletizing are shown schematicalthé fig11.3.
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Mechanism of Ball Formation:

The pellet formation is a two stage process asvial
a. Nucleation or seed formation
b. Ball growth.

The formation of balls on the pellet making maehitpelletiser)
depends primarily on the moisture content. It hasnbfound out that around
10% moisture content is the critical value to pdavthe best possible properties
to the pellets. Onc~ ~ritinal amannt af maictirarded it ig ghserved that the
size of the pellets Fig.11.3. Stages of Pe"etizmg\d the total time of
residence in the pelletizer. The relation betwesn @average diameter of the

pellets and the total number of revolution is shamthe figurel11.4.

Fig.11.4. Pellet size vs. No. of Drum Revolution.

The figure clearly suggests three distinct zorse®bows:
a. Nuclei formation.
b. Transition zone.
c. Ball growth zone.
Machines used for Pelletizing:
Usually two different types of machines are usadpklletizing:
a. Disc pelletiser
b. Drum pelletiser.

Of the two machines drum pelletiser finds most lesitee use industrially.
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Disc Pelletizer:
It is a disc with an outward sloping peripheral Muahich is rotated

around its own centre in an inclined position asghin the figure11.5.

Fig.11.5. Disc Pelletiser.

The disc is 3-6meter in diameter and is inclinedraangle of 45 to the
floor. Materials are feed directly to the disc witlater spray arrangement for
adding water. Scrapper is used to prevent buildimgf moist materials on the
disc surface. The disc is rotated at a speed df5Lfpm. Pellets are rolled out at
10-30 mm size. The rate of production of balls atisz pelletizer is a function
of the following variables:

. Diameter of the disc.

. Height of the peripheral wall.

. Angle of inclination of the disc to the horizaht
. Speed of rotation.

. Rate of moisture addition.

. Rate of feed.
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. Rate of withdrawal of the product.
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8. Nature and size of the feed material.
9. Desired size range of the pellets.
10. Use of additives like flux, binder and etc.
Drum Pelletiser:
It is a simple drum with both ends open. It hagrgth to diameter
ratio of 2.5-3.5. It rotates around its own axigadlight inclined position like a
trommel. The drums are 2-3 meters in diameter a@dvéters in length having
a rotational speed of 10-15 rpm. The angle of iratlon is around 2-£0 The
charge is fed at the upper end of the drum alonly water and gets rolled into
balls as it moves towards the discharge end ofitben. The major difference
between them is that the disc pelletizer acts atassifier unlike the drum
pelletizer. The size range of the output from thend pelletizer is larger and it
should be operated in closed circuit with a scréém optimum ball size should
be kept around 10-15mm. The rate of productionesiréd size balls in a drum
pelletizer is a function of the following variabies
1. Speed of rotationgm).
. Angle of inclination of the drum to the ground.
. Diameter of the drum.
. Rate of feed.

. Depth of the material in residence (load).

o o B~ WN

. Moisture content.
7. Nature and size of the feed material.
Induration and Firing:
The green pellets produced either by disc or dpattetizer are then
sent for induration which is broadly a three stpgmcess. The stages are:
a. Drying.
b. Preheating
c. Hardening.
Initially the green pellets are dried at 320and further preheated to
500-600C and finally the preheated pellets are fired 200t3400C in a shaft

kiln or grate machine for developing solid state.
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Bonding among the grains leading to hardening efphbllets. The generalized

flow diagram of a pelletising plant is shown sché&oadly in the figure 11.6.
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