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Welcome to the second part of lecture 4 which is on classification as well as jigging. So concept
of classification and the equipment related to classification that we have already covered in part
1 of this lecture. Now here we will solve some of the examples on classification and then we will

discuss concept of jigging.

(Refer Slide Time: 00:49)

Bauxite ore, consists of bauxite and silica, is cleaned through water flowing in laminar
zone in classifier. After cleaning three parts should be appeared: pure bauxite, pure
silica and mixture of these, The size range of particles is 20-600 pm. Compute the size
range of three parts. Densities of bauxite and silica are 2200 kg/m® and 2800
kg/m3, respectively.

Therefore, let us start with the example 1, and in this example bauxite ore consists of bauxite and
silica is cleaned through water flowing in laminar zone in a classifier. So you can see that zone is

already given and we have bauxite ore which is the mixture of bauxite as well as silica. After



cleaning three part should be appeared, first is pure bauxite, second is pure silica and then third is
the mixture of these. The size range of particle is 20-600 um. So this size range is applicable for

three part where bauxite, silica both are having same size range from 20-600 um.
Densities of bauxite and silica are given as 2200 kg/m® and 2800 kg/m?® respectively. So what is
the point over here that we have to compute the size range of three part, what is the size range of

pure bauxite, what is the size range of pure silica, and what is the size range of mixture?

(Refer Slide Time: 02:06)

Bauxite ore, consists of bauxite and silica, is cleaned through water flowing in laminar
zone in classifier. After cleaning three parts should be appeared: pure bauxite, pure
silica and mixture of these. The size range of particles is 20-600 um. Compute the size
range of three parts. Densities of bauxite and silica are 2200 kg/m* and 2800

kg/m?, respectively. W

As bauxite is lighter than silica, it should come as
overflow in classifier. However, its largest part
may come with the mixture. Similarly, silica
should be collected as underflow though smallest
particle of silica may be in the mixture. To decide
the size range settling ratio should be computed.

So let us start the solution of this problem and before solving it we should understand the
concept of it. If you compare the densities of bauxite as well as silica, bauxite is having lesser
density or it is lighter in comparison to silica. Therefore, bauxite will settle as overflow and silica

will settle as underflow.

However, we can have the mixture also, because what happens the terminal velocity of largest
particle of bauxite would be equal or would be larger than the terminal velocity of smallest

particle of silica. So therefore, we have the mixture of the silica as well as bauxite along with the



pure collection of these. Therefore, we have to decide the size range of all three sections. So

these size ranges can be defined, can be decided based on the settling ratio.

(Refer Slide Time: 03:06)

Bauxite ore, consists of bauxite and silica, is cleaned through water flowing in laminar
zone in classifier, After cleaning three parts should be appeared: pure bauxite, pure
silica and mixture of these. The size range of particles is 20-600 um. Compute the size
range of three parts. Densities of bauxite and silica are 2200 kg/m*® and 2800

kg/m?, respectively. m

As bauxite is lighter than silica, it should come as

Bauxite overflow in classifier. However, its largest part

' Bawsite s slica ™AV come with the mixture. Similarly, silica

should be collected as underflow though smallest

Silica particle of silica may be in the mixture. To decide
the size range settling ratio should be computed.

Ore

For example, we are having ore and the overflow is basically bauxite which is lighter in
comparison to silica and underflow we have the silica and third section is we have the mixture of

bauxite as well as silica. So we have to decide the range based on settling ratio.



(Refer Slide Time: 03:32)

Bauxite For laminar flow:
A ™ 05
‘ Bauxite + silica [i]: PP ] Ais silica, Py 2800 kg/ml
Ore Siics dy} (P py) Bishauxite, p, = 2200 kg/m’

Given size range is 20 = 600 um

Size of silica that will settle along with the largest particle of bauxitei.e. 600 pm:

So we are already given the laminar flow where the settling ratio [da/ds] = [pe- pe/ pa- pe]®® this
equation we already have derived while studying the classification in part 1 of this lecture. So A
we are referring to silica and B to bauxite, where pa is 2800 and pg is 2200. So given size range

is 20-600 um which is applicable for silica also and bauxite also.

So size of silica that will settle along with the largest particle of bauxite that is 600 um. If you
see this settling ratio this ratio speaks about equally falling particle, therefore when we are
considering that bauxite will be collected as oversize, so it is very possible that largest particle of
bauxite will come into the mixture. So what is the size of silica which will settle along with the

largest particle of bauxite?
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Bauxite For laminar flow:

S Silica b) \pimpy

Given size range is 20 - 600 pm

Size of silica that will settle along with the largest particle of bauxite .. 600 pm:

d,) (200-1000)"
(_AH ]:0.8165 d,=489.9 pm

600) | 28001000

So if you see the largest particle of bauxite we have taken 600 pum and da we have to calculate.
When we calculate da from this it comes out as 489.9 um. What is the meaning of this, that when

largest particle of bauxite will settle along with this silica particle will also settle which is having

diameter 489.9 um.

So what is the range of silica which will go to the underflow, the range will vary from 489.9 um

and greater than this. So you can understand up to 489.9 um silica will found in the mixture and

the larger particle then this will come in the underflow.

‘ Bauxite + silica [ d_‘ ]_[ PPy ]"‘ Ais silica, p, = 2800 kg/m’
Bis bauxite, pg = 2200 kg/m?
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05
h- P,] Ais silica, p, = 2800 kg/m?
PaPr)  Bisbauxite, py = 2200 kg/m?

Bauxite For laminar flow:

‘ Bauxite + slica ]

Ore

Y
dB

Silica
Given size range is 20 = 600 pm

Size of silica that will settle along with the largest particle of bauxite i.e, 600 pm:

05
[ d, )z[zzoo-um] NS g, =4899,

600/ | 2800-1000

Therefore, particles of silica greater than 489.9 um will be collected as
underflow.

Therefore, the particles of silica greater than 489.9 um will be collected as underflow.



(Refer Slide Time: 06:01)

Similarly, size of bauxite that will setle along with the  ACALANR.

smallest particle of silica i.e. 20 pm:

In a similar line we can calculate the size of bauxite that will settle along with the smallest
particle of silica, because largest particle will definitely settle in overflow, but smallest particle
will remain in the mixture. So what is the size of bauxite particle which will settle with the

smallest particle of silica, and size of the smallest particle of silica is 20 um.



(Refer Slide Time: 06:29)

Similarly, size of bauxite that will settle along with the m

smallest particle of silica i.e. 20 pm:

[@]:[2200-1000

{15
d, 2800—]000) =08165 dy=24.5pm

So following same equation we can calculate dg because da we have fixed to 20 um. So dg from
here we can calculate which comes out as 24.5 um. Now what is the meaning of this, this is the
size of bauxite that will settle with the smallest particle in silica, and this will fall in the mixture.

So the bauxite particles having size lesser than 24.5 will go to the overflow.
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Similarly, size of bauxite that will settle along with the Example =1

smallest particle of silica i.e. 20 um:

20\ (2200-1000)"
(—]=( ] =0.8165 d;=24.5pum

d, | | 28001000

Therefore, particles of bauxite smaller than 24.5 jim will be collected as overflow

The selected size range:
Bauxite 20t0-24.5 im

‘ Bauxite + silica  24.5 to 600 pm bauxite and 20 to 489.9 m silica

% Ngica  +4899t0600m

Yes, therefore the particles of bauxite is smaller than 24.5 pm will be collected as overflow. The
selected size range therefore, this is the ore and we have bauxite, the size range is 20 to lesser
than 24.5 um, 20 is the minimum size. Silica that is +489.9 um to 600 pm and mixture we are
having for bauxite as well as silica where bauxite size vary 24.5 to 600 um and silica particle size

vary from 20 to 489.9 um.

So these are the size ranges of overflow, underflow and the mixture. Now here we have second
example of classification. In this example again | am having the mixture of two material that is

ore and gangue, ore is having a density of 2000 kg/ m?
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Mixture of an ore (density 2000 kg/m?) and gangue ii!imi!iiﬁ
(

’ N : :
denflty 7000 kg/m?) is to be separated in a hydmu.hc Particie st e | Mass action
elutriator. The mixture has following size
distribution, which is valid for ore as well as gangue, | 0-84049 051
Predict the upward velocity of water in elutriator so | -0.49+0.40 0.28
that entire ore is collected in the overflow. Also ensure | .0.40+0.36 021
that not gangue should be present in overflow.
.20
Use fo=—77

Rell‘

And gangue is having density 7000 kg/m® which we have to separate through hydraulic
elutriator, so elutriator working, | guess you understand that here we have the flow of the water
and the particle which are coming from the top it if the particle is having larger settling velocity
then the upward velocity of the water so particle will settle down otherwise it will be collected, it

will carried out by the water and collected as overflow.

So that is the concept of elutriator, so the mixture has followed the size distribution which is
valid for ore as well as gangue, so if you see the associated table of this problem here we have
particle size, in this the size vary from 0.36 to 0.58 mm and this range which is 0.36 to .58 it is
applicable for ore also as well as for gangue, so what we have to predict over here is the upward

velocity of water in elutriator so that entire ore is collected in overflow.

It means we have to make sure that sharp separation is possible for ore as well as gangue, ore
should be collected as a overflow and gangue will be collected as underflow, so once we will
decide that velocity we have to ensure that no gangue should be present in the overflow, and here

we will use this relationship of fo which is 20 Re®® so you see here we do not know the region in



which particle is falling to, for computation purpose we are given the fp relationship with respect

to Reynolds number. So the expression of terminal settling velocity.

(Refer Slide Time: 10:12)

Mixture of an ore (density 2000 kg/m?) and gangue

: A : : m
(dens-lty 7000 kg/m?) |§ to be separated in a hydm{hc Purtiie st (), | Mass racton

elutriator. The mixture has following size

distribution, which is valid for ore as well as gangue. 0584049 051
Predict the upward velocity of water in elutriator so | -0.49+0.40 0.28

that entire ore is collected in the overflow. Also ensure | .0,4040.36 021

that not gangue should be present in overflow.
.20
Use f,

S Ref'l" W2
, , , , - d
Expression of terminal settling velocity: ¥, - [g x[gf-—&-]x 5--'-]

= 20 204"
yl- 4x P~ Py ng!}: = 2 L= : ‘.{o:+
Py P dnp

!

3 fo R’

This is the generalized expression where fp relationship is given to us so here we have rewritten
the expression and fp relation is given to us which we will put over here, so we have to calculate
the terminal settling velocities so fp relation we will put over here as a function of terminal
settling velocity and therefore fp we equated to 24/, this is Reynolds number particle where
terminal velocity term is also coming so we have fp in this form 20 p¢ *° / d,>° pr %° and V;>° so

this fp relationship we will use over here.

So expression of terminal falling velocity after keeping, after using the expression of fp in terms

of v;so here we have further resolved this and finally when we see.
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Expression of terminal settling velocity: E)(ample -2

4 = i d 5 0470
KI:EX[’C_”]X;,—L v .QX(W pl]"g‘lr‘fﬁ Prr
' 05
i i If entire ore must be collected in the overflow
P S S gd;,‘ then settling velocity of the largest particle of ore
V= ;x PR 204 should be less than the upward velocity of water
S 4 in elutriator,
Largest size of ore = 0.58 mm = 0,00058 m Particlesize (mm) | Mass fraction
p, = 2000 kg/m? -0.58+0.49 051
P (1)0331"1(3//"" K =0.009135 0.49+0.40 028
=0. ms
;ll i V,=00437mfs  |040036 |02l

Thus, upward velocity of water in elutriator should be more than 0.0437 m/s.

The expression this is the expression of terminal settling velocity of particle. Now what we have
to do after this, we have to calculate the velocity of water which is moving upward in the sense
that ore should be collected as overflow, no ore particle should come into the underflow. Now
what is the meaning of this the, if we have the range of particle size and if we calculate the

terminal settling velocity of largest ore particle, please try to understand this.

If we have to calculate the water velocity we have to calculate terminal settling velocity of ore,
now how we will compute this, what is the size of this? From the size range we can take the
largest size because when the largest size terminal settling velocity is computed and water
velocity is taken just higher to this it means it will make sure that all particle will be collected as
overflow. Therefore we have to calculate terminal settling velocity of ore considering largest size
of ore and from this table we can see the largest size that is 0.58 which is 0.0058m and the value

of parameters are given over here.

Considering this we can calculate the terminal settling velocity which is coming out as 0.0437
m/s therefore water velocity should be higher than this velocity, upward velocity of water in

elutriator should be more than 0.0437 m/s. Now second part of the question is we have to make



sure that no gangue should be available in overflow, so this same expression we will follow and

how we will compute this, we have the size range over here, now if we.

(Refer Slide Time: 13:33)

Expression of terminal settling velocity: EE

e 4X[ p,- p’]x gd,‘,‘ If overflow must he free from gangue then

3 20, settling velocity of the smallest particle of

{15
i gangue should be more than the upward

velocity of water in elutriator.

Smallest size of gangue = 0.36 mm = 0.00036 m Particle size (mm) | Mass fraction

= 7000 kg/m?
z"_ 1000 kgg//ml V5 =0,0268 0.58+0.49 051
=

-0.49+0.40 0.28
H=0001kg/ms y, =0,0896 m/s
§=9.81m/st i =

Do not want any gangue particle to be available in overflow then we have to make sure that
terminal settling velocity of smallest particle of gangue should be larger than the water velocity
which we have said which is just greater than 0.043m/s, so here we will calculate the terminal
settling velocity of smallest particle of gangue and the smallest size is 0.00036m and here we
have different parameters so we can calculate terminal settling velocity of particle which is

coming out 0.0896m/s.

So you see this velocity is greater than the water velocity which were just larger than 0.0437
which we have just computed in the previous slide therefore all gangue will be collected as
underflow, no gangue particle will go with the water in overflow, so in this way we compute the
particle size distribution when we handle the separation through fluids, and here we have another

example, in this problem the mixture of.
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- =

A mixture of galena and limestone (in the | particlesize (um) | Mass (%)
ratio of 3 : 7 by mass) is treated in a 20 10
elutriator using 7 mm/s of water flowing 20 2
upward in it. The size distribution for each m PR
material is shown in the table. If Stokes’

law will be applicable, find the percentage o >
of galena in overflow and that is in .0 i
underflow. Densities of galena and n 7°
limestone are 7500 kg/m® and 2700 80 n
kg/m?, respectively. 100 90

6 1RO

Galena and limestone having the ratio of 3:7 is treated in elutriator using 7mm/s of water
flowing upward, so water velocity is given here, the size distribution of each material is shown in
the table so you see different size and corresponding cumulative mass percentage is given to us
so if Stokes’ law will be applicable what we have to find is the percentage of galena in overflow
and that is in underflow, so densities of galena and limestone are given over here which shows

that galena is heavier than the limestone.

So particles of galena having settling velocity lesser than 7mm per second will be.
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Particles of galena having settling velocity lesser than 7 mm/s m
will be collected as overflow. Consequently, rest of the particles

of galena will settle in underflow. Similar is the case with

limestone.

Collected as overflow, now what we have to calculate over here that how much percentage of
galena is available in overflow as well as in underflow? For that purpose we should know what
are the fraction of galena which is available in overflow so that can be decided by settling
velocity of galena with respect to 7mm per second because that is the upward velocity, whatever

velocity.
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Particles of galena having settling velocity lesser than 7 mm/s m
will be collected as overflow. Consequently, rest of the particles

of galena will settle in underflow. Similar is the case with

limestone.

Of galena particle larger than this that will come in underflow and similarly we can have the case

with the limestone, so expression of.
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Particles of galena having settling velacity lesser than 7 mm/s m
will be collected as overflow. Consequently, rest of the particles

of galena will settle in underflow. Similar is the case with

limestone.

Expression of terminal settling velocity (Stokes’ law):

V:&'d;(/’p Pf) d :[ 184, ¥, ]w
184, g(ﬂ, pf)

r
Particle size of galena and limestone having settling velocity equal to 7 mm/s

[ 18x0001x0007 )"
? 1 9.81x(7500 - 1000)

d, (galena) = 44.5 ym

Terminal settling velocity here we have to follow the Stokes’ law, this is the expression of
Stokes’ law and diameter of particle with known settling velocity we can calculate from this
expression. So particle size of galena and limestone having settling velocity = 7mm/s so the same
expression we will use but we will use different densities, here we have used density of galena so
this is the particle size of galena which has settling velocity 44.5 um so you can see when we
have galena 44.5 um the particles of galena having size larger than this will settle in underflow.

And smaller than this will settle in overflow, in the similar line we can calculate.
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Particles of galena having settling velocity lesser than 7 mm/s m
will be collected as overflow. Consequently, rest of the particles

of galena will settle in underflow. Similar is the case with

limestone.

Expression of terminal settling velocity (Stokes’ law):

y thbn) [ Iy,
!
s

184, (o, »,)

12

Particle size of galena and limestone having settling velocity equal to 7 mm/s

18x0.001x0,007 ) '
o d ==
?19.81x(7500 -1000) !

18x0.001x0007 )

1 9.81x(2700 - 1000)

d, (galena) =445 um  d, (limestone) = 86.9 pm

Diameter for limestone which is coming as 86.9 um.
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d, (galena) = 44.5 um d, (limestone) = 86.9 um m

Therefore, fractions of particles of galena and limestone having diameters more
than 44.5um and 86.9uum, respectively, will fall in underflow,

Particlesize (um) | Mass (%)
20 10
30 2
40 43
50 55
60 62
70 70
80 77
100 90

Fraction of particles of galena = 48.4%
Fraction of particles of limestone = 81.5%

So these are the particle size of galena as well as limestone which has settling velocity = 7mm/s

therefore fraction of particles of galena and limestone having diameters more than 44.5 um and

6.9 um will fall in underflow, so this is the particle size and respective cumulative.
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d, (galena) = 44.5 ym d, (limestone) = 86.9 um m

Therefore, fractions of particles of galena and limestone having diameters more
than 44.5um and 86.9yum, respectively, will fall in underflow.

Particle size (um) | Mass (%) Fraction of particles of galena = 48.4%
& 5 "1 Fraction of particles of limestone = 81.5%
%0 /
30 22 L
40 a3 0
g 6.
50 55 g .
60 62 * o
70 70 2
80 7 %
10
100 90 :

Particle size, pm

Mass percentage is given over here so here you see we have the table of particle size as well as
cumulative mass percentage, we can draw this in this graph which shows that for corresponding
244.5 pum the mass percentage is 48.4 for galena and fraction corresponding to 86.9 um for
limestone the fraction is 81.5%. Therefore the percentage of mass of particles of galena in
underflow which is 48.4% which we have computed from the previous graph and similar value

similar mass fraction for particle of limestone in an underflow is 81.5%.
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% Mass of particles of galena in underflow = 48.4% m

% Mass of particles of limestone in underflow = 81.5%

% Mass of particles of galena in overflow = 51.6%
% Mass of particles of limestone in underflow = 18.5%

Ratio of galena and limestoneis 3 : 7
For 100 kg feed, 30 kg galena + 70 kg limestone

Galenain underflow = 30*0.484 = 14.52 kg
Galenain overflow = 30 - 14.52 = 15.48 kg

Limestone in underflow = 70*0.815 = 57.05 kg
Limestone in overflow = 70 - 57.05 = 12.95 kg

Therefore galena in overflow is basically 100 — 48.4 which is for 51.6% and limestone in
underflow is 18.5%, this is the fraction and the ratio of galena as well as limestone is given as
3:7 if 100kg feed is available in this 30kgs galena + 70kg limestone is there. So galena in
underflow, underflow percentage is 48.4 so 30 x 0.484 that is 14.52kg and galena in overflow is
30 — 14.52 that is 15.48kg, and similarly we can calculate the mass of limestone in underflow as
well as in overflow so that is 70 into 815 57.05and 70- 57.05 which is 12.95 kg limestone is

available in overflow, so the percentage of galena in underflow.
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% Mass of particles of galena in underflow = 48.4% m

% Mass of particles of limestone in underflow = 81.5%

% Mass of particles of galena in overflow = 51.6%
% Mass of particles of limestone in underflow = 18.5%

Ratio of galena and limestoneis 3 : 7
For 100 kg feed, 30 kg galena + 70 kg limestone

Galenain underﬂow; 30*0.484 = 14.52 kg
Galenain overflow = 30 - 14.52 = 15.48 kg

Limestone in underflow = 70*0.815 = 57.05 kg
Limestone in overflow = 70 - 57.05 = 12,95 kg

% of galena in underflow = [14.52/(14.52457.05)]x100 = 20.3%

You see the underflow is having 14.52kg/ 14.52+57.05 this limestone is also available in
underflow so percent of galena in underflow is 20.3% and in overflow it is coming out as

54.45%, so in this way you can calculate the percentage of a particular material in overflow.
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% Mass of particles of galena in underflow = 48.4% m

% Mass of particles of limestone in underflow = 81.5%

% Mass of particles of galena in overflow = 51.6%
% Mass of particles of limestone in underflow = 18.5%

Ratio of galena and limestoneis 3: 7
For 100 kg feed, 30 kg galena + 70 kg limestone

Galena in underflow = 30*0.484 = 14.52 kg
Galenain overflow = 30 - 14,52 = 15.48 kg

Limestone in underflow = 70*0.815 = 57,05 kg
Limestone in overflow = 70 - 57.05 = 12.95 kg

% of galena in underflow = [14.52/(14.52+57.05)]x100 = 20.3% b
% of galena in overflow = [15.48/(15.48+12.95)]x100 = 54.45%

As well as in underflow, so these three examples we have considered to illustrate the
computation how the classification is used to solve.
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% Mass of particles of galena in underflow = 48.4% m

% Mass of particles of limestone in underflow = 81.5%

% Mass of particles of galena in overflow = 51.6%
% Mass of particles of limestone in underflow = 18.5%

Ratio of galena and limestoneis 3: 7
For 100 kg feed, 30 kg galena + 70 kg limestone

Galena in underflow = 30*0.484 = 14.52 kg
Galenain overflow = 30 - 14,52 = 15.48 kg

Limestone in underflow = 70*0.815 = 57,05 kg
Limestone in overflow = 70 - 57.05 = 12.95 kg

% of galena in underflow = [14.52/(14.52+57.05)]x100 = 20.3% b
% of galena in overflow = [15.48/(15.48+12.95)]x100 = 54.45%

Different problems so let us start with the concept of jigging so classification which we have
just.
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Classification is possible only if the particles have different
terminal settling velocities in a given fluid. Equal falling
particles cannot be separated by classification.
However, even if the terminal settling velocities of two
particle in a fluid are same, their initial settling velocities
could be different. In such cases, these particles can be
separated by making use of the difference in their initial
settling velocities or initial acceleration. The process of
jigging is based on this principles.

Seen is possible only if the particles have different terminal settling velocity in a given fluid,
equally falling particle cannot be separated by classification however even if the terminal settling
velocities of two particle in a fluid are same their initial settling velocity could be different. In
such cases these particles can be separated by making use of the difference in their initial settling
velocity or initial acceleration, so the process related to this which considers the concept of initial
settling velocity.

We call it as jigging, so in jigging process what happens, we separate the particle based on their

initial settling velocity.
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In this material is allowed to settle for a brief period of time so jigging

that the particles do not attain their terminal falling velocities.

0
ma = mg - (m/p)pg - f§

Now if I consider this concept initial settling velocity so what happen, this is the force balance
equation and if you remember when we were discussing the terminal settling velocity we have
discussed that when particle start settling at initial stage its velocity is not significant and
therefore frictional force, therefore kinematic force offer to the particle is not significant, so in

that case.
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In this material is allowed to settle for a brief period of time so
that the particles do not attain their terminal falling velocities.

]
ma = mg - (m/p,)pg - ¢

ligging

This parameter will be equal to 0, so when | consider the initial settling velocity when Fp’ it
means while jigging process particle is allowed to settle for.
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In this material is allowed to settle for a brief period of time so
that the particles do not attain their terminal falling velocities.

ma = mg - (m/p)pig = fE
a=(1-plp)g

Jigging

A very short period of time, so when we have equated Fp to 0, so final expression we are having

as a=(1-p#/pp)g, so that a is the initial acceleration.
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In this material is allowed to settle for a brief period of time so
that the particles do not attain their terminal falling velocities.

ma = mg ~ (m/p,)pg = f§
a=(1-plple

The initial acceleration ‘a’ of a particle depends on the force of gravity and
densities of particle and fluid. It is independent of the size or shape of the
particle.

Jigging

Therefore, separation of two materials according to density may be
possible, regardless of the size, if settling periods are extremely short,

And you see the value of a, of the particle when we refer this particular expression it does not
depend on the size of particle it only depends on the densities of the particle. So here the size and
shape of the particle will not come into the picture, initial acceleration or initial velocity is only
dependent on the densities of material not their size, therefore separation of two materials
according to densities may be possible regardless of size, if settling period are therefore
separation of two materials according to density maybe possible regardless of the size if settling
periods are extremely short.
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In this material is allowed to settle for a brief period of time so
that the particles do not attain their terminal falling velocities.

ma = mg - (m/p,)pg ‘}{'o
a=(1-plp)e

The initial acceleration ‘a’ of a particle depends on the force of gravity and
densities of particle and fluid. It is independent of the size or shape of the
particle,

Jigging

Therefore, separation of two materials according to density may be
possible, regardless of the size, if settling periods are extremely short,

The relative acceleration or relative initial (a ‘] ; (p, - 2 Jx 0y

velocity of two materials A and B is: a; (/,, P/)" o

And relative acceleration or relative initial velocity of two materials we can calculate by this
where ap that is acceleration initial acceleration of particle A and this is the initial acceleration of
particle B, and this is the expression. So the concept of jigging is we have to let the particle settle

for very short time, and in that time separation is mainly occurred due to density.
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The difference between separation on the basis of initial ligging
velocity and terminal settling velocity is shown here.
Curve 1 - Slate particle of size d1 ot B
Curve 2 - Coal particle of size d1 fc_";',';a.'_s""
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Now the difference between separation on the basis of initial velocity and terminal settling
velocity is shown here, here if you see this graph here we have five different graphs. Now what
is the difference between the two, difference between all these graph that we will discuss. Now if
we consider this graph it is the velocity versus time plot, and curve 1 if | consider this is for slate
particle of size d1. Curve 2 is coal particle of size d1, now if you see the graph of curve 1 and
curve 2 in this plot here we have curve 1 is upper than curve 2, what is the meaning of this that
slate particle will settle with largest velocity in comparison to coal though both particles are

having same size.
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The difference between separation on the basis of initial Jigging
velocity and terminal settling velocity is shown here.
Curve 1-Slate particle of size d1 LNt
Curve 2 - Coal particle of size d1 - ) S
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And why it is so, because slate is having more density in comparison to coal. In the similar line if

we see the.
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The difference between separation on the basis of initial J'ggmg
velocity and terminal settling velocity is shown here.
Curve 1~ Slate particle of size d1 R
Curve 2 - Coal particle of size d1 - i
AT 2-oo¥
Curve 3 - Slate particle of size d2 (d2 < d1) < e 4 S
£ | e
Curve 4 - Slate particle of size d3 (d3 <d2) £ /// oSG 5 Caal
> /4 -~
Curve 5~ Coal particle of size d3 // /,’ %
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Curve 3 it has slate particle of size d2 and d2 is lesser than d1, so here you see curve 2 is having
coal with size d1 and curve 3 is having slate of size lesser than that of coal, so what is the
meaning of this, that smaller particle of slate will settle at the same time when the coal particle of
larger size will settle, okay. And here we have curve 4 as well as curve 5, curve 4 is the slate
particle of size d3 which is lesser than d2, and coal particle is having size equal to d3, so these

both curve 4 and 5 is of equal size particle but as slate is.
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The difference between separation on the basis of initial Jlgglng
velacity and terminal settling velocity is shown here.

Curve 1- Slate particle of size d1 e ok
Curve 2 - Coal particle of size d1 - S ) Sue
e 20
Curve 3 - Slate particle of size d2 (d2 <d1) ! Z YR
G i ——
Curve 4 - Slate particle of size d3 (d3 <d2) f %/ _ e -Gl
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Heavier than coal it will settle with large velocity than coal. Therefore, if you consider all these
curves here up to here when the particle will settle here the terminal settling velocity will
achieve. However, if we consider the initial part of the settling here you see all these dotted lines
are basically for coal and solid lines are basically for slate. So what is the meaning of this
particular section that whatever would be the size of particle all slate particle will settle faster as
far as this particular section is concerned, all slate particle will have more velocity in comparison

to coal irrespective of size. So therefore we can say the initial velocity.
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The difference between separation on the basis of initial Jlggmg
velacity and terminal settling velocity is shown here.
Curve 1-Slate particle of size d1 et &
Curve 2 - Coal particle of size d1 L0
AT
Curve 3 - Slate particle of size d2 (d2 < d1) . Z Turve 4-Su
#
Curve 4 - Slate particle of size d3 (d3 < d2) § A =R
7 -~
Curve 5~ Coal particle of size d3 // o L7 i
The initial  velocity or

acceleration of all slate particles

is greater than that of the coal.

Or the initial acceleration of particle will dependent on the density which is having larger than

density they will start settling faster.
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The difference between separation on the basis of initial Jlggmg
velacity and terminal settling velocity is shown here.
Curve 1-Slate particle of size d1 et &
Curve 2 - Coal particle of size d1 L0
AT
Curve 3 - Slate particle of size d2 (d2 < d1) . Z Turve 4-Su
#
Curve 4 - Slate particle of size d3 (d3 < d2) § A =R
7 -~
Curve 5~ Coal particle of size d3 // o L7 i
The initial  velocity or

acceleration of all slate particles

is greater than that of the coal.

In comparison to the particle having lesser density, and here we have the industrial equipment

related to the jigging and this we call the hydraulic jig.
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Hydraulic Jigging

' The hydraulic |ig
: operates by allowing
material to settle for
brief periods so that
the particles do not
attain thelr terminal
falling velocities,

/ (a) Downward stroke
{b) Upward stroke

(o)

The jig usually consists of a rectangular section tank with a tapered
hottom, divided into two portions by a vertical baffle, In one section, the
plunger operates in a vertical direction; the other incorporates the screen over
which the separation is carried out,

This is the hydraulic jig, so the hydraulic jig operates by allowing material to settle for brief
period so that particle do not attain their terminal falling velocity. Now here what will happen, if
you see these are basically the rectangular section tank in which the bottom section is tapered
and the upper section is divided in two part by putting baffle in between, so this is the baffle and
it is divided in two part. In one section the plunger operates in a vertical direction so if you see
this figure in one section what happens here we have this diaphragm and which has the

continuous stroke.

And due to this stroke the separation takes place, how it is that | will explain, and if you consider
the second part of this here we have the screen and slurry will allow to enter over here. So how
the jigging takes place, | do not know whether you understand the meaning of jigging in normal
in dictionary or not it is related with dancing. So here the particle used to dance when we allow
them to settle for very short time. So as far as functioning is concerned what happens here if you

see, here we have.
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Hydraulic Jigging
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the particles do not
attain their terminal
falling velocities,

; (a) Downwardstroke ...
{h] Upward stroke
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The jig usually consists of a rectangular section tank with a tapered
bottom, divided into two portions by a vertical baffle. In one section, the
plunger operates in a vertical direction; the other incorporates the screen over
which the separation is carried out.

The valve, so a, the first figure shows the downward stroke and upper b figure shows the upward
stroke. When we have the downward stroke it means when this section is closed it is completely
filled with the liquid so when we put the stroke over here, this diaphragm gets the stroke and
water which is available over here it used to moves to this place. And when water moves or fluid

is moved in this side it opens the bed, bed of particle which are available over here.

So it opens the bed and for very short time the particles are allowed to settle. And when the
upper stroke is concerned then this valve is open.
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Hydraulic Jigging
The hydraulic jig

g R operates by allowing

R \ material to settle for

ANz P brief periods so that
R

the particles do not
attain their terminal
falling velocities,

(a) Downward stroke
{b] Upward stroke

The jig usually consists of a rectangular section tank with a tapered
bottom, divided into two portions by a vertical baffle. In one section, the
plunger operates in a vertical direction; the other incorporates the screen over
which the separation is carried out.

And water is allowed to enter into this, and once water is allowed to enter it comes at this
position and then these valve closed we have the stroke over here, so water move from this side

to this side. So the material to be separated is fed dry.
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Hydraulic Jigging

The material to be
separated is fed dry, or
in suspension, over a
screen and is subjected
to a pulsating action by
liquid which is set in
oscillation by means of
a reciprocating plunger.

Or in suspension over the screen, and is subjected to pulsating action by liquid which is set in the

oscillation by means of reciprocating plunger or diaphragm, that just | have explained. So as

water passes upward the belt opens up and thus tends to rise.
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As the water passes upwards the bed opens up and thus tends to rise. During
the upward stroke the input of water is adjusted so that there is virtually no
flow through the bed (Fig. b).

That just we have discussed. During this upward stroke the input of water is adjusted so that
there is virtually no flow through the bed, it means liquid will come over here but then it come
downwards so there is no flow of liquid through this bed. So during this period differential
settling takes place and the denser particle tends to collect near the screen and lighter material
above it. After a short time the material becomes divided in four different stages, so what
happens when liquid comes to this and it opens the bed then for very short time it will start
settling.
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During this period differential settling takes place Hydraulic j|gg|ng

and the denser material tends to collect near the
screen and the lighter material above it. After a short
time the material becomes divided into four stages:

The bottom layer consisting ~ w.s oo

|
of the large particles of the |
\

heavy material, the next of
large particles of the lighter
material, small particles of
the denser material are able
to fall through the spaces >
between the larger particles. \Y@"v‘:’/ (3] Downwardstroke ;i
Small and lighter particle will i85 (b) Upwardstroke |
remain suspended. "

v

So how the settling will occur, the bottom layer, bottom layer means which is near to this screen
which is just above to the screen, so bottom layer consist of large particles of heavy material and
next of the large particle of lighter material so you see bottom most we have heaviest as well as
lightest material, above this we have the lighter and large particle and small particle you see is

small particle of higher density that can pass through the bed of large particle.

Because when large particle are collected at one place there is space in between are available for
movement of fine particle of high density, so fine particle of high density moves from that bed of
large particle and they are collected at the bottom. So if we consider this particular section that is
heaviest and smallest particle, and further the finest, and finest as well as lightest particles which

are available that remains suspended in the slurry and that can be separated.

So the four section, first is heaviest and largest second is lightest and largest third is smallest and
heaviest and fourth is smallest and lightest. So four sections we are having and these was about
the jigging, now in this particular lecture we have considered, we have discussed the concepts of
classification and jigging
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Summary of the Lecture

v Concepts of classification and jigging are discussed.

v Industrial equipment related to classification and jigging
are described along with their working,

v Three worked examples on classification are considered.

And then we have discussed the industrial equipment related to the classification and jigging
along with their working and here in this the lecture four we have also discussed three work

example to illustrate the use of classification concept in example in different problems.
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So here we have the references for lecture five and it was all about lecture five and here we are
ending the course, it was a four week course. | hope you will be benefited by this course, | expect

your enthusiastic participation in this course, wish you all the best, thank you.

Educational Technology Cell
Indian Institute of Technology Roorkee
NPTEL

Production for NPTEL
Ministry of Human Resource Development

Government of India

For Further Details Contact

Coordinator, Educational Technology Cell
Indian Institute of Technology Roorkee
Roorkee-247 667

E Mail — etcell@iitr ernet in, etcell iitrke@gmail.com

Website: www.nptel.ac.in



mailto:iitrke@gmail.com
http://www.nptel.ac.in/

Acknowledgment
Prof. Pradipta Banerji
Director, IIT Roorkee

Subject Expert & Script

Dr. Shabina Khanam

Dept. of Chemical Engineering
IIT Roorkee

Production Team
Neetesh Kumar
Jitender Kumar

Sourav

Camera

Sarath Koovery

Online Editing
Jithin. K

Editing
Pankaj Saini

Graphics
Binoy. V. P

Nptel Coordinator
Prof. B. K. Gandhi

An Educational Technology Cell



IIT Roorkee Production

© Copyright All rights Reserved

WANT TO SEE MORE LIKE THIS
SUBSCRIBE



