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Welcome to the second lecture of week 3 which is on examples of laws of comminution. This
lecture 2 where | am discussing different example, it will have two different part, in part 1, | will
consider two examples and in part 3 | will consider three examples. So total using five different
example | will demonstrate how to calculate the power consumption in comminution process

using three laws of comminution.
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] -Eiéﬁple- 1

A material is crushed in a jaw crusher in which feed of average size of 60 mm is
reduced to 10 mm while consuming 15 kW/(kg/s) energy. Compute the energy
consumption to crush the same material of 80 mm average size to 20 mm, Use
Kick’s and Rittinger's laws.

Example 1, in this example we have considered a problem where a material is crushed in a jaw

crusher in which feed of average size of 60 mm is reduced to 10 mm while consuming 15



kW/(kg/sec) energy. So we have feed of 60 mm and product of 10 mm and while crushing we

are using 15 kW/(kg/sec) energy.

Now what we have to compute the energy consumption to crush the same material of 80 mm
average size to 20 mm. Further we have to calculate energy consumption for crushing same

material and the energy consumption will be computed using Kick’s as well as Rittinger’s law.
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A material is crushed in 2 jaw crusher in which feed of average size of 60 mm is
reduced to 10 mm while consuming 15 kW/|kg/s) energy. Compute the enargy
consumption to crush the same material of 80 mm average size to 20 mm, Use

Kick's and Rittinger’s laws, m
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Let us start the computation first using Kick’s law. So as you are very well aware with the
expression of Kick’s law and it is basically E/M that is energy consumption for crushing M unit
of material. It is equal to Kk that is Kick’s constant In D¢/Dp. So here we have, if you see the first
part of this question, here we have already given the energy consumption that is value of E/M is

already known to us.

And it is equal to Kk In De/De. So in first case D would be 60 mm and Dp would be 10 mm.
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A material is crushed in a jaw crusher in which feed of average size of 60 mm is
reduced to 10 mm while consuming 15 kW/(kg/s) energy. Compute the energy
consumption to crush the same material of 80 mm average size to 20 mm, Use
Kick’s and Rittinger’s laws,

P 0
SopmlPel x| D
M [n,.] "(10)

Ky = 8.3717 kW/(kg/s)

So once we use these value in the expression so E/M is replaced with 15 = K In 60/10. And
while after resolving it we can calculate the value of Kick’s constant which comes out as
8.3717kWI/(Kkg/sec). So here you see the unit of Kick’s constant is equal to that of energy in the

present case because that diameter is in the ratio form, so unit will be equal to as of that of
energy.
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A material is crushed in a jaw crusher in which feed of average size of 60 mm is
reduced to 10 mm while consuming 15 kW/(kg/s) energy. Compute the energy
consumption to crush the same material of 80 mm average size to 20 mm, Use
Kick’s and Rittinger’s laws,

E D 60
Mot [n,.] ‘ "(10)

Ky = 8.3717 kW/(kg/s)

Once I am having the value of Kick’s constant I can use this value of Kick’s constant to calculate
energy consumption while crushing material from 80 mm average size to 20 mm size. Now why

we are using same Kick’s constant, because material for which I am calculating the energy

consumption is same.

However, its feed as well as product size will change and therefore, we can utilize the Kk which
we have calculated here as 8.3717 that we can use.
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A material is crushed in a jaw crusher in which feed of average size of 60 mm is

reduced to 10 mm while consuming 15 kW/(kg/s) energy. Compute the energy
consumption to crush the same material of 80 mm average size to 20 mm, Use
Kick’s and Rittinger's laws,

E D 60
—=K In| £ 15=K, In|
Mo (D,.] ‘"(10)

Ky = 8.3717 kW/(kg/s)

£=83717 In {@-J
M 20

So finally we have E/M which we have to compute equal to Kick’s constant value that is 8.3717
In 80/20.
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A material is crushed in a jaw crusher in which feed of average size of 60 mm is
reduced to 10 mm while consuming 15 kW/(kg/s) energy. Compute the energy
consumption to crush the same material of 80 mm average size to 20 mm, Use

Kick's and Rittinger’s laws, m
k D 60

—=[( lu = |5=K In -

Mo (D,.] ' (10)

K, =8.3717 kW/(kg/s)

I 80
—=83717 In| — -
= 83717 "(20) E/M = 11.606 kW/(kg/s)

So using these value we can calculate energy consumption per unit of feed handled. So the value
comes as 11.606kW, and here if you see the expression and if you see the value it varies from 60
mm to 10 mm and 80 mm to 20 mm. So it comes under coarse crushing where Kick’s law is
applicable. However, in the present example the same problem we have to solve using the

Rittinger’s law.
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Rittinger’s law m

Now as far as Rittinger’s law is concerned this is the expression of Rittinger’s law where
E/M=KRg'[1/dysp-dvsi]. So here you can understand that when we have discussed Rittinger’s law in
lecture 1 of week 3 there we have represented this in terms of specific surface of product as well
as feed.
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Rittinger’s law m

And in terms of this dys that is sorter diameter which is the volume surface mean diameter. And

in this particular example as we are given the feed we are not given the distribution.



(Refer Slide Time: 05:31)

Rittinger’s law m

Therefore we cannot use the Rittinger’s law in terms of specific surface, we have to use the
Rittinger’s law in terms of Sauter diameter or volume surface mean diameter. So whatever value

we are given for feed as well as product.
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Rittinger’s law m

Volume surface mean diameter of feed = 60 mm

Volume surface mean diameter of produet = 10 mm

That we can assume as the volume surface, mean diameter. So for feed volume surface mean
diameter is equal to 60 mm and volume surface mean diameter of product is 10 mm, so that we

have assumed to be used in this expression.
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Rittinger's law m

Yolume surface mean diameter of feed = 60 mm

Volurme surface mean diameter of product = 10 mm

So once I use the value of dys, and dyss in this E/M | already know, so here | will write the value
of E/M which is given as 15 Kg' that we have to compute, 1/10 that is the value of volume
surface mean diameter of product, -1/60 60 is the value of volume surface mean diameter of
feed. So considering all these value that is energy consumption, mean diameter of feed as well as

product we can calculate the value of Kg' constant.
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Rittinger’s law m

Volume surface mean diameter of feed = 60 mm

Volume surface mean diameter of product = 10 mm

10 6

5= K,', [ ! 1'] K’y = 180 kW.mm/({kg/s)

We can say revise Rittinger’s constant and is equal to 180 kW mm/kg/sec. So this Kg' value we
can use to calculate the power consumption using Rittinger’s law when we have to crush the

material from 80 mm size to 20 mm size which is the second part of the problem, here we can
calculate E/M value.
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Rittinger’s law Example -1
Volume surface mean diameter of feed = 60 mm
Volume surface mean diameter of product = 10 mm
Lo | 1 | L el
—=K -— 15=K,| ———| K=180 kW.mm/(kg/s)
M 7 dn,}’ wt g [IO 60“ ;
: =180 L
M 20 80

Which is equal to 180 the value of Kg" we can Kg" as it is over here because we are using the
same material to be further crushed from 80 to 20, so here we will again assume that volume

surface mean diameter of feed is 80mm and volume surface mean diameter of product is 20mm.
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Rittinger’s law
Volume surface mean diameter of feed = 60 mm
Volume surface mean diameter of product = 10 mm

k |l 1 | e !
—=K,| —-— 15=K,| ———| K’ =180 kW.mm/(kg/s)
M R’dn, d l ”[10 w} ’ ¢

wt

- -180[ Lo ] /M = 6.75 kW/(kg/s)

20 80

So considering the value of Kg” DVSP and DVSF we can calculate energy consumption per unit

feed rate using Rittinger’s law which comes out as 6.7 kW / (kg/s), so here you see we have

solved a very simple example in which a feed size is given, product size is given and we have

computed the energy consumption using Kick’s law as well as Rittinger’s law. Here Rittinger’s

law we have used slightly differently, instead of surface area we have used volume surface mean

diameter of feed and product, so this a simple example how to calculate the energy consumption

using Kick’s as well as Rittinger’s law.

Now here | have considered a complicated problem as example 2, now in this example what

happens.
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A ball mill is fed with fresh feed (F) as 30x10* kg/h and the product P is screened using a
screen of 295 um aperture size. Oversize are recycled at a rate of 60x10* kg/h. Calculate
the energy consumption of hall mill for open circuit as well as closed circuit grinding and
the effectiveness of 295 pm screen considering oversize as a desired product, Work
index = 12.74 kWh/ton is given.

We have a ball mill and this ball mill is fed with fresh feed that is F as 30x 10° kg/ h or 30t/ h, so
feed to the ball mill that we call fresh feed or we can call it maker feed also which is 30t/h and

product P is a screen, using a screen of 295 um aperture size, now where this F and P in ball mill
that we can see from this.
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A ball mill is fed with fresh feed (F) as 30x10% kg/h and the product P is screened using a
screen of 295 um aperture size. Oversize are recycled at a rate of 60x10* kg/h, Calculate
the energy consumption of ball mill for open circuit as well as closed circuit grinding and
the effectiveness of 295 pm screen considering oversize as a desired product, Work
index = 12.74 kWh/ton is given.

Figure now if you see this figure this the ball mill and in this ball mill F; feed is entering, now
what is this F then? F is nothing but the maker feed to ball mill so as far as maker feed is
concerned we have denoted this with F and the feed to ball mill is concerned that we have
denoted with F;. So product of ball mill that is P is coming from ball mill after crushing and this
product is passed through a screen which is having aperture size of 295 um, then this P is passed
through this screen, some of the material is collected as undersize and this we have donated as P;.
the oversize of this screen is undesirable so that will be recycled back to the crusher.

So in this case F is the maker feed and P; is the final product R we have denoted as recycle, so
the problem goes as oversize are recycled at a rate of 60 x10° kg/h so this R value is having the
rate of 60 ton/ h, now what we have to calculate the energy consumption of ball mill for open
circuit as well as closed circuit grinding and further we have to calculate the effectiveness of 295

um screen considering oversize as the desired product.

For this problem work index is given to us that is 12.74 kwWh/ ton, now as we know that work
index is related with the Bond’s law so we have to calculate energy consumption in this example

suing Bond’s law. Example 1 | have shown the computation using Kick’s law as well as



Rittinger’s law, here | have considered Bond’s law to demonstrate how the energy consumption

will be calculated using this.
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A ball mill is fed with fresh feed (F) as 30x107 kg/h and the product P is screened using a
screen of 295 um aperture size. Oversize are recycled at a rate of 60x10° kg/h. Calculate
the energy consumption of ball mill for open circuit as well as closed circuit grinding and
the effectiveness of 295 um screen considering oversize as a desired product. Work
index = 12,74 kWh/ton is given.

Mosh size {um) Mass Fraction Mesh size {pm| Mass Fraction
. F R Py F R P,
-13330 49423 [0.051| © 0 $334589 100340209 | 0
9423 +6680 10202 | 0.06 0 589+417 1 0.026 | 0036 | 0051
-G080 +4699 (0,174 | 0.07 0 4174295 | 0,019 | 0.026 | 0.125
469943327 10025 [ 0082 | 0 2954208 | 0.021 | 0.014 | 0.19
3327 42362 | 0.085 | 0.095 0 208+147 | 0017 | 0.011 | D131
-2362 41651 10,055/ 0.028 | 0 -147 4104 | 0.015 | 0.009 | 0.119
1651 +1168 10047 [ 0185 | 0 104474 10,013 | 0,006 | 0.097
|_-1168+833 [0031] 0469 | 0 RL 0085 0.03 | 0.267 |

SSSSSS.
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Denoted the closed circuit if you understand the 5™ lecture of week 2 where we have discussed
different mode of operation for size reduction, so the complete diagram shows the closed

assembly of.
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Crushing, now in this diagram what is the open cycle and what is the closed cycle or what is
open circuit what is closed circuit? If you understand open circuit it says that material passed

from one end or to the crusher and will leave from other end of the crusher so considering this if

we understand.
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The ball mill and only and we enclose the ball mill where if I consider input and output to this
enclosure F; would be the input and capital P would be the output, so as far as open circuit
definition is concerned material which is passed into the crusher and material which is leaving
from the crusher, so F; and P if | am considering it is the part of open circuit and if | consider the
recycle part inside this then we can call this as a closed circuit because close circuit has some
material which is undesirable which is continuously fed to the ball mill, so if I consider close

circuit.
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For open circuit: F, is feed and P is product

For closed circuit: F is feed and P, is product
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Then in it to the closed circuit is capital F and exit to the closed circuit is Py so if | have to
calculate power consumption for open circuit | have to focus on F; and P where F; would be the
feed and P would be the product, if I consider closed circuit then f is the feed and P; is the
product so | hope you are understanding what is open circuit and closed circuit in a crusher
problem. So here what we have to do, first of fall we have to complete the data for computation

purpose, now what is left in the data table.

(Refer Slide Time: 15:33)

In data table mass fractions of F, R and P, are known. For closed circuit F and P1 are
required, which are given in the table whereas, mass fraction of F, and P should be
computed for open circuit,

Mesh size Mass Fraction Mesh size Mass Fraction
(jam) F L] Py {um) F R P,
Fi=F+R 133209023 \QUED| (0D | 0 | 8334588 | 0034 | 0209 | 0
Fox = FX+RX, 9473 46680 | 0202 | 0.06 | 0 | 5894417 | 0.026 | 0.036 | 0.051
K,=[FX+RX,,]/(F+R’ -BABO #4699 | 0174 | 0.07 0 4174295 | 0.019 | 0.026 | 0.125
: -1699 3327 | 0.125 | 0.082 | 0 | -2954208 | 0.021 | 0,014 | 0.19
For -13330 49423 size -3327+2362 | 0.085 | 0.095 | 0 | -208+147 | 0.007 | 0.011 | 0.131
%, % (30x0.051 + 60x0)/90 | 2362 +1651 | 0,055 | 0.028 | 0 | 1474104 | 0.015 | 0.00 | 0,119
X, = 0,017 1651 +1168 | 0047 | 0155 | 0 | -104+78 | 0.013 | 0.006 | 0.097
168 +833 | 0,031 | 0169 [ 0 -74 0.085 | 0.03 | 0.287




Which is given to us, in this data table mass fraction of F, R and Py are shown. For closed circuit
if 1 consider this closed circuit F is used as feed and P1 is used as a product, so if you consider
this table here | am having the fraction of F as well as P so here you can see the fraction of F as
well as P;, so for closed cycle size distribution of feed as well as product both are given to us
however if | consider the open circuit where feed is F1 and product is capital P, so you can see in

this table no data of F; as well as P is known to us.

And therefore we have to compute the size distribution of F; and P to calculate the power
consumption of open cycle, so how I can calculate the size distribution of F; by making material
as well as component balance? If you consider this F; that would be nothing but Y of F + R so

here we have F; = F + R.

(Refer Slide Time: 16:53)

In data table mass fractions of F, R and P, are known. For closed circuit F and P1 are
required, which are given in the table whereas, mass fraction of F, and P should be
computed for open circuit,

Mesh size Mass Fraction Mesh size Mass Fraction

(jam) F L {um) F R P,

(=F+R 1333049423 [QOSD| (0D | 0 | 334583 | 0.034 | 0209 | 0
F X = FX4RX, 9473 46680 | 0202 | 0.06 | 0 | 5894817 | 0.026 | 0.036 | 0.051
X, = [‘ x+R xull(‘ + R) -B6B0 4699 | 0.174 | 0.07 0 4174295 | 0.019 | 0.026 | 0.125
: <1699 43327 | 0.125 | 0.082 | 0 | 2054208 | 0.021 | 0.04 | 0.19
For -13330 +9423 size 332742362 | 0.085 | 0.095 | 0 | -208+147 | 0.017 | 0.011 | 0.131
%, = (30x0.051 + 60x0)/90 | 2362 +1651 | 0,055 | 0.028 | 0 | -347+104 | 0.015 | 0.009 | 0.119
%= 0.017 <1651 +1168 | 0,047 | 0155 | 0 -104+74 | 0.013 | 0.006 | 0.097
16A+833 | 0,031 | 0.169 | 0 74 | 0.085 | 0.03 | 0.287




F is given as 30 tons and R is given as 60 ton per hour so this is the mass balance before entering
to the ball mill and component balance is F;, X; = FX + RXg, and from here as we have to
calculate the mass fraction for F; stream so we can calculate X; from this expression. X; would
be (FX + RXg/ F + R) divided by basically F; and that F; we have replaced with F and R because

values of F and R are given to us.

So if I consider the mass fraction for this particular interval which is basically — 13.33mm +
9.423mm so for this size we can calculate X; as 30 x F that is 0.051 + 60 x 0/ 90, so using this
expression for each size interval we can calculate value of X; so corresponding to first size that is
—13.33mm + 9.423mm the value of X; has come as 0.017. In similar line we can calculate the

fraction for other sizes also and once I will calculate this we can represent.

(Refer Slide Time: 18:32)

Mass fraction
Mesh size (pm)

F |l r | m fl
1333049423 | 0051 | 0 | 0 0.017
942346680 | 0.202 | 006 | O 0.107 Fi=F+R
668044699 | 0.474 | 007 | 0 0.105 Fox =Fx+Rxg
469343327 | 0125 | 0.082 | 0 0.09 X, = (Fx + Rxg)/[F + R)
332742362 | 0085 | 0095 | 0 0.092 For -13330 +9423 size
236241651 | 0055 | 0.028 | 0 0.037
165141168 | 0.047 | 0155 | 0 | 0119 % = (30x0.051 + 60x0)/90
11684833 | 0031 | 0.069 | 0 0.123 X, =0.017

334589 | 0.034 | 0209 | 0 0.151
5894417 | 0.026 | 0036 | 0051 | 0033 | All mass fractions of F, for
417 4295 0.019 | 0,026 | 0,125 0.024 open circuit
2954208 | 0.021 | 0014 | 019 | 0016
2084147 | 0.017 | 0011 | 0131 | 0013

474104 | 0015 | 0,009 | 0419 | 0011
-104 474 0.013 | 0.006 | 0.097 0.008

74 0085 | 003 | 0.287 | 0.048

Ol'l:‘:“ﬂ



All F1 value in terms of X; so if you see initially we have computed X1 as 0.017 that | have put
over here and further if I want to calculate this so this into 30 + this into 60/ 90, so following the
same expression we can calculate mass fraction of F; which is the feed to open circuit, so in this
table all mass fractions of F1 for open circuit are shown. In the similar line I can calculate data

for P because F1 we have calculated now | have to calculate data for P.

(Refer Slide Time: 19:15)
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Similarly, data for P;
PzR4P Mesh size {um) Mass Fraction Mesh size (um) Mass Fraction
1 T [ [T ok [ R
Py = Rxg 4 Pyxyy 1333049423 [0.051| C0 | CO) | 8334589 |0034] 0209 | 0
%= (R 4Py Xy )/(RPY) [ 542346680 [0.202] 0.06 | 0 | -589+417 |0.026 | 0.036 | 0.051
F=P,=30 6680+3699 |0.174| 007 | 0 4174295 | 0.019 | 0.026 | 0.125
For 8423 46680 st 469943327 (0425 0.082 | 0 | -295+208 | 0021 | 0.014 | 019
i 332742362 | 0.085 | 0.095 0 -208+147 | 0.017 | 0.011 | 0.131
%= (60x0.06+30<0)/%0 535771651 [0055 | 0.028 | 0 | 1874104 [0.015 | 0009 | 0.119
%,=0.04 -1651+1168 | 0.047 | 0055 | 0 104474 [ 0.013 | 0.006 | 0.097
1168+833 0,031 0169 | 0 78 |0085] 003 | 0287




Now if you make the balance over P what it will give P = R+P1, so that is the balance P=R+P1,
if we make the component balance P xp=R Xgr + P1Xp;. SO we have to calculate xp that is the
distribution of this with respect to each size so xp would be equal to (R xgr+P; XP1)/(R+P1). Now

how we can calculate P; value, because R | know as 60 tons per hour.

(Refer Slide Time: 19:58)
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Similarly, data for P:

P=R+P,
Px;=Rxg 4Py Xy

%= (Rxg + Py xo, )/(R4P,)
F=P,=30

For -9423 +6680 size

X = (60x0 .06+ 30x0}/90
x=0.04

G 17 200H1T

But how | can calculate P,, if you consider this closed circuit what is the inlet to this is F and
what is the outlet of this is P, so if we make the balance over this envelope then F would be
equal to P1. As in the problem F is given as 30 tons per hour so the same value we can use for Py,
so F=P; for 30 ton per hour. Now if I consider for this particular size here both R and Py are 0 so
no value we can obtain for P also, further if | consider second size that is -9423 +6680 for this

we can calculate (60x0.06+30x0)/90, so xp over here we can get 0.04.

So following this method we can calculate all fractions of P corresponding to different sizes, so

Mesh size {um) Mass Fraction Mesh size (um) Mass Fraction

] R Py F [ Py

-13330+9423 [0.051| Co) [Co) | -833+589 [0.034 [ 0209 | 0
+9423 +6680 |0.202 | 0.06 0 -589 +417 | 0.026 | 0.036 | 0.051
6680 +4699 | 0.174 | 0.07 0 417 +295 0.019 | 0.026 | 0.125
-4699 #3327 [ 0.125] 0.082 0 -295 +208 0.021 | 0,014 | 0.19
332742362 | 0,085 | 0.095 0 -208 +147 0.017 | 0,011 | 0.131
2362 +1651 [0.055| 0.028 | 0 147+104 10015 | 0.009 | 0.119
-1651 +1168 [ 0.047 | 0.155 0 -104 474 0.013 | 0.006 | 0.097
-1168 4833 | 0.031 | 0.169 0 -74 0.085| 003 | 0.287

in this table all mass fraction of P for open circuit are shown.
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Mass [raction
Mesh size (um)
F R P1 Fl P

-1333049423 | 0051 | 0 0 | o001 0

5236680 | 0202 | 006 | 0 | o107 | oo | ComPplete data for open
668044699 | 0174 | 007 | 0 | 0105 | 0.047 and closed circuits
4699+3327 | 0125 | 0082 | 0 | 009 | 0.055 AN

332742362 | 0085 [ 0005 0 | 0092 | 0063 For open circuit:

2362+1651 | 0055 (0028 | 0 | o037 | oow | Fyisfeed and Pis product
-1651 +1168 0.047 | 0.155 0 0.119 0.103

-1168 833 0.031 | 0.169 0 0.123 0.113 % -

4330589 | 0034 | 0209| 0 | oasi | oass | Forclosed circuit:

5894417 | 0.026 | 0036 | 0.051 | 0033 | ooar | Fisfeed and P, is product
4174295 | 0.019 [ 0.026 | 0125 | 0.024 | 0.059
2954208 | 0021 | 0014 | 019 | 0016 | 0073
208+147 | 0017 | 0.011 | 0.131 | 0,013 | 0.051
1474104 | 0015 | 0.009 | 0.119 | 0011 | 0046
104474 | 0.013 | 0.006 | 0.097 | 0008 | 0.036

74 0085 | 003 | 0287 | 0.048 | 0.16

e 17 20CHIT

So this is the complete data for open as well as closed circuit. In open circuit what are the
parameter, F; we should know and P we will know, so for open circuit F; and P will be utilized
to calculate power consumption, however for closed circuit F and P1 is utilized to calculate
power consumption, so this is the complete data for computation of power consumption using
open as well as closed circuit. Let us start the computation for open circuit where we have to

consider F; is feed and P as product, for closed cycle F is feed and Py is product.
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A

s work index is given, Bond'’s law is applicable here.

Closed circuit

E i 1 1 For open circuit cumulative fractions
~=0.3162 I, =T of F, and P are required to estimate
j Vém VR dy, and dp,.

O 17 a0cer

So here we have to start calculation for open circuit considering F; as well as P and this
expression we have to use to calculate power consumption this is nothing but the Bond’s law.
Why we are using Bond’s law, because in the beginning we are given the work index of the
material, so which automatically comes for Bond’s law. So in this expression you see what is dpp
and dg, dpp is corresponding to the size where 80% of product is passed through and dgy is the

size where 80% of feed is passed through a particular screen. So if | consider the open cycle.
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Mesh size Mass fraction Cumulative fraction
{um) Fl P Fl P
13330 0.017 0 1 1
9423 0.107 | 0.040 0.983 1
6680 0.105 | 0.047 0.876 0.960
4599 009 | 005 | 0771 0913
3327 0092 | 0063 | 0675 0.859
2362 0.037 | 0.019 0.583 0.795
1651 0119 | 0103 | 0546 0.771
1168 0123 | 0.113 0.427 0.673
833 0151 | 0139 | 0304 0,561
589 0.033 | 0.041 0.153 0.421
417 0024 | 0059 | 0.121 0.380
295 0.016 | 0.073 0.087 0.321
208 0.013 | 0.051 | 0,081 0.249
147 0011 | 0046 | 0,068 0.198
104 0.008 | 0036 | 0.057 0.152
L) 0048 | 0116 0,048 0.116

For open circuit cumulative
fractions of F, and P are
required to estimate d,
and dp,.

L _osiem {L_- : J

?
M Ny \dy

There F; and P are required to estimate dp, and dg, SO What we have done over here we have done
the cumulative fraction of F; as well as P. This is the individual fraction and here | have the
cumulative fraction and you understand that if we do the cumulative from bottom we have to
represent the screen or mesh corresponding to negative signs. So here we have cumulative of F;

and here we have cumulative of P, now this two value we will use for computation of power

consumption, if you understand this graph.
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For open circuit:
Cumulative plots of F, and
P to estimate dy, and d;.

uk +

—i dpy, = 2500 pm = 2.5 mm

Plass freation

il o dry = 5100 pm = 5.1 mm
044 .n

L oz -'-:-_'.L_]
4 M vy \dy

E/M =0.763976 kW/ton

0 200 4000 G000 £000 10000 12000 14000

Mesh size, um

0 17 001L

This is nothing but the cumulative plot of F1 as well as P. Now dp, and dg, | have to compute
according to the 80%, so | will draw a line of 80% and then draw the line where | am having the
cut at F1 as well as on P. So dp, basically we can see from this graph is this value which is 2500
um and dg, from this graph we can take as 5100 um, which we have to show in terms of mm so
2.5mm and 5.1mm because that is the requirement to be used in Bond’s law. So E/M is given
here which is 0.3162 work index and all these value are known to us, when we put the value over
here we can calculate E/M.

Now if you consider this open circuit here we have material in total as 90 ton per hour, because

30 ton from makeup and 60 ton from recycle, so this value.
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-

For open circuit:
Cumulative plots of F, and
P to estimate dy, and d;.

(3

PAass freation

—i dp, = 2500 pm = 2.5 mm
i -, dr, = 5100 pm = 5.1 mm
04 N
E_oniam ,,L__,.;]
0z M y'dro \'dn

E/M =0.763976 kW/ton

0 2000 4000 G000 £000 10000 12000 14000

Mesh size, ym E=0.763976%90
=68.76 kW

We have multiplied with 90 so 68.76 kW would be the energy consumption for open cycle. In
the similar line for closed cycle we will use F and P;.



(Refer Slide Time: 24:58)

Mesh size, Mass [raction Cumulative fraction m

pm F Pl F Pl

13330 1 o0t | 0 1 - For closed circuit cumulative

:::: g::: g L ! fractions of F and P, are
5 0.747 0.94 2 s

e 1% 3 5 P required to estimate d,, and

3327 0.085 0 0,448 0,788 d'b'

2362 0.055 0 0.363 0.693 ;

1651 | 0047 0 0308 | 0665 5:0.31(,2 W _,1=_L_

168 | 0031 | 0 | o261 | 051 M Ny e

833 0.034 0 0.23 0.341

589 0026 | 0051 | 0,19 0132

a7 0019 | 0125 017 0.096

295 0.021 0.19 0.151 0.07

208 0017 | 0131 | “ga3 0.056

147 0015 | 0119 | o113 0.045

104 0013 | 0.097 | 0008 0.036

74 0085 | 0287 | 0,085 0,03

And here we will make the cumulative for f as well as pl to know were 80% mass will lie. We
make the plot over here for f as well is p;, this is the cumulative plot of p1, this is the cumulative
plot of f correspond to 80% we can draw the line and then we can calculate dp, and dg, as 3.5 mm
and 7.15 mm. Considering this value along with work index we can calculate the power

consumption, we can calculate energy consumption per unit mass. If I consider closed cycle
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For closed circuit:
Cumulative plots of F and

? o P. to estimate d,, and d,,
¢ _ tyy, = 3500 um = 3.5 mm
-t = de, = 7150 m = 7.15 mm
e
L o | 1
031620 | — —
02 M h'dt\\ "d”

dedd “un o M LILENE L il E/M = 0'6467 kWh/ton

Mesh som im

The mass which is entering to this is 30 ton per hour so that m we can take as 31 so this is, this

we can multiply with 0.6467 total 19.4 kW is the power consumption for this cycle which is
closed. Further we can consider.
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Meshsion | Massfraction | Cumulative fraction

[km) 31 2 £l P

15880 0017 0 1 1 For open circuit:

2423 | 0107 | 000 | 0583 1 d,, and d,,, can be computed
GOB0 | 0105 | 0047 0.960 using interpolation also.
4599 | 0.096 | 0055 0913

327 | 0092 | 0083 | 0675 | 0859
882 | o003 | 009 | ose3 | o7ss
650 | o019 | 0403 | 0546 | 07m
sk | o123 | 013 | osr | 0673
§33 | 0151 | 0430 | 0304 | 0561
89 [ 0033 | ooa1 | 0s3 | o4
&7 | oo | 005 | 0421 | 0380
w5 | o0 | 0073 | oosr | o032
208 | o3 [ o081 | ooss | o2a9
47 | o011 | 00d6 | 0068 | 0198
10 | o008 | 003 | 0057 | 0152

74 0.048 | 0.116 0.042 0.116

\ 3

Open circuit and we can calculate power consumption using interpolation, here for open circuit
f1 and p will be considered and you see the 80 % were it will lie from this table we can calculate
from interpolation also. How | can use the interpolation over here because between 2 point
straight line will lie so I can definitely use interpolation, so 80 % will lie over here so dswould be

lie in between these two however as well as product line is concerned 80 % will lie in between



these two so d, will lie in between these two, so using interpolation we can calculate and dy, and
finding as 2.437 which was 2. 5 in the graphical representation and ds, value 5.246 mm we can
find from the interpolation. Using these two values along with work index we can calculate
power consumption it will be multiplied with 90 ton so 73.95 kW is the power consumption

(Refer Slide Time: 27:23)

Mesh sire Mass fraction Cumulative fraction Example —! 2

[um) F1 » | e
% | o017 | o Ve [ For open circuit:

423 0107 | ooso | ovsed | 1 d,, and d,, can be computed
w80 0.105 | 0.047 |8 _ 0960 using interpolation also,

4593 0096 | 0055 | 0913

127 | 0092 | 0083 | 0675 |BIOASAIN dpy = 2437,39 pum = 2,437 mm
2362 0037 | 0019 | 0583 | OF8s O, = 5246.13 um = 5.246 mm
1651 0419 | 0403 | 0546 | 0777

1168 0123 | 0013 | 0427 | 0673 E ; | |
§33 0451 | 0130 | 03 | 0561 031620, | — .——}
589 [ o033 | oodl | 0153 | 0421 : "Id““ "'d' J
417 0024 | 0059 | 0421 | 0360

205 0016 | 0073 | 0087 | 0321 E/M = 0.8217 kWh/ton

208 0013 | o0s1 | o081 | 0260

147 0011 | 008 | 0068 | 0198 E=0.8217*90

104 0008 | o036 | o057 | 0152 =73.95 kW

74 0048 | 0116 | 0.042 | 0.116

For open cycle. And similarly I can calculate for closed cycle using interpolation so if | consider
feed to close cycle f | have to consider and 80 % will lie in between these two, similarly in p;

80% will lie in between these two so using interpolation | can calculate dy, and fq, and further



using work index as well as these values | can calculate power consumption, it would be

multiplied by 30 and final power consumption for closed cycle is 19.92 kW.

So this is the power consumption for closed cycle as well as open cycle, now finally we have to

calculate the effectiveness of
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Muss Teaction

F R Pl Fl P
-13330 49423 | 0,051 0 0.017 0

9423 46680 | 0.202 | 0.06 0,107 | 0.0 b 2 ¥
-5HR0 44690 | 0170 | 0.07 0105 | 0.047 oversize is the desired product

0
0
0
969943327 | 0125 | 0.082 | 0 | 009 | 0035 295 um
-332re2362 | 0.085 [ 0095 | 0 | oos2 | noes rF Beg  OallMil P Screen
2362+1651 | 0.055 | 0.028 | 0 | 0,03 | 0.015 ' MMJ N
U A
0

1651 +11068 U0a7 | 0155 0.113 0.103 o N
L4

B4
Ve

Mesh size {um)

Effectiveness of 295 um screen if

1168 1833 0.031 | 0.168 0123 0113 ¢

-B33 +559 0,033 | 0,205 0 ' 0.151 0.139
589 +417 0.026 | 0.03¢ | 0.051 ' 0033 0.041
-017 4295 0,019 | 0,026 | 0125 | 0.024 0.059
-295 1208 0.021 | 0.044 | 019 0.016 0.073
-208 +147 0017 | 0011 | 0131 | 0013 0.051
-147 4104 0.015 | 0.009 | 0119 | po11 0.04%
-104 +74 0.013 | 0.00¢ | 0.057 | 000 0.036

74 0.085 | 0.03 | 0.287  o0.048 0.116




295 mm screen, if | have to calculate effectiveness to this what is the feed to this is p, oversize is
R and P; is the undersize. So what is the desired product over here is the oversize, so to calculate
effectiveness of this screen we have to consider these three columns which are R, p;as well as p,
and you understand how we calculate the effectiveness we have to calculate y, y, and y, VY, is the
desire material in feed so in this case all these fraction combinely will give the y, yyis the r value
up to here and y. is basically the p; value up to 295 screen. So using this y, Yy, and y. when we put
in this particular expression we can get the effectiveness which is coming out as 78.09%.

(Refer Slide Time: 29:23)

Mesh size Mass fraction

(um| F A Pl £l P
9423 | 0051 1[0 Y[ 0 ) ooz (0 | Pisconsidered as feed to 295pm
6680 | 0.202 || 0.06 0 0,107 ] 0,000 R is oversize and

a6%9 01t || o0z 0.105 0.047 P, is the reject

(-3

327 | 0425 [[oar2[| 0 || o0se || a0ss

22| oows [[o0ss || o || ooe2 [|0sea Ya® 0679
1651 | 0.055 [Jo0zs|]] @ 0.037 '] 0019 yp" 093
1168 | o0ar [Joass[| o || oass || o.103

g3 | o031 [[oes| o || oz || o1 you 8174
s89 | 003 [Jo20s)| o || oas1 [|oa3s

-

17 0.026 |]0.036 |0 0.033 |logal || p ()’.4 )'ern[] (}'4 )'r](l .V.n)

2w [ oons |loaee) azs)| ooas | Laoss oyl O ol x)
208 | 0021 | 0.014 0ot | 0073 ;

| &
rs | o0

31

[=3
-
o

107 0017 | 0011 | 0131 | 0043 | 0,051 E.=0.9136x0.85477
104 | 0015 | 0.009 | 0419 | o011 | 008 7
70 | 003 | ooos | 0097 | ooos | oo E,=07809 E.=78.09%

24 0085 | 003 0287 | D08 0.116




So here | am completing example 2 and as far as this part of lecture is concerned here | am
stopping, | will consider example three, four and five in next part of lecture two, that is all for

now, thank you.
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