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Welcome to the 3" lecture of week 2 and which is on filtration we are discussing filtration and
we have already discussed this in lecture 1 and lecture 2 and here we will discuss filtration cycle
and further we will solve a few examples based on filtration process, so let us start this filtration

cycle now if you see the filtration cycle.
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| Filtration Cycle

Filtration cycle, t e = ty+ b0 * to

t, = time required for fttration
.61 = time required for washing the cake =

Volume of washwater
Rateof washing

ty. = time for draining, filing. opening, dumping the cake and reassembling

For constant pressure and incompressible sludge, filter medium resistance is
assumed as negligible. Thus, filter equation is:
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How the filtration cycle is defined is the time required for filtration time required for washing

and time required for cleaning dumping and reassembling of the system so that complete time is



basically called as the filtration cycle, so filtration cycle that is t cycle is defined as t; + t yasn +
tete. SO t cycle is defined as t; + t wash + t etc. tr IS the time required for filtration t wash is the time
required for washing the cake that can be defined as volume of wash water / rate of washing and
t e IS time for draining filling opening dumping the cake and reassembling here we are
considering the case the constant pressure with incompressible slug and we are assuming filter

media resistance to be negligible.

So considering all these factors we have the equation dt / dV — KpV that is constant pressure and
incompressible slug KP we have defined like this as we have seen in the last lecture so once we
integrate it we can get the expression t — KP %/ 2 = tf because this t if is we see that will be the
time associated with the filtration, so this t value we can equate to tf that is time required for

flirtation.
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Filtration Cycle "

Let x be the ratio of volume of wash water used to the final volume of
filtrate collected and let y be the ratio of the rate of washing to the final
rate of flitration. Then, time for washing
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WY,

Basls: maximize daily output of Daily outputoffiltrate, /. =

. avly
filtrate W,

KV, .-"2)l (x/y)K JiHL,

wavh x: ’('.’l’

Number of cycles per day = il - (

ol »

Now here we can define x which is nothing but the ratio of volume of wash water used to the
final volume of literate collected it means x is the factor which is which gives the ratio of ratio
between volume of water required in washing divided total volume collected during filtration

process and why is the ratio of rate of washing to the final rate of filtration, so this x and y are



basically relating the parameter associated with washing and parameter associated with
filtration, so time required for washing is t wash = x V¢ /'y 1/ Kp V¢ now X Vs, Vs is the final
volume of filtrate that is collected and into x so that should be the volume of wash water and
similarly y x 1/ Kp V¢now if you see the filtration equation when we consider dy / d; that should
be the rate of filtration so it is value should be 1/KPV so that we have put over her and y is the

ratio so this complete factor will give the rate of filtration.

So x/ 'y KpV; 2 now t cycle is t cycle consists of t twasn and t & putting the value of t;and putting
the expression if tf and t wash over here we can get this expression as t cycle now we have to
optimize the cycle time and the bases of this we have considered the totals volume collected in 1
day that is the bases, so that volume which you have to collected that should we have to
maximize to optimize the cycle time so number of cycles per day so 24 / t cyqe is the time

associated with one cycle so 24 as we have to perform for single days so 24/t ¢ycie.

So daily collection of the filtrate V¢ is the volume of filtrate collected in a single cycle so 24c / t
oyci€ that it should be the total number of cycles into Vs so that we have defined as V4 now putting
here the expression of t cycle this is the expression of Vd,y that is volume collected in a day, now

if we consider this particular expression Vg, is a function of V¢
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Filtration Cycle |

Differentiating V,,,, with respect to V, and putting equal to zero,
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Thus, at optimum cycle time, the time for filtration and washing will be
equal to the time for which the filter is out of use.

([m‘h' ),pr = ’j' + ’wasft + ’t'f(' = 2101(‘
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So differentiating Vgay With respective V¢ and putting = 0 we can get this equation and when we
solve this we can have expression of V¢ which should be the optimum value and it is expression
is like this further after resolving this we can get this is the expression for V¢ optimum now if we
concentrate on this particular equation that should be Kp / 2 V¢ + x/ 'y KpV¢# — t = 0 so we can
take etc at this side and if you see this expression this we have derived for t; and this we have

derived for t wash.

So tf + t Wash = t etrc. SO When we consider constant pressure with incompressible slug considering
0 media resistances the optimum cycle for this optimum cycle time for this is the time required
for filtration as well as washing should be = to the time required for dumping cleaning

reassembling etc...

So here we have total optimum cycle time which is tf + t wash
+ tetc this should be =t etc so here we have optimum cycle time is 2 x t etc. So in this way we
can defined the filtration cycle and we cam optimized the cycle time of filtration so that is all

about the theory part now form here on wont we will discusses a few example which are based



on batch filtration process so that you can understand what ever equations we have derived how

we can utilize this to calculate the different parameter associated with the filtration process.
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Filtration : Example -1 |

A plate and frame filter having 1.5 m? surface area, where filtering occur, is
being operated at a constant pressure. In feed 10% solid, having specific
gravity 3, is mixed In water. During filtration incompressible cake Is formed.

(a) Compute the time required to wash the

cake formed at the end of 90 minutes = Time(min) Filtrate volume (m?)
of filtering at the same pressure using =~ 10 6.1
5m? of wash water, 0 | 8.09

(b) If the time for dumping the cake and 30 9.65
reassembling the press is 1 hour, what 45 11,63
is the optimum cycle time and volume 60 13.33
of filtrate collected per cycle? Wash 78 15

water is used in the same proportion
to the final filtrate as in part ‘a’.

So here we have example 1. In this example a plate and frame filter now what is this plate and
frame filter that we will discuss in subsequent lecture so a plate and frame filter having 1.5 m?
surface area where filtering is carried out at constant pressure so you can say this is the constant
pressure phenomena in the feed 10 solid having a specific gravity 3 is mixed in the water during

flirtation in compressible cake is formed.

So this is the case of constant pressure and in compressible cake now what we have to do over
here is in part a compute the time required to wash the cake form at the end of 90 minutes of
flirting at the same pressure using 5m > of wash water so here we have to calculate the washing
time and second part if the time for during the cake and reassembling the press is 1 hour what is
the optimum cycle time And volume of filtrate collected per day wash water is used in the same

proposition to the final filtrate as in part A.



So here first of all we have to calculate the time required for washing and then we have to
optimize the filtrations cycle. So as for us operating data is concern this is the data we have
optioned by batch filtration where according to the tome filtrate volume vary so this is the data
for batch filtration.
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Filtration : Example - 1
N oy op The filtration is carried out
2 at constant pressure with
¥ W incompressible cake.
4 Al(‘ AP ) L
: Time(s) V(m) Atis) AV(m) | V,, MYV
gt 90 61 600 199 | 7.095 3015
A-AP) (1500 809 600 156 887 3846
200 965 900 198 1064 4545
RV 3000 163 %0 17 | 1248 524
iy 300 1333 1080 167 14465 6467
9 15

So let so start the calculation of this the filtration is carried out constant pressure with
incompressible cake so final equation is for this case as we have seen in the last lecture is At/Av
= Kp Vayg + B so here we have to plot the graph between At and between At/Av and Vg SO first
of all we will calculate these value, if you see the operating A for this we are given time and

volume time is we write in a seconds and volume is in m°.

So we can calculate At over here that is this time — this time and similarly this minus this that is
squared easy calculation and here we have Av difference in the volume so this minus this 1.99
further this minus this 1.56 in the similar line we can calculate other values of Av. Now once we
have the value of v and Av we can calculate Vag how that Va4 expression is if you see that is V
+ Av/ 2.



So here 1 point so here 6.1 + 1.99/2 so that should be 7.095 and for other cases we can also
calculate Vg and here we have At as well as Av division of this two will give these value now

we can draw the graph between At/Av and Vg,
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Filtration : Example -1

Slope of straight line B .
K,=40s m* L oo

E o g
Intercept | ¢
B=40sm?3 At i

E 000 *
The governing equation o |

1000 4
:—:{=4‘|}V+40 M‘I . . - . b%vg .m3
1] 1 4 [ 8 n 2 ®

Time of washing is to be
predicted atthe end of 90 min (V) _ 1 V, is final volume
of fifration at the same di - 40F. +4( offitrate collected.
pressure. Rate of iltration is U

So once we draw the graph between At/Av and Vg here the few points are available and once
we join these point we can get the straight line and slope of this straight line will give the value
of Ky and that comes as 40 sec/per/meter® and when we see the intercept of this line that its value
is 40 s/m® so governing equation becomes dt/dv = 40 v + 40 because all value of Kp as well as
value of B both are 40 so we can get the filtration equation dt/dv = 40 v + 40.

Now if we reverse this if we reverse dv/dt that should becomes the rate of filtration so time of
washing is to be predicted at the end of 90 minute of filtration at the same pressure, so here what
we have to do is whatever rate of filtration at the end of 90 minute the same rate we can consider
as the rate of washing because operation is carried out at same pressure. So here we have dv/dt F
because we have used the final rate so that should be equal to 1/40 V¢ + 40. Vsis the volume Viis

the final volume of filtrate collected at the end of 90 minutes.
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Filtration : Example - 1

Integrating the equation :Il_ll/ =40V +40 (=201 +40V

90 min = 5400 sec 5400 = 20 Vf +407, V= 154620

(dV ) I [ dv ] I Rate of washing
/

054620 +40  =000t62ms

Time required to wash the cake /., = m 3259428472 ;?:utes

da), a0 \d

Ratio of volume of wash h_ 5 =03234
water to final filtrate volume Vf —15,462I o

Now here integrating the equation which the equation we have obtained is this and when we
integrate this for time the time comes as 20 v* + 40 v so total filtration is carried out for 90
minutes so that is 5400 seconds, so this 5400 second can be replaced over here and whatever
volume is collected at 5400 second that should be the final volume of filtrate, so that we can

obtain while putting 5400 as the value of T.

And we solving this equation we can find V;as 15.4621 m* and final rate of filtration as we have
seen in the last slide is dv/dt = 1/40 Vi + 40, now this V¢is the final volume of filtrate when we
put its value which is 15.4621 over here, we can get final rate of filtration which should be equal
to 0.00152 m*/ s and here you can understand that as per the problem the rate of washing will
depend on final rate of filtrations.

So rate of washing in this case should also be equal to 0.00152 m® /sec so we already know the
rate of washing we know the volume of wash water used and that should be 5m? therefore time
required to wash the cake should be volume of wash water / rate of filtration. So that comes as
3292.42 second that is 54.87 minutes, so here we have solved the first part of this, now the ratio

of volume of wash water to final filtrate volume.



That is V wash/ Vs if you remember this factor we have defined as x so that factor comes as
0.3234.
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Filtration : Example -1

Optimum cycle time is 24x3600

found by maximizing the  No.of cycles per day =
daily output of filtrate, selo

24%3600
32.936//7 +52.936, +3600 '

86400 ¥,

e = F ' vV delm'_O
D036V +529367, 43600 T e Gy

(V,.) =10455m°  lya, =32.936V ; +52.936V +3600

day ™

le

(teycioptinum = 7753.45 sec = 2.154 hours

Now in part B we have to find the optimum cycle time and cycle time if you remember we have
defined as tq + twash * tetc, tetc IS given as 1 hour that is 3600 seconds, tzis time of filtration that is
20 Vi%+ 40Vt tyasn is volume of wash water/ rate of washing. So twash we can defined as this is
the volume of wash water and this is the rate of washing as it is equal to final rate of filtration,

after solving this we can get 12.936 V> + 12.936 V;that is the expression of twash.

So | know the expression of t;and tyasn While putting all these expression in T cycle here we can
get the final expression of teye in terms of Vs, now optimum cycle time how we can calculate
this by maximize the daily output of the filtration process so in that case first of all we have to
calculate number of cycles per day, so that should be 24 x 3600/ teycle, teycle IS @ time required for
one cycle and Vg, = total volume collected in a day.

So Viis the total volume collected in single cycle so that we should multiplied with total number

of cycle. So 24 x 300 x V¢/ teycle and further while putting all values of all known values we can



get Vgay = 86400V / this expression that is the expression of teyce , NOW to maximize this Vgay we
will differentiate with respect to Vs and equate it to 0, so Vs optimum is 10.455 m* and teycle
optimum cycle time is this much, so while putting the value of V; over here we can get 7753.46
second that is 2.154 hours, so that is total cycle time which is already optimized, so that is
optimum cycle time. So in this way we can calculate we can optimize the cycle time we can

calculate total time required for washing.
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Filtration : Example -2
Afilter handles a sludge that consists of 70 kg of solid per 1000 kg water and
forms a compressible cake. The experimental data generated through filter
of area 0.65m? is shown in following table, Estimate the filter media
resistance and compressibility coefficient of the cake.

Volume of Time ( hours)

filtrate,
m  (-AP)=10kN/m’ (-AP)=25kN/m’ | (-AP)=32.5kN/m'
1143 1.34 1.25 122
126 19 165 1.52
128 23 203 181
1.35 29 2.49 216
1415 35 2.98 255

Now here we have second example, in this example a filter handles a sludge that consists of 70
kg of solid/ 1000 kg water and forms a compressible cake, so here you see the cake is
compressible the experimental data generated through filter of area 0.65 m? is shown in
following table, estimate the filter media resistance and compressibility coefficient of the cake,

so what we have to calculate over her is, R, value as well as S value.

The experimental data of constant pressure filtration is already given, now if you see this table
here we have 3 values of pressure but for one pressure whole filtration process will be carried out

and then the pressure value is change and then whole filtration process will be carried out then



the pressure value is changed and then hold filtration process will be carried out so here we have

though here we have three different values of pressure but this is constant pressure phenomenon.

(Refer Slide Time: 18:13)

Filtration : Example -2

Afilter handles a sludge that consists of 70 kg of solid per 1000 kg water and
forms a compressible cake. The experimental data generated through filter
of area 0.65m? is shown in following table. Estimate the filter media
resistance and compressibility coefficient of the cake.

Volume of Time ( hours)

filtrate, |
m (-AP)=10kN/m’ (-AP)=25KkN/m’  (-AP)=32.5KkN/m’
1.143 1.34 1.25 1.2
126 19 165 152
1284 | 235 2.03 1.81

1.35 29 2.49 \ 2.16
1415 | 3.5 2.98 i 2.55

Now if you see this the what type of case if this it is constant with compressible cake that is in
the case and for compressibility and for o value we can use this peri correlation that is o (-Ap)*-
So in this example Ry, and s are to be calculated so this is the expression for constant pressure
and compressible sludge K'y Vayy +B that is At/AV so here we have the equation for constant

pressure and compressible sludge and that is At/AV=K'y VayqtB.

So K 'p we have find out like this there we have we can found the value of s and value of R, can
be found by the value of B so here we have to find the At/AV and the average so At for all
different pressures we can find at this discussing the last example AV we can calculate because
volume corresponding time is known so AV we can calculate and for V average we can

calculate.

As we have see in the last example and see only At/Av it can be calculated for different pressures

now what we have to do we have to draw the graph between At/AV at this average.
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Filtration : Example - 2
Filtration is carried out at constant pressure with compressible cake.
A KV +B Rnand s areto be calculated ¢ = ¢, (-Ap)’
AV TR ag
N Hea v 3
= o At (sec) (AYAV), sm
A'(-AP) (AV). | Ve
(-aP)=] (-aP)=] (aB)= | ™ | (M) [(aP)={-AP)=25] (-aP)=
MR, 10 KN/m’ 25 KN/m’[32.5 kN/m” T0KN/m'| kN/m™ [32.5KN/m"
A(-AP) | 2016 | 1440 | 1080 |0.083|1185 242892 | 173484 | 13012.1
1620 | 1368 | 1044 [0.058]1255| 27931 | 23586.2 | 18000
V=V ﬂ 1980 | 1656 | 1260 [0.066|1.317| 30000 | 25090.9 | 19090.9
ag = [ 2060 | 1764 | 1404 [0.065] 1383332308 ] 271385 | 21600

So you see here we have for three different pressures three lines are here so here we have three
different pressures and therefore three different curve Ry, at clearly in this graph it is drawn
between At/AV and the average while drawing the line for each case we can find different slopes

as well as different B values.

So for AP that is 10 if we consider this 10 so this is the graph it has K'p, K'p it has the slope like
this and B we have like this so if you see all this graph we can conclude if we observe the slope it
has a higher slope then this and then this. Similarly the values are appear in this table. We can
also calculate from the intersect and those are available over here.

Once you know the value of B we can calculate Ry, value because we know other factors other
parameters so R, can be calculated directly from the B value. So as we have three values three
Rm value we will operate and every time these three R, value will be the final value of Ry, that is

filter may be an resistance.
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Filtration : Example -2

35000
| (-AP) | K, sm | B,sm? | R,m!
10 47500 | 23000 | 1.5E+08
25 52500 | 17000 |2.76E+08
| 325 | 40000 | 13000 2.75E+08

)
E 30000
~
25000

At

20000

Av

)

x R,=233x108, m?

# 10kN/m2

1% W25kN/m2

5000 4 325kN/m2

115 12 125 13 135 14

Vavg m?

And that is obtained as 2.33*10%, m™ and now further you will use the data of pressure drop
which we have seen from the last curve pressure drop and K'p so here we have three pressure
drop values and three K'p values. The K'p expression when we take log of the case this is the

final expression and here K'p will be become on pressure drops.
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Filtration : Example -2

(-AP), kN/m2 | (K'), sm€
10 450
2 52500 Iy
25 | 40000

e ?1n[ ;s "’A “_f“]-(l-s)ln(-Ap)

Slope =0.889 = 15
s=0.111

So K'p verses pressure drop we can draw here we have three points so three points re nearly over
here now you see here if we consider this particular section as well as this section this is an X
axis if we consider this Y axis and this X axis these are nothing but the logical axis. Now for this
three points when we draw the line the line will be like this and slope of this line will be negative

so that is -1-s.

So if we consider the value of this that should be equal to 1-s which is .8889 so from here we can
calculate value of s which comes as .111 so in this we can calculate factors which are associated

with the filter as well as compressible cake.
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Filtration : Example -2

(-AP), kN/m? | (K'), sm
10 47500 “3&
25 52500 @
325 40000 }

Hia,v

an;,=1n[ i ]—(l—s_)ln(—AP)

Slope = 0.889 = 1-5 10 (-AP), kN/m?

§=0.111

Now here | am considering third example were a sludge in a washing plate and frame filter press
is of such nature that the filtration equation is V>=Kt where V is the volume of filtrate obtained

in time t, when the pressure is constant. 40m® of filtrate is produced in 10 hours. 4m? of wash
water is used for washing at the end of filtration.

So what we have to calculate the washing time if washing rate is 1/3™ of filtration rate and

secondly filtering surface is double, remaining other conditions constant, how long it take to
produce 25m? of filtrate.
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Filtration : Example -3

A sludge filtered in a washing plate and frame filter press is of
such nature that the filtration equation is V2 = Kt where V is
the volume of filtrate obtained in time t, when the pressure is
constant. 40m? of filtrate is produced in 10 hours. 4m? of wash
water is used for washing at the end of filtration.

(a) Determine washing time if washing rate is 1/3 of filtration
rate.

(b) If the filtering surface is double, remaining other
conditions constant, how long it take to produce 25m*® of
filtrate?

So let us start with part 1 filtration equation we have given like this V? = Kt dV/dt=K/2V which
is nothing but the rate of filtration now in part a time t=10 hours volume is given as 40m3 so
when you put this values over here we can find value of the constant V that should be V/t so the

value comes as 160m®h and rate of filtration should be k/2V that we can found as 2m? /h.

So washing rate if you see washing rate is basically consider as 1/3™ of the rate of filtration so
2m*/h is the rate of the equation so washing rate of filtration the rate of washing should be .667
1/3" of that. Therefore washing time should be total volume of the wash water we are using
divide by .6667, so 6 hours should be washing time.

Now part b as it is constant pressure phenomena it is denoted as expression should be dt/Dv=
KpV+B where kp is we find like this in the present problem dt/dv=2 V/K.now we come to this
equation with the above equation we can correlate that k is proportional to the A% so when we

double the revised coefficient should be 4 times then the previous one.

So revised coefficient value should be 4*160 160 is the previous coefficient values so final k'
should be 40m 6 per hour time to produce 25m? of filtrate that should be V¥K" is which you see



the phenomena equation volume we can put as 25m° solving this we can get .976 hour that is

58.6 minutes.

Now here we would like this to see should be the time required to generate for 40m? of filtrate
then filtered area when area of filter is doubled so in that case because k is proportional to area
square so when we doubled the area 4 times for 40m?® for generation of 40m* of filtration will

required 2.5 hours instead of 10 hours.
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Summary of the Lecture

v Filtration operation along with its types and
applications is discussed.

v Design equations for batch filtration is derived and
different cases related to these are identified and
discussed.

v Afew examples on filtration operation are discussed.

So you have seen the examples we make you to understand how the equations will be used to
calculate the factors as well as you see the equation process so here we have the summary of the
lecture and you should keep in mind that the summary is for lecture 1 2 and 3 so in this series the
3 lectures filtration operations along with its types and operation is discussed.



(Refer Slide Time: 27:01)

References

1. Narayanan C.M. and Bhattacharya B.C. (1992). Mechanical Operation for Chemical
Engineers -Incorporating Computer Aided Analysis. Khanna Publishers.

2. SwainAK., Patra H. and Roy G.K. (2011). Mechanical Operations. Tata McGraw Hill
Education Put. Ltd., New Delhi.

3. Backhurst, J. R. and Harker J. H."Coulson and Richardson Chemical Engineering”,
Vol. II”,5% Ed., 2002, Butterworth-Heinemann,

4. Brown G.G. and Associates, "Unit Operations", 1995, CBS Publishers.

@ 11T RODRKEE

A design equation for batch filtration is derived and different cases related to these are identified
and discussed. A few examples on filtration operation are discussed here you have the references

through which is studied about filtration in detailed and that’s all enough. Thank you.

For Further Details Contact
Coordinator, Educational Technology Cell
Indian Institute of Technology Roorkee
Roorkee — 247667

E Mail: etcell.iitrke@gmail.com. etcell@iitr.ernet.in

Website: www.iitr.ac.in/centers/ETC, www.nptel.ac.in



mailto:etcell.iitrke@gmail.com
mailto:etcell@iitr.ernet.in
http://www.iitr.ac.in/centers/ETC
http://www.nptel.ac.in/

Web Operations
Dr. Nibedita Bisoyi
Neetesh Kumar
Jitender Kumar

Vivek Kumar

Camera & Editing

Pankaj Saini

Graphics
Binoy. V. P

Production Team
Jithin. K
Mohan Raj. S
Arun. S
Sarath KV

An Educational Technology Cell

11T Roorkee Production

© Copyright All Rights Reserved



