INDIAN INSTITUTE OF TECHNOLOGY ROORKEE
NPTEL
NPTEL ONLINE CERTIFICATION COURSE
Mechanical Operations

Lecture — 05
Characterization of collection of particles-2

With
Dr. Shabina Khanam

Department of Chemical Engineering
Indian Institute of Technology, Roorkee

Welcome to the fifth lecture of the week one, that is characterization of collection of particle,

part 2. If you remember the lecture 4 that is characterization of collection of particle, part 1.

(Refer Slide Time: 00:36)

..“ LA, D" Sh‘b,ﬂﬂ Khanam
bl Dept. of Chemical Engineering, IIT Roorkee

Where we have discussed the particle size distribution based on screen analysis, Now once | am
having the particle size distribution data we have represented this in a tabular form. Now in this

particular lecture we will discuss how to represent the particle size distribution data in graphical
form. So that can be represented on X axis and Y axis plot that is 2D plot.
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| Particle Size Distribution |

Particle size distribution is presented in following formats;

X-axis Y-axis
Particle size | Mass or Mass fraction

On X axis we will consider particle size and on Y axis we will plot mass or mass fraction. How

many other ways we can represent this is if | consider particle size on X axis.
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| Pariicle Size Distribution |

Particle size distribution is presented in following formats:

X-axis Y-axis

Particle size | Mass or Mass fraction
Cumulative mass fraction
Cumulative volume fraction

And cumulative mass fraction on Y axis. Further if | consider particle size on X axis and
cumulative volume fraction on Y axis, so by these three means we can represent particle size
distribution data graphically. Therefore, the distribution can be reported either in terms of

frequency that is differential form, or by cumulative that is integral form.
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- Pariicle Size Distribution |

Distribution can be reported either in terms of frequency (differential form) or by
cumulative (integral form).

To explain how we mathematically represent the distribution data, we will consider
table where we have shown particle size distribution.

Avorago | Mass,om
5128, mm
. =
I
| Do L
I
[ b | m

To explain how we mathematically represent the distribution data we will consider the table
where we have shown particle size distribution data. If you remember this is the table where we
have shown average size that is dayg Which is computed by considering the arithmetic mean of
sizes of screens used in that fraction, and m; is the mass available on that particular screen. So

here we have the data from a screen analysis and we can represent this in.
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| Particle Size Distribution '

Distribution can be reported either in terms of frequency (differential form) or by
cumulative (integral form).

To explain how we mathematically represent the distribution data, we will consider
table where we have shown particle size distribution.

Average | Mass, gm
size, mm
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Graphical form considering that is particle size that is diameter da,g and the mass available
correspond to that dayg Size. So here | am having the value of dayg and m; we can put on Y axis,
now why | have written dayg for this because if you remember the data which we have shown in
this table the topmost has the highest opening. So it would have the largest purchase size it will
have the largest value, and as we keep on moving downward the size of particle will keep on

decreasing. So obviously dayg will fall farthest in this graph.
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ParticIe Size Distribution

Distribution can be reported either in terms of frequency (differential form) or by
cumulative (integral form).

To explain how we mathematically represent the distribution data, we will consider
table where we have shown particle size distribution.
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So considering value of m; and dayq We can show the data, we can plot the bar chart for this, so
here if you see this graph here | am having the value of day which we have drawn farthest and
considering this m; and dayq we can plot the bar. And similarly we can plot the bar for other
fractions also, and then we can write the values of diameter as well as fractions. So here if you
see this graph here on Y axis we have represented this in terms of mass. If | want to represent
this is terms of mass fraction then obviously its nature will not be changed, only the value of Y

axis will change.
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| Particle Size Distribution

To normalize the plot, one can divide the masses of each size by the total mass, to
obtain the mass fractions as shown in following figure:
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Which | have shown in this graph, which we called as normalized graph. So here instead of mass
we can consider mass fraction, rest of the things will remain same. So this is basically the

differential form or we call it frequency chart for particle size distribution.
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| Parf'icle Size Distribution

Finally if we add the mass fractions cumulatively we get the cumulative mass fraction
plot, shown below:

Average Mass
size,mm fraction
d!l! Xy
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If 1 draw the cumulative graph we have to add all mass fraction to get the cumulative mass
fraction plot as we have shown in this table. In this table if you consider the first column that is
all dayg value we have written and here 1 am having the mass fraction. So if I consider the lowest
value that is the minimum size of the particle and if it has the fraction Xs, so correspond to daygs
the value is Xs, if | consider daygs here | am having the value X4+Xs because we are making the

cumulative from bottom to top.

Now why we are doing this from bottom to top, because if | consider this daygs it means if |

consider this opening.
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| ParticIe Size Distribution

Finally if we add the mass fractions cumulatively we get the cumulative mass fraction
plot, shown below:

Average Mass.
size,mm fraction
Gy | XXty
dog | Xextx
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The mass correspond to this opening that is X4 and mass below to this all will be passed from
this, therefore we can consider correspond to dayga the total mass which is the summation of X,

and Xs and we have represented this with X,.
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4 Parficle Size Distribution

Finally if we add the mass fractions cumulatively we get the cumulative mass fraction
plot, shown below:
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So if I want to draw the cumulative plot on X axis we have represented the diameter and on Y
axis we can represent cumulative mass fraction. For daygs correspond to Xs we can have the bar
chart like this. If | want to draw for daygs We have to join X4 as well as Xs together. So correspond
to davgs We have X4 X4 value which has Xsas we have shown correspond to daygs and X4 would be
added over here, so correspond to dayg total mass fraction would be X4, and similarly if I consider
for daygs the cumulative mass is Xz, X4 and Xs summation of all these will be called as

cumulative mass fraction correspond to daygs.

And in similar line we can write for other fractions also here you see, so once | keep on
cumulating from bottom to top when | reach to the top correspond to X; the value should always
be equal to 1. So this we call the cumulative graph, if 1 do this and if I join the center of these
bars together we can have the cumulative plot like this. So this is basically the cumulative plot,

we will use this curve for the computation purpose in subsequent lectures.
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Particle Size Distribution

Finally if we add the mass fractions cumulatively we get the cumulative mass fraction
plot, shown below:
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But here you should understand how to plot the cumulative mass fraction curve. Now here in this
slide 1 have shown how the particle size and shape is measured though we have already
discussed this but whatever we have discussed that is the manual effort. If we want to compute

this through the instrument how we will do this.
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How particle size and shape is measured?

Particles are fed from the sample funnel into the
measurement area by a vibrating feeder, Sample
particles are dropped beltween a video camera and
synchronized strobe light by a vibrating feeder.
When the strobe flashes, the camera takes an
image of the particles, Images are displayed on a
video monitor or on the computer screen. The
picture is then analyzed by the software.
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So this is basic instrument for this and we call it particle size analyzer, here particles are fed from
a sample funnel into the measurement area by vibrating feeder. Now if you see this here we have
the funnel and this is the vibrating feeder. Once the feed is coming to the funnel it drops in this
feeder, it vibrates so due to that vibration material is continuously fall between the analyzer. So
here you see this is the funnel and this is the vibrating feeder, material is continuously fall in the
analyzer, now here if you see this particular section this is called strobe and here we have the

video camera.

This continuously takes the picture of this as particles falling in between these two. So sample

particles are dropped between a video camera and the synchronized strobe light.
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How particle size and shape is measured?

Particles are fed from the sample funnel into the
measurement arca by a vibrating feeder, Samph
particles are dropped between a video camera and
synchronized strobe light by a vibrating feeder.
When the strobe flashes, the camera takes an
Image of the particles. Images are displayed oh a
video monitor or on the computer screen. The
picture is then analyzed by the software

.
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By a vibrating feeder, when the strobe flashes the camera takes the image of the particle and this
image are displayed on the associated computer and the picture is then analyzed by the software.
So if you see this particular image which is reflected on a computer screen this is basically the
pictures taken by this video camera. So after a short interval continuously these images are

coming and we can analyze this.
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How particle size and shape is measured? '

A digital image |s made up of uniform size pixels.
By counting the number of pixels in each particle,
the sizc and shape of the particle can be
determined. Parlicles are measured for ares,
perimeter, and min and max diameter. From these
measurements, shape factor and particle volume
are calculated. Thoussnds of particles can be
measured In each digital image and images can be
taken at up to 20 frames per second. Total sample
analysis time is generally 3 to 5 minutes,

e . WIS
e i 1
CHVCAIOS CouN

How we can analyze this it is shown in this slide, so if you see this particular image where a
single particle is shown which we call a digital image. So a digital image is made up of uniform
size pixels. If you see these square or rectangular shape cells these are called the pixel which are
of uniform size. By counting the number of pixels in each particle the size and shape of particle
can be determined. If | consider the diameter on this axis you can simply count thisis 1, 2, 3,4, 5
and similarly up to 15 we can calculate in this, we can count in this. So if you consider the

largest diameter it is, it will have the value equal to 15.

So using this image particles are measured for area, periphery and minimum and maximum
diameter. From these measurements shape, factor, and particle volumes are computed.
Thousands of particles can be measured in each digital image and images can be taken at up to
20 frames per second. So total sample analysis time is generally 3 to 5 minutes, so this is the

method how we measure the particle size as well as shape using the analytical instruments.
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Following is the results of screen analysis of pyrite Problem
having specific gravity as 5.
Mesh number | Screen opening, pm | Mass Retaining (g) |
4 4760 0
6 3353 30
8 2399 46
10 2032 50
14 1405 78
20 842 87
25 708 70
35 500 60
50 296 46
70 211 35 4
100 151 22
140 104 14
200 75 12

Now in this particular lecture I will demonstrate worked example, here | have the problem,
following is the result of a screen analysis of pyrite having the specific gravity as 5. So if you see
this table here we have represented the data which we have got from the screen analysis which
includes mesh number from 4 to 200 and screen opening from 4760 to 75, so here if you see this
mesh number here we have used the American standard then the Indian standard screen and mass

retained on each screen is also shown over here.

So what we have to compute for this problem, the first is the specific surface area.
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Following is the results of screen analysis of pyrite Problem

having specific gravity as 5.
Mesh number | Screen opening, pm | Mass Retaining ]gL
4 4760 0 Compute:
6 3353 30
B 2399 46 (a) specific surface area
10 2032 50
14 1405 78 (b) number of particles if all
20 842 87 particles are of spherical
25 708 70 shape
35 500 60
50 2% a6 (¢) quadraticmean diameter
70 211 35 (d) Sauter diameter
100 151 22
140 104 14
200 75 12

Secondly we will compute number of particles if all particles are of spherical shape, so here we
have to consider the uniform shape of particle that is a spherical. Third we have to calculate
quadratic mean diameter and finally we will compute sauter diameter for the mixture. Now to
calculate the specific surface area on number of particle or quadratic mean dia, first of all we
have to calculate the.
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Following is the results of screen analysis of pyrite Problem

having specific gravity as 5.
Mesh number | Screen opening, pm | Mass Retaining () |
4 4760 0 Compute:
6 3353 30
B 2399 46 (a) specific surface area
10 2032 50
19 1405 78 (b) number of particles if all
20 342 37 particles are of spherical
25 708 70 shape
35 500 60
50 2% a6 (¢) quadraticmean diameter
70 211 35 (d) Sauter diameter
100 151 22
140 104 14
200 75 12

Average diameter of the particle in a particular fraction, for calculation of average diameter we
should know from which screen material is passed and to which screen it is retained so if |

consider the first one
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Mesh number | Screen opening, um | Mass Retaining (g) |
-4+6 -4760+3353 30
-6+8 -335342399 46
-8+10 -2399+2032 50 To calculate average
-10+14 -2032+1405 78 diameter first of all the
-14+20 -1405+842 87 dataiin the problem
Saess T 000 S
35048 5001296 % Fonverted .to -[+ for‘mat
48465 2964211 35 i.e. undersize/oversize
-65+100 -2114151 22
-100+150 -151+104 14
-150+200 -104+75 12

Here | am having - 4 +6 it means material which is passed from 4™ screen and retained on 6™

screen is basically 3o gram. If you remember the previous slide.
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Following is the results of screen analysis of pyrite Problem
having specific gravity as 5.
Mesh number | Screen opening, um | Mass Retaining (g) |
4 4760 0 Compute:
6 3353 30
8 2399 46 (a) specific surface area
10 2032 S0
14 1405 78 (b) number Of particles if all
20 842 87 particles are of spherical
25 708 70 shape
35 500 60 A A
50 29 m (c) quadratic mean diameter
0 211 35 (d) Sauter diameter
100 151 22 3
140 104 14
200 75 12
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Here what we have the value correspond to 4 we have 0 mass retained, it means nothing is
retained on 4™ mesh screen so whatever is passed from 4" screen is retained on 6" screen is
equal to 30 gram. So same we have represented over here that is -4+6, if | consider screen
opening that is -4760 + 3353 micro meter, this we have shown and corresponding to this we have
the mass fraction equal to 30 gram and similarly we can show for rest of the fraction in -+ format

to compute the average diameter of particles in each fraction.

And | hope you are understanding what is — what is +, - shows whatever
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ﬂ

Mesh number | Screen opening, um | Mass Retaining (g) |
-4+6 -4760+3353 30
-6+8 -335342399 46
-8+10 -2399+2032 50 To calculate average
-10+14 -2032+1405 78 diameter first of all the
14120 18054842 § datain the problem
';:’:8 SA2t708 1) table should be
:35:4: ;g:::gg :2 'converted .to -[+ for!'nat
48465 2964211 35 i.e. undersize/oversize
-65+100 -2114151 22
-1004150 -151+104 14
-150+200 -104+75 12

Is the undersize to 4 and + shows whatever is the oversize. Here if you see this -4 and +6 in other
word we can say -4 is basically showing the undersize to 4, it means whatever is passed through
4 and +6 is basically showing the material which is larger than correspond to 6 mesh number
opening. So -4 is basically undersize to 4 +6 is basically over size to 6 so -+ we also call it

undersize as well as oversize format.
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.. Specific surface area
T

0 calculate the mass fraction:

Meshnumber |  Screen Mass Mass
opening, um | Retaining(g) | fraction

-446 -4760+3353 30
648 -3353+2399 46
-8+10 -2399+2032 50
-10+14 -2032+1405 78
-14+20 -1405+842 87
-20428 -842+708 70
-28+35 -708+500 60
-35+48 -500+296 46
-48+65 -2964211 35
-65+100 -211+151 22
-100+150 -151+104 14
-1504200 -104+75 12

Total mass = 550 g

For 1* interval:
Mass fraction for -4+6
=30/550 = 0.5455

6 nx
S = Y|
e

Now we will compute a specific surface area. To calculate a specific surface area this is the
expression of specific surface area where the expression goes as 6 /p () Xildavg.i), SO all these
parameters we will consider we will compute one by one and then we will calculate the specific
surface area. First of all we will concentrate on mass fraction, so total mass if you count the mass

retained on each screen if you count all these value it will be equal to 550 gram, for first interval

that is -4 +6 it has mass retain as 30.

So mass fraction for first interval is 30/550 = 0.5455 so we can write the value of mass fraction
of first interval here. In the similar line | can calculate mass fraction for other fractions also, for
example -20 +28 it has 70, 70/ 550 so the value comes as it is shown over here, so if you join all

this if you add all these mass fraction it would be equal to one, so here | have calculated mass

fraction correspond to all fractions and in this slide.
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Specific surface area
T d

o calculate average size of particles, d, .:

Mesh  Screenopening Mass dw, (m)

number um fraction, x
446 -4760+3353 | 0.0545 | 0.004057 For 1**interval:
648 | -3353+2399 | 0.0836 | 0.002876 doyg1 = (476043353)/2
-8+10 | -2399+2032 | 0.0909 | 0.002216 = 4056.5 pm
-10+14 | -2032+1405 | 0.1418 | 0.001719 =0.004057 m

-14+20 | -1405+842 | 01582 | 0.001124
20428 | 8424708 | 0.1273 | 0.000775
28435 | -708+500 | 0.1091 | 0.000604 6 [,, x )
35448 | -500+296 | 00836 | 0.000398 | S, =)l

48+65 | -296+211 | 0.0636 | 0.000254 P\ s

65+100 | 2114151 | 0.0400 | 0.000181 '
-100+150 [ -151+104 | 0.0255 | 0.000128
-150+200 | 104475 | 0.0218 | 8.95€-05

We have to calculate d average for first interval, how we can compute the d average, the
arithmetic mean of screen opening of 4 and 6 mesh number screens. So it would be 4760+
3353/2 so there is 4056.5 micro meter, in terms of meter we can represent this as 0.004057 and
this value we can write over here. So here if you see this expression for specific surface x i and d
average i for all fraction we have computed and we have written in this table. Further we have to

calculate the value of ni that is specific surface ratio. Now if you remember this specific.
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Specific surface area
To calculate specific surface ratio, n:

Mesh | Mass |dwe,(m)| n 6 nx
number |fraction, x SM=;Z e
446 0.0545 |0.004057| 5.2 EL\ Yangi
648 0.0836 |0.002876
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AVERAGE PARTICLE DIAMETER, MICRONS

Surface ratio for different material we can see this value through a standard graph and here I am
having that graph which is plotted between ratio of a specific surface, that is n versus average
particle size diameter that is in microns. So if you remember the material we have the material as
pyrite which is shown by two number plot in this graph. So first value is 4057 micro meter the
average particle diameter, so correspond to 4057 we can place a line and correspond to this value
as well as 2 number plot we can calculate the, we can see the value n from this graph which
comes as 5.2.

So you can see that using this graph we can calculate, we can find the value of n that is specific

surface ratio very easily and similarly we can write them.
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Specific surface area
To calculate specific surface ratio, n:

Mesh | Mass |[dwe,(m)| n 64 nx,
number |fraction, x sm:_z d_
4% | 00505 |0004057] 52 P\ Gy
-648 | 0.0836 |0.002876| 4.7
-8+10 | 0.0909 |0.002216| 4.2
-10+¢14 | 0.1418 |0.001719| 3.8
-14+20 | 0.1582 |0.001124| 34
-20+28 | 0.1273 |0.000775| 3
-28+35 | 0.1091 |0.000604| 2.8
-35+448 | 0.0836 [0.000398| 2.6
-48+65 | 0.0636 |0.000254| 23
-65+4100 | 0.0400 |0.000181| 2.2
-1004150 | 0.0255 |0.000128| 2.1
-1504200 | 0.0218 |8.95€-05| 2

N value for other fractions also. Now | am having all values to calculate specific surface ratio,
we already know the value p that is the density because we have given specific gravity of the

material, therefore if you see this expression.
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- Specific surface area
;

o calculate specific surface area:

Mesh | Mass | a2 - Gl hx,
number |fraction,x| ¥ Dot Sy== d_
446 0.0545 |0.004057| 5.2 | 69.9215 P et Yavgi
-648 0.0836 |0.002876| 4.7 |136.6797
-8+10 0.0909 [0.002216| 4.2 |172.3395 3
-10+14 | 01418 0.001719] 38 |3135927|  Density =5000 kg/m’
-14+20 | 0.1582 (0.001124| 3.4 |478.6989
20428 | 0.1273 (0.000775| 3 |492.6686 Sy = (6/ 5000)*4586.355
-28+35 | 0.1091 [0.000604| 2.8 |505.7194 =5.6236 mllkg
-35+448 | 0.0836 [0.000398| 2.6 |546.3682
-48+65 | 0.0636 |0.000254| 2.3 |577.3713
-65+4100 | 0.0400 |0.000181| 2.2 |486.1878
-100+150 | 0.0255 |0.000128| 2.1 (419.2513
-1504200 | 0.0218 |[8.95E-05| 2 |487.5571
Total = 4686.356 m'

We have make the X of n;, x; over d average i for all fraction where i vary from 1 to f if I am
having all fractions as f we can simply compute this because we have already computed n, x and
d average for individual fractions. So for first interval we can calculate n;, x;, and d average i as
5.2 x 0.0545/0.004057 and value comes at 69.9215, this we can write in the cell. In the similar
line we can calculate the value in rest of the fractions and total summation of this would, we can
simply add all these value of n; x; / di which comes as 4686.356 per meter and density of the
material is 5000. So | am having all values, we can simply calculate a specific surface area of
mixture that is 6/5000 which is the density of the material into total n; x; / d; for all fractions. So

5.6236 m2/kg is the specific surface area of the mixture.
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Number of particles

Mesh | Mass |5 d Number of particles per kg:
number |fraction,x| ™ ru . ;

4+6_| 0.0545 |0.004057 N o x
698 | 0.0836 |0,002876 e 3
8410 | 00909 [0.002216 M pxaiFd,,

-10+14 | 0.1418 (0.001719
-14¢20 | 01582 |0.001124
20428 | 01273 |0.000775
-28+35 | 01091 |0.000604
«35¢48 | 00836 |0.000398
-48+65 | 00636 |0.000254
-65+¢100 | 0.0400 |0.000181
100+150 | 0.0255 |0,000128
-1504200 | 0.0218 | B.95E-05

Further I have to calculate number of particles in a mixture, so number of particles per kg we can
write like this N/M.
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Number of particles

Mesh | Mass | A Number of particles per kg:
number |fraction, ] ™ s ;

446 | 00545 0004057 6.67505€-08 N 1 o x
-648 | 0.0836 |0.002876| 2.37885€-08 ‘g =T ]—
$+10 | 0,0309 |0.002216] 108746€-08 Mo pxad,,

-10+14 | 0.1418 (0.001719( 5.07515€-09
-14420 | 01582 |0,001124( 1.41814€-09

For 1* interval:

20428 | 0.1273 [0.000775( 4.65484E-10 d' _  =6.67505E-08

Rl

-28435 | 0.1091 |0.000604 ( 2.20349€-10
+35¢48 | 0,0836 [0.000398| 6,30448€-11
«48+65 | 0.0636 |0.000254| 1.62905E-11
-65+100 | 0,0400 |0.000181| 592974€-12
100+150 | 00255 [0.000128| 2.07267E-12
-1504200 | 0.0218 | B.95E-05 | 7.16917E-13

An expression is 1/ (p x a) = x;/d° avg > So first of all we know d average for each fraction we
have to compute d* 4q;° for each fraction, the first interval d® 4y 1° value is coming as it is shown
over here which we can write at the proper place in the table and similarly d® ., * for rest of the
fraction can be computed. We have already computed mass fraction for a specific surface area

computation, so that we can use over here.
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Number of particles

X

Mesh | Mass [ g o = Number of particles per kg:
number [fraction, x| ¥ s o , |
46| 00585 [0.00a057/6.6750508 g1 715a.0000| ¥ . | © X,

648 | 0.0836 [0.002876]2,37885€-08| 3515835096 | l—{-T '1—
-B+10 | 0.0909 [0.002216(1.08746€-08| B359726.165 | ° PruTc
10414 | 0.1418 [0.001719[5.07515€-09] 2794366099 | £o 14t interval:

14420 | 0.1582 [0.0011241,41814€.09] 111541718.9
-20428 | 0.1273 [0.000775)4.65484€-10| 2734199774 | x/d’, | = 0.0545/6.67505E-08
-28+35 | 0.1091 [0,000604[2,20349E-10( 495082693.5 - 817154.4014
-35+48 | 0.0836 |0.000398[5.30448E-11] 1326618123
48465 | 0.0636 [0.000254(1,62905€-11| 3906352801
65+100 | 0.0400 0.000181(5.92974E-12| 6745657188

-100+150| 0.0255 |0.000128]2.07267€-12| 12281029989
-1504200{ 0.0218 |8.95£-05|7.16917E-13 30433328273

aea

So now we have to calculate xjand dayg 2 for each interval, for first interval we can write x1/ d
avg 1° and whatever value we are having is 817154.4014, this value we can write over here and

similarly we can write value in rest of the intervals. As we have summation over here.
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If all particles are of spherical shape, a = /6 Number of pamdes

X

Mesh | Mass ’ & s Number of particles per kg:
number fraction,x] i Iy 7 f
446 | 0.0545 |0.004057|6.675056-08] 817156.4014 | IV I X,

08| 00836 [0.002876/2 37885608 351583509 | ™ Ly p
8410 | 0.0909 [0.002216|1,08746E08) 8359726065 | P XU U,
710414 | 0.1418 |0.001719]5,07515€-09] 27943660.99 5 i
14120 | 0.1582 [0.001124]1,41814€.09] 1115417189 | Density = 5000 ke/m
20428 | 0.1273 [0.000775]4.65484-10 27301099774 |
28435 | 01091 |0.000604]2.203496-10] 4950826935 | . - -
M S000% 05236
-35+448 | 0.0B36 ]0.000393 6.30448E-11| 1326618123
48465 | 00636 [0.000254/L6290SE-11] 3906352801 | _ 1945805 narticles/kg
-65+100 ,_.Q:Q‘!.QQ.,I,Q:Q@!@I 592974E-12| 6745657188

x S5613667141

-100+150 0.0255 |0.000128|2.07267E-12| 12281029989

-150+200( 0.0218 |8.95€-05(7,16917€-13| 30433328273

Total = 55613667141 m?

So this we have to add all the value of x;jand d ayg 2 we have to add, the value comes like this,
such a huge value and density | am having 5000kg/m* | am having all particles of spherical
shape the value of A should be I1/6. So it comes as 0.5236 so putting all the value over here we
can have 21242806 particles/kg. So using particle size distribution data we can calculate specific
surface area and number of particles in the mixture, in continuation to this we can calculate

quadratic mean diameter which we also call surface mean diameter.
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Quadratic mean diameter

L1

Mesh | Mass i 5 (& :
number Lraction, d""' i Ao [Z d : ]

-4+6 | 0.0545 |0.004057 | 817154.4014 d' = ‘: SO

648 | 0,0836 |0,002876| 3515835.096 Z X

-8+410 | 0.0909 |0.002216 | 8359726.165 [. g d; I]

210414 | 01418 |0,001719] 27943660.99
-14+20 | 0.1582 |0.001124 | 111541718.9 For 1* interval:
-20:28 | 0.1273 |0.000775 | 273419977.4
-28¢35 | 0,1091 {0.000604 | 495082693.5 x'/d"’-‘=0'05a5/0'004057
35448 | 0.0836 |0,000398] 1326618123 =13.44643

48465 | 0.0636 |0.000254] 3906352801
5+100 | 0.0400 |0.000181 ] 6745657188
-100+150| 00255 |0.000128 | 12281023389
-1504200| 0.0218 | 8.95€-05 | 30433328273

So that is d*and the expression goes as [xi/ d° ayq1 2 i=1 to f]/ [xi d° a1 = 1=1 to f] and the whole
is power %. So this is the expression, in the previous slide for computation of number of particle
we have already calculated xi and d® aq .
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Quadratic mean diameter

L

Mesh LMass d f 5 (& x,
number fraction,d ™ [ o) Z d
-4+6 | 0.0545 |0.004057 | 817154.4014 | 1344643 d = AR e/

w8 | 0.0836 |0.002876 3515835.09 | 29.08079 | [2‘ X, J
-8410 | 0.0909 |0.002216| 8359726.165 | 41.03322 d
210114 | 01418 |0,001719] 2794366099 | 82,5244
14420 | 01582 |0,001124 ] 111541718.9 | 140.7938 | For 1*interval:
20428 | 01273 |0.000775 | 2734199774 | 164.2229

28+35 | 01091 [0.000604] 495082693.5 | 1806141 | "o/ e, = 0.0545/0.004057
35:48 | 0.0836 |0.000398| 1326618123 | 210.1416 =13.44643
48+65 | 0.0636 |0.000254| 3906352801 | 251031
55+100 | 0.0400 |0.000181 ] 6745657188 | 2209945
-100+150] 0.0255 |0.000128 | 12281029989 | 199.6435
150+200] 0.0218 | B.956-05 | 30433328273 | 243.7786

3
o B

Which we have shown in this column, now we have to compute Xi, d ayg1. For first interval x1 d
avg 1 We have computed using mass fraction as well as d average value and the value comes as
13.44643 and we can write the value over here. Similarly we can write the value in rest of the
columns also. Now once | am having all values of xi d® 1 as well as xi d g for all fraction we
can simply sum them up to have the value of summation of these particular expression. So xi/ d*
avg 1 give the value of 55613667141 and Xi/ d ayq 1.
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Quadratic mean diameter

L

Mesh | Mass N 5 (e
number erionl Aoy ., Aoy [Z d '
45| 0.0545 [0004057 8171540004 | 1348643 | d = |+t
68 | 0,0836 |0,002876 | 3515835.096 | 29.0807%9 t X,
-8+10 | 0.0909 |0.002216 | 8359726.165 | 41.03322 T d;.

0014 | 01418 |0.001719] 294366099 | 82,5244
14+20 [ 0.1582 [0.001124] 1115417189 | 140.7938 | For 1*interval:
-20+28 | 0.1273 (0.000775| 273419977.4 | 164.2229
28035 | 0.1091 [0.000604] 4950826935 | 1806141 | "o/ Oe.: = 0.0545/0.004057

35:48 | 0.0836 |0.000398 | 1326618123 | 210.1416 =13.44643
-18+65 | 0.0636 0.000250 3906352601 | 250031 | g o(1777.305/55613667141)°S
54100 | 0.0400 0.000181] 6745657188 | 220.9945 £ 0.000178768 m

-100+150( 0.0255 [0.000128 | 12281029989 | 199.6435
-150+200| 0.0218 | 8.95€-05 | 30433328273 | 243.7786
Total = 55613667141  1777.305

= 178,768 pm

It gives the value as 1777.305 so using these two value we can calculate quadratic mean diameter
and it value comes as, and its value comes as 178.768 micrometer. In this way we can calculate

the mean particle size of a mixture, please remember this.
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Quadratic mean diameter

Mesh LMass d % % £ RS
number fraction, ™ s Oy, Y 0

46| 0,055 [0.004057| 8171544014 | 1344643 | d, =| 2L
648 | 0,0836 [0.002876| 3515835096 | 29.08079 [t X, ]

-8410 | 0.0909 [0.002216/ 8350726.165 | 41.03322
-10+14 | 0.1418 [0.001719] 27943660.99 | 82.5244
-14+20 | 01582 [0.001124] 111541718.9 | 140.7938 | For I*!interval:
-20+28 | 0.1273 [0,000775| 273419977.4 | 164,2229

28435 | 0.1091 0.000604] 4950826935 | 1806141 | /%= 0.0545/0.004057

el d;z "

-35+48 | 0.0836 |0.000398| 1326618123 | 210.1416 =13.44643
-48+65 | 0.0636 |0.000254]| 3906352801 | 251.031 d,,=(1777.305/55613667141)0-5
-65+100 | 0.0400 |0.000181| 6745657188 | 220.9945 = 0,000178768 m

-100+150| 0.0255 (0.000128 | 12281029989 | 199.6435
-150+200| 0.0218 |8.95€-05 | 30433328273 | 243.7786

=178.768 ym

Total = 55613667141  1777.305

Is the mean diameter or mean particle size of the mixture not a particular fraction? Further | can
calculate Sauter diameter, we are having the expression.



(Refer Slide Time: 23:26)

Sauter diameter
Mesh | Mass d n nx

number |fraction x| "** o, 6 |
-4+6 | 0.0545 |(0.004057 | 52 | 69.9215 T

648 | 00836 [0002876| 47 [ 1366797 | " pxS, Lpy
8410 | 00909 |0.002216 | 4.2 | 1723395 o S
-10+14 | 0.1418 [0001719] 338 | 3135927 A\ g

-14+20 | 0.1582 |0.001124 | 3.4 | 478.6989
-20+28 | 0.1273 [0.000775 | 3 | 492.6686
-28+35 | 0.1091 |0.000604 | 2.8 | 505.7194
-35+48 | 0.0836 | 0.000398 | 2.6 | 5463682
-48+65 | 0,0636 |0.000254 | 2.3 | 577.3713
-65+¢100 | 0.0400 |0.000181 | 2,2 | 486.1878
-100+150| 0.0255 [0.000128 | 2.1 | 419.2513
-150+200] 0.0218 | 8.95€-05 | 2 | 487,571

dvs = 6/pSm Where Sy, is specific surface area which we have just computed. Specific surface area
means it is surface area per unit mass and if you remember Sauter diameter is the volume surface
ratio, so here we have to multiply Sy, with the p to calculate the volume surface ratio and if I put
the expression for Sm over here the final expression of Sauter diameter is 1 over. nj X; OVer daygi.
So here in this slide we can write the value of n; X; /dagi Which we have computed once we were

computing the specific surface area of the mixture, all these value we can find we can have.
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| Sauter diameter

Mesh | Mass | ; n X
number |fraction,x| "’ ‘lm..._. 6 |

-446 0.0545 |0.004057 | 5.2 | 69.9215 d = ey 5

-6+8 0.0836 | 0.002876 | 4.7 | 136.6797 i pXx S‘ / nx
-8+10 | 0.0909 |0.002216 | 4.2 | 172.3395 Z S
-10+14 | 0.1418 [0.001719 | 3.8 | 313.5927 =l dwg i

214420 | 01582 |0,001124 | 3.4 | 478.6989
20v28 | 01273 |0.000775 | 3 | 4926686 | Ow-1/4686.356

-28+35 | 0.1091 |0.000604 | 2.8 | 505.7194 =0.000213385 m
-35+48 | 0.0836 |0.000398 | 2.6 | 546.3682 =213.385 um

-48+65 | 0.0636 | 0.000254 | 2.3 | 577.3713
-65+100 | 0.0400 | 0.000181 | 2.2 | 486.1878
100+150| 0.0255 |0,000128 | 2.1 | 419.2513
.150+200] 0.0218 | 8.95€-05 | 2 | 487.5571

Total = 4686,356 m*

The )’ of this we can have 4686.356 per meter so considering this value we can calculate Sauter
diameter as 1 divided by this complete value and Sauter diameter comes as 213. 385 micro
meter. So in this way we can calculate the specific surface area, number of particles, quadratic
mean dia also we call at surface mean and Sauter diameter we can calculate once | am having the

particle size distribution data. So that is about the, that is all for this worked example.
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Summary of the Lecture ‘

v Differential as well as cumulative particle size distribution
was discussed once the screen analysis was completed,

v Estimation of particle size and shape using measuring
instruments was described.

v Worked example was consider to find specific surface area,
number of particles, mean size and Sauter diameter of
mixture,

So summary of this lecture goes as differential as well as cumulative particle size distribution
was discussed once we are having screen analysis data. Secondly in this lecture we have
discussed the estimation of particle size and shape using measuring instrument and finally we
have solved one example and we have computed the specific surface area and number of particle

mean size and Sauter diameter of the mixture, and that is all for this lecture 5, 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

Acknowledgment
Prof. Pradipta Banerji

Director, 11T 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


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

Graphics
Binoy. V. P

Nptel Coordinator
Prof. B. K. Gandhi

An Educational Technology Cell
II'T Roorkee Production

© Copyright All rights Reserved

WANT TO SEE MORE LIKE THIS
SUBSCRIBE






