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I welcome you all in the second lecture of the course mechanical operation. And this lecture

consist the characterization of single particle.
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Solids, in general, are more difficult to handle than liquids
or gases. In processing, solids appear in a variety of forms-
angular pieces, continuous sheets, finely divided
powders. They may be hard and abrasive, tough and
rubbery, soft or fragile, dusty, cohesive, free flowing or
sticky. Whatever their form, means must be found to
manipulate the solids as they occur and, if possible, to
improve their handling characteristics.

As you understand that mechanical operation deals with the solid, so solid in general, are more
difficult to handle than liquid or gases. In processing solids appear in a variety of forms such as
angular pieces, continuous sheets, finely divided powders. They may be hard and abrasive, tough
and rubbery, soft or fragile, dusty, cohesive, free flowing or sticky. So depending upon the nature
of the solid.
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Solids, in general, are more difficult to handle than liquids
or gases. In processing, solids appear in a variety of forms-
angular pieces, continuous sheets, finely divided
powders. They may be hard and abrasive, tough and
rubbery, soft or fragile, dusty, cohesive, free flowing or
sticky. Whatever their form, means must be found to
manipulate the solids as they occur and, if possible, to
improve their handling characteristics.

We have to handle all these solid differently. So whatever they are form like whatever their
shape like it is angular piece, continuous sheet or whatever their nature means must be provided,
means must be found to manipulate the solid as they occur. And if possible to improve their

handling characteristic.
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Solids, in general, are more difficult to handle than liquids
or gases. In processing, solids appear in a variety of forms-
angular pieces, continuous sheets, finely divided
powders. They may be hard and abrasive, tough and
rubbery, soft or fragile, dusty, cohesive, free flowing or
sticky. Whatever their form, means must be found to
manipulate the solids as they occur and, if possible, to
improve their handling characteristics.

So we have to think about handling and processing of different type of solids according to their
behavior, according to their nature, as well as their shape. So when | consider about their
behavior, their shape I'm basically speaking about the characterization. So now the
characterization of a particle we are going to define. Now what is characterization if | consider

the characterization of a human being how we can characterize our self.

| can characterize myself by my height, | can characterize myself by my weight or sometime we
can characterize our self by the skin color. So similarly characterization of some single particle
or characterization of a particle has two different part.
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I
Characterization of a

Particle

Size Shape

Individual Solid particles are characterized by their size and shape,

First is we can characterize a particle by its size, and second we can characterize the particle by
its shape. So individual solid particles are characterized by their size and shape along with size
and shape there is another parameter which we call density which consider as a characteristic

parameter of a particle.
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Characterization of a

Particle

Size Shape

Individual $olid particles are characterized by their size and shape.

Particles of homogenous solids have the same density as the bulk
material. Particles obtained by breaking up a composite solid,
such as a metal-bearing ore. have various densities, usually
different from the density of the bulk material.

So particles of homogeneous solid have same density as the bulk particle. If I consider a small
section of a particle a small section of a matter from a bulk it will have the same density as the
bulk itself. However when the particles obtained by breaking up a composite solid, such as
metal-bearing ore, have various densities, usually different from the density of the bulk material.
And that is quite obvious like if we are taking breaking a rock or breaking a composite solid and
if we break it in different number of particle.

If I consider one particle it may have one composition more in comparison to other composition.
In the similar line the second particle of the same rock has second composition more in

comparison to the first one. So according to the composition densities may vary.
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Individual $olid particles are characterized by their size and shape.

Particles of homogenous solids have the same density as the bulk
material. Particles obtained by breaking up a composite solid,
such as a metal-bearing ore. have various densities, usually
different from the density of the bulk material.

Therefore density of a particle play important role along with size and shape. Now before
starting the size and shape of a particle, let me define what is a single particle.
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- Singlé Particle

Definition

McGraw Hill's Dictionary of Sclentific and Technical Terms deflnes
a particle as “any relatively small subdivision of matter, ranging in
dlameter from a few angstroms to a few millimetres™,

What we call a particle and how we can define this. So McGraw Hill’s Dictionary of scientific
and technical terms defines a particle as “any relatively small subdivision of matter, ranging in
diameter from few angstroms to a few millimeters”. So you can understand it is a small division,

a small part of the complete matter and it may have different diameters.
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- Single Particle

Definition

McGraw Hill's Dictionary of Scientific and Technical Terms defines
a particle as “any relatively small subdivision of matter, ranging in
diameter from a few angstroms to a few millimetres”,

Particles that one wishes to measure for slze may be composed
of organic or inorganic molecules; they may be molecularly
homogeneous or inhomogeneous; they may be in solid or liquid
state: they may be of any shape; and may be suspended in
various media,

Particles that one wishes to measure for size may be composed of organic and inorganic
molecules; they may be molecularly homogeneous or inhomogeneous; they may be in solid or
liquid state; they may be of any shape; and may be suspended in various media. So according to
their nature; according to their shape; according to their composition the measuring technique
differs.
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Particle Size hwéize of A Particle

Particle size | Important as It affects propertles such as the surface area
per unit volume.

So when we measure the particle size the question comes, why | am measuring the particle size.
The particle size is important as it affects properties such as surface area per unit volume, and if
you remember the last lecture we have discussed that particle size affects the property which are
directly related with the success and failure of the product. So therefore it is important to

measure the particle size.

Now if | consider the particle in a mixture each particle has three dimensional, it has three
dimension like length, breadth, and height. And if I define, if | want to measure the particle size
its length, breadth, and height should be measured to describe it completely.



(Refer Slide Time: 05:35)

Particle Size Size of A Particle

>

Particle size I8 Important as It affects propertles such as the surface area
per unit volume.

Parlicles are thrae-oimensiona objects for which
three paramelers (the lergth, breadth and height) ars
raquirsd In order to provids a complete descapbon.
A3 Such, 1815 not possible to descnbe a pamicis using
4 Single nuinbér that equates o he padicle Size
Mosi sizing techniques therefors assume that the
matenal being measured & sphencal s a sphere s
the shape hat can be described by o single nuinbar
(its diameter). This equivalent sphere approximation
i5 ugalul 85 it simplifes he way psdicle size is
represenied

I am showing one picture in this picture if you see though this picture is 2D image here you are
saying some of the spherical balls and these spherical balls are basically 3D image 3D object not
the 3D image, it is the 3D object. So similarly each particle is having three different dimension,
though it has spherical has only one but usually particle has three different dimensions. And if
we are going to measure all these three dimension of all the particle it will be very difficult and
practically impossible.

As such it is not possible to describe a particle using a single number that equates to the particle
size. Most sizing techniques therefore assume that the particle being measured is spherical. As a
spherical is the shape that can be described by single number that is its diameter. Therefore
instead of measuring three different dimension of a single particle in a mixture we can simply

equate them to the sphere and then we can measure the size of that sphere.

So this equivalent sphere approximation is useful as it simplifies the way particle size is
represented.
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per unit volume.
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Now if all fine particles | am considering as a sphere their size would be defined exactly by their

diameter or radius.
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Size of A Particle
If all fine particles were spheres, their size would be defined explicitly by their
dlameter or radlus. If cublcal, the length along one edge would be characterlstic;
if of some other reqular shape. another equally appropriate dimension could be

chosen. Regular shape particle can be; the cube, tetrahedron, octahedron,
spherical, etc,

Particle Size

Because all particles are of spherical shape if the particle are of cubical shape the length along
one edge would be the characteristic, if of some other regular shape another equally appropriate
dimension could be chosen. Now if you see this we can have only single parameter to define the

size of particle when the particle shape is regular.
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Particle Size "Size of A Particle

If all fine particles were spheres, their size would be defined explicitly by their
diameter or radius. If cublcal, the length along one edge would be characterlstic;
if of some other reqular shape. another equally appropriate dimension could be
chosen, Regular shape particle can be; the cube, tetrahedron, octahedron,
spherical, etc,

When I say regular shape the cube tetrahedron, octahedron, spherical etc come under this.
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Particle Size Size of A Particle

If all fine particles were spheres, their size would be defined explicitly by their
dlameter or radius. If cublcal, the length along one edge would be characterlstic,
if of some other reqular shape. another equally appropriate dimension could be
chosen, Regular shape parficle can be; the cube, tetrahedron, octahedron,
spherical, etc,
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So all these shape which I am showing all these are having regular shapes. However in actual
scenario the particle are quite irregular in geometry. And if we define all three dimension of this
it will be very time consuming. So every collection of particle contains particles of many

different sizes commonly referred to as particle size distribution.
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Particle Size - Size of A Particle

If all fine particles were spheres, their size would be defined explicitly by their
dlameter or radius. If cublcal, the length along one edge would be characterlstic;
if of some other reqular shape. another equally appropriate dimension could be
chosen, Regular shape particle can be; the cube, tetrahedron, octahadron,
spherical, etc,
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Unfortunately, the great majority of particles are quite irregular and an arbitrary
deflnition of “size™ is the only resort, short of detalled examination of each
particle. Moreover, every collection of particles contding particles of many
different sizes, commonly referred to as the particle size distribution. Hence, a
practical definition of particle size must permit 8 great number of partfcles to be
examined in a refatively shorl lime

So if I consider the single particle and if | consider the bunch of particle, or the mixture of
particles, in mixture of particle we usually define distribution like some amount of some mass
fraction of total mass having a particular size, another mass fraction of total mass is having

another size. So accordingly we define the particle size distribution.
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Particle Size — Size of A Particle

If all fine particles were spheres, their size would be defined explicitly by their
dlameter or radius. If cublcal, the length along one edge would be characterlstic;
if of some other reqular shape. another equally appropriate dimension could be
chosen, Regular shape particle can be; the cube, tetrahedron, octahadron,
spherical, etc,
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Unfortunately, the great majority of particles are quite irregular and an arbitrary
deflnition of “size™ is the only resort, short of detalled examination of each
particle. Moreover, every collection of particles contding particles of many
different sizes, commonly referred to as the particle size distribution. Hence, a
practical definitlon of particle size must permit 3 great number of partfcles to be
examined in a refatively shorl lime

And in that mixture when we define particle in terms of all three dimensions that is practically
impossible or it is very time consuming. Hence a practical definition of particle size must permit

a great number of particles to be examined in a relatively short time.
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Particle Size Size of A Particle

If all fine particles were spheres, their size would be defined explicitly by their
dlameter or radlus. If cublcal, the length along one edge would be characterlstic:
if of some other reqular shape. another equally appropriate dimension could be
chosen, Regular shape particle can be; the cube, tetrahedron, octahadron,

spherical, etc,
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Unfortunately, the great majority of particles are quite irregular and an arbitrary
deflnition of “size™ is the only resort, short of detalled examination of each
particle. Moreover, every collection of particles contding particles of many
different sizes, commonly referred to as the particle size distribution. Hence, a
practical definitlon of particle size must permit 3 great number of partfcles to be
examined in a relatively short lime

Therefore to define a particle using a single dimension basically it determine the particle in very
short time.
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Particle Size by others Size of A Particle

Martin (1931] detined the size of an Irregular parfich: as the leagth of the line dsechng the
maximum cross-sectional ara of the particl,

Therefore to define the size of particle using single dimension a few researchers have shown
some has proposed some definition like Martin 1931 define the size of an irregular particle as the

length of line bisecting the maximum cross-sectional area of the particle.



(Refer Slide Time: 09:21)

Particle Size by others Size of A Particle

Wartin (1931) defined the size of an irregular particie a5 the length of the line bisechng the
maximum cross-sectional area of the particla,

9

Some
commonly used
descriptions of

partice size

Now for example if I am having this particle and this is the width of particle, this is the length of
particle it is quite irregular in shape. So first of all we have to place the particle in such a manner
so that its maximum cross-sectional area should be the projected area.



(Refer Slide Time: 09:44)

Particle Size by others Size of A Particle

Wartin (1931) defined the size of an irregular particie a5 the length of the line bisechng the
maximum cross-sectional area of the particla,

9

Some
commonly used
descriptions of

partice size

Once | am having this then Martins diameter are that length which divide this complete cross-
sectional area into two equal parts there that is why it is telling as line bisecting the maximum
cross-sectional area of the particle. So this is the Martins diameter.
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Particle Size by others Size of A Particle

Iartin (1931] detined the size of an Irregular particke a% the leagth of the line biscehng the
maximum crass-sectional area of the partk:la,

Feret {1629] defined particle size as the distance between the two most extreme points on
the particle surtace,

Some
commonly used
descriptions of
particle size

Another diameter we have is the Ferets diameter who has defined like if particle is projected to
its maximum cross-sectional area the length between the longest edges of the particle is basically
called the Ferets diameter. So if | consider martins diameter and ferrets diameter they both have
been defined based on the maximum cross-sectional area to be the projected area. And if |
consider this particular definition what is the limitation of it, is it the exact definition that we
want.

Now if I consider martins and Ferets diameter of this particular particle, for example, the, 1 am
having two particle one is having same cross-sectional area as it is another is having also same
cross-sectional area. Now particle one is having that width of this is as like 1mm another particle
is having 2mm. So whatever would be the width of it irrespective of this their Ferets and martins
diameter would be equal | hope you are getting that. So that is the basic limitation of Ferets and

Martin diameter.
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Particle Size by others

Martin (1931 detined the size of an Irregular parfick: &a the length of the line bisectng the
maximum crass-sectional araa of the particla,

Feret {1629] defined particle size as the distance between the tao most extreme points on
the particle surfoce.

The Banitalions of such definilions are,

It the distance batween the farthest edges on the parhcke surtace remams the same but the
rest at s conhguraton changes, its Ferct's diameter shall remain unatered. Obviousty,
such a definltion cannat describe the actudl sze or shape of an Irregular particie.

Some
commonly used
descriptions of
particle size

The limitations of such definition are if the distance between the farthest edges on the particle
surface remains the same but the rest of its configuration changes the Ferets diameter and or
Martins diameter shall remain unaltered, that's why | am telling that if in this side one particle is
having 1mm or another particle is having 2mm both will have same Ferets and Martin diameter.
So obviously such a definition cannot describe the actual size or shape of irregular particle, so

that is the limitation of this.

So the simplest shape of particle is the sphere. If we consider the sphere it is basically the
simplest shape why | am calling it simplest because it has only one parameter to be measured.
Another point is when we have different orientation of this sphere it does not affect the size of
the particle. So the simplest shape of particle is the sphere because of its symmetry any question

of orientation does not have to be considered.

Since the particle looks exactly the same from whatever direction it is viewed and behaves in the

same manner in the field.
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Particle Size Size of A Particle

The simplest shape of a particle is the sphere, because of its symmetry, any
question of orientation does not have to be considered, since the particle looks
exactly the same from whatever dlrectlon It Is viewed and behaves In the same
manner in a fluid, irrespective of its orientation. No other particle has this
characteristic, Frequently, the size of a particle of irregular shape is defined in
terms of the size of an equivalent sphere although the particle is represented
by a sphere of different size according to the property selected. Some of the
important sizes of equivalent spheres are;

Therefore we try to define all irregular particle with sphere. Now how we can do this the size of
a particle of irregular shape is defined in terms of size of equivalent sphere although the particle
is represented by a sphere of different size according to the property selected. Now what is the
meaning of the property selected. The property means for what purpose | want to measure the

particle size. So some of these important sizes of equivalent spheres are.
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Particle Size Size of A Particle

The simplest shape of a particle is the sphere, because of its symmetry, any
question of orientation does not have to be considered, since the particle looks
exactly the same from whatever directlon It Is viewed and behaves In the same
manner in a fluid, irrespective of its orientation. No other particle has this
characteristic, Frequently, the size of a particle of irregular shape is defined in
terms of the size of an equivalent sphere although the particle is represented
by a sphere of different size according to the property selected. Some of the
important sizes of equivalent spheres are;

The sphere of the same volume as the particle.

The first one is a sphere of same volume as the particle. So in this case volume would be that

property | am saying that the property selected so in this particular case volume is that property.
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Particle Size Size of A Particle

The simplest shape of a particle is the sphere, because of its symmetry, any
question of orientation does not have to be considered, since the particle looks
exactly the same from whatever directlon It Is viewed and behaves In the same
manner in a fluid, irrespective of its orientation. No other particle has this
characteristic, Frequently, the size of a particle of irregular shape is defined in
terms of the size of an equivalent sphere although the particle is represented
by a sphere of different size according to the property selected. Some of the
important sizes of equivalent spheres are:

The sphere of the same volume as the particle.
The sphere of the same surface area as the particle.

Another point we have the sphere of same surface area as the particle. So property is the surface
area further the sphere of same surface area per unit volume as the particle, so surface area per

unit volume is the property.
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Particle Size Size of A Particle

The simplest shape of a particle Is the sphere, because of Its symmetry, any
question of orientation does not have to be consldered, since the particle looks
exactly the same from whatever direction it is viewed and behaves in the same
manner in a fluid, irrespective of its orientation. No other particle has this
characteristic. Frequently, the size of a particle of irregular shape is defined in
terms of the size of an equivalent sphere although the particle is represented
by a sphere of different size according to the property selected. Some of the
important sizes of equivalent spheres are:

The sphere of the same volume as the particle.
The sphere of the same surface area as the particle.
The sphere of the same surface area per unit volume as the particle.
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So according to the property we can equate the irregular shape of a particle to the sphere. So let

me define the particle diameter.
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Particle Diameter Size of A Particle

The term “particle diameter” as a quantitative measure of the particle size should be used
with caution. The ferm "diameter” would be well representative of the spherical parficle, but
“real” powders lend to be more rregular in shape with & distribution of sizes and thus
“diameter" may be Interpreted differently by numerous operators.

The term particle diameter as a quantitative measure of particle size should be used with caution.
The term diameter would be well representative of a spherical particle, but real powder tend to
be more irregular in shape with the distribution of sizes and thus diameter may be interpreted
differently by numerous operators. So according to the property we can define the diameter of a

particle while equating this to the sphere.
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Particle Diameter Size of A Particle

The term “particle diameter” as a quantitative measure of the particle size should be used
with caution. The term "diameter" would be well represenfative of the spherical parficle, but
“real” powders lend to be more irregular in shape with a distribution of sizes and thus
“diameter” may be Interpreted differently by numerous operators.
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Now here | am defining one parameter which we call the CE diameter that is circle equivalent
diameter. To define this diameter here | am having this 3D particle which we have shown in 2D
image of this. Now if I consider this particular size or particular image of a particle, how | can
calculate the surface area of this while counting these cells we can calculate the surface area of

the particle.

Now we can equate this to the circle, circle is basically the 2D object or 2D image. Now if | want
to equate this circle with this image we can equate in terms of equal surface area, so convert it to
the circle with the same area and we can calculate a diameter of this very easily, so that we call

at circle equivalent diameter.
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Particle Diameter Size of A Particle

The term “particle diameter” as a quantitative measure of the particle size should be used
with caution. The term “diameter" would be well representative of the spherical parficle, but
“real” powders lend to be more irregular in shape with a distribution of sizes and thus
“diameter” may be Interpreted differently by numerous operators.

| For example consider the 3
CE: Clrcle Equivalent Dlameter shapes having same CE

For square shape:
d=qr
r=1128 or (CE=2257

Now here | am having few different shape which are having equal circle diameter. For example,
if I consider this as square, this as triangle, and this as circle both are having circle equivalent
diameter equal t02.257. Now if | consider the example of this square if it is, one side is two unit
so put total surface area of this is 4 which is equivalent to the nr® that is surface area of the circle

we can calculate a radius from this and then we can calculate the circle equivalent diameter.

So if we want to define the particle in terms of circle that will not give me that exact image

because it has 3D dimension also.
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Particle Diameter Size of A Particle

The term “particle diameter” as a quantitative measure of the particle size should be used
with caution. The term “diameter" would be well representative of the spherical parficle, but
“real” powders lend to be more irregular in shape with a distribution of sizes and thus
“diameter” may be Interpreted differently by numerous operators.

‘ -. ..
i

LTI skl a Fitwearvnl b e ] (SR ATER L i "
AN Aah e
‘ ‘ " e I For example considar the 3
CE: Clrele Equivalent Dlsmeter shapes having same CE
For square shape:
d=qr?

r=1128 or (CE=2257

So we can define the particle in terms of a sphere instead of circle.
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Particle Diameter Size of A Particle

The term “particle diameter” as a quantitative measure of the particle size should be used
with caution. The term "diameter" would be well representative of the spherical parficle, but
“real” powders lend to be more irregular in shape with a distribution of sizes and thus
“dlameter” may be Interpreted differently by numerous operators.
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Equivalence of size means that the “diameter" assigned to an lrregularly shaped particle Is the
same diameter as that of a sphere which behaves identically when both are exposed to that

$IMe Process

So equivalence of size means that the diameter assigned to an irregularly shaped particle is the
same diameter as that of a sphere which behaves identically when both are exposed to the same
process. So that is basically the meaning of equivalence that it is, it should not affect the process
while considering irregular particle or spherical particle, the process in which it is involved it
should not be affected.
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Particle Diameter Size of A Particle

The term “particle diameter” as a quantitative measure of the particle size should be used
with caution. The term "diameter" would be well representative of the spherical parficle, but
“real” powders lend to be more irregular in shape with a distribution of sizes and thus
“dlameter” may be Interpreted differently by numerous operators.
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Equivalence of size means that the “diameter" assigned to an lrregularly shaped particle Is the
same diameter as that of a sphere which behaves identically when both are exposed to that

$aMe Process

Therefore we are trying to equivalent the particle irregular particle to the sphere particle. So that

their behavior in the process should be similar, so here | am having definition of diameters.
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If 1 am considering this is basically the irregular particle and here I am having different diameters
which we have defined based on different property. So these are basically equivalent is sphere
representation of an irregular shape particle. If | consider this particular example here 1 am
having this d, that is sphere of same volume. So its diameter would be, we can say as dv. Now
everywhere you see it is represented as d and subscript with a equivalent property, like here I am
having dy where v is basically a subscript to define the manner in which diameter has been

computed.

So you can see there is only one particle and how many ways we can define the particle

diameter.
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Definitions of Diameters Size of A Particle
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So it particularly depend on for what purpose we are using, what property we are using to equate
the particle with the sphere. So here | am having some of the definition like if | consider surface

diameter.
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Definitions of Diameters Size of A Particle
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If I define surface diameter which is denoted as d that is the diameter of a sphere having same
surface area as the particle. Second we have surface volume diameter that is ds, diameter of a
sphere having same surface to volume ratio as the particle, volume surface diameter that dys it is
slightly different than this. Diameter of sphere having same volume to surface ratio as the

particle and thus is also called sorter diameter.

Another definition we are having is the sieve diameter d, that is diameter of a sphere equivalent
to the size of minimum square aperture through which the particle will pass. Now what is this
square aperture that | will speak in fourth lecture. Now another definition we have the volume

diameter that diameter of a sphere having same volume as the particle.

Along with this you can see here | am having different definitions also, like if we consider this
particular definition it is a sphere of same weight a sphere that d,, it is basically the diameter of a
sphere having same weight as that of particle. And similarly here | am having a sphere of same
minimum length, here we have a sphere of same maximum length. A sphere with the same

sedimentation rate here we have defined the diameter accordingly.



So here you can understand that though we have irregular particle according to the purpose,
according to the application we can define, we can equate this to our sphere in many ways. So till
now we have seen different definitions of particle size, now here | am starting how to measure
the particle size. So this is a fact that the way we measure a particle size is as important as the

value of measured size.

(Refer Slide Time: 19:58)
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Measuring Particle Size

The way that we measure 3 partick size is 35 important as the value of the
measured 526, For example, how would we quantity oursalves it maasured hy;

il

1. Circumference around your waist?

2. Diameter of a sphere of the same volume as your body?
3. Length of your longest chord {height)?

It means that the size which we have measured that is important and along with that it is also
important that on which basis it is measured like what property we have selected to equate this to

the sphere and then we have measured the diameter of this sphere in terms of irregular particle.
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The way that we measure 3 partick size is 35 important as the value of the
measured 526, For example, how would we quantify ourselves if maasured by;

1. Circumference around your waist?
2. Diameter of & sphere of the same volume as your body?
3. Length of your longest chord {height)?

So here I am having another example like how would we quantify ourselves if measured by
circumference around your waist, diameter of a sphere of same volume as your body, length of
your longest chord. Now among this what way we are measuring ourselves is dependent on for
what purpose we want to measure. For example, if |1 want to purchase the belt then definitely

circumference would be the proper characteristic for this.
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Measuring Particle Size

The way that we measure a particle size is s important as the value of the
measured 5126, For gxample, how would we quantity ourselves if measured hy:

1. Circurnference around your waist?
2. Diameter of & sphere of the same volume as your body?
3. Length of your longest chord {height)?

AS you can deduce, the measured values have different meanings and will be
imporiant relative to those meanings.

b

Therefore as you can deduce, the measured value had different meaning and will be important

relative to those meanings.
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Measuring Particle Size

The way that we measure 3 partick size is as important as the value of the
measured 5126, For exampla, how would we quantify ourselves f measured by:

1. Circumference around your waist?
2, Diameter of @ sphere of the same volume as your body?
3. Length of your longest chord (height)?

Ag you can deduce, the measured values have different meanings and will be
imporiant relative to those meanings.

If we are sizing a belt we would be interested in the first size. if we are buying a
sleeping bag then the [ast one must be selected. "

So here we have defined differently if we are sizing the belt we would be interested in first size
that is to measure the circumference, if we are buying a sleeping bag for us the length of the
longest chord that is height would be the measuring parameter. So you can understand measured
size is important and on which basis for what purpose it is measured that is also important. So in

the similar line we have some, we have related argument for the particle also.
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Measuring Particle Size Size of A Particle

An important issue put forth is that determination of & particle Size
should be conducted by a technique such that'the obtained results
represent a property of the powder that Is critical for the powder
application.

An important issue put forth is that determination of a particle size should be conducted by a
technique such that the obtained results represent a property of the powder that is critical for the
powder application. It means for what purpose, again | am speaking like where, when | want to

equate a sphere to a particular property, it depends on for what application we want to do this.
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Measuring Particle Size Size of A Particle

An important issue put forth is (hat determination of & particle size
should be conducted by a technique such that the obtained results
represent a property of the powder that Is critical for the powder
application,

Thus. the equivalent size or equivalent diameter of an irregular particle
are utilized which can be defined as the size of a spherical particle
having the same controlling characteristics as the particle under
consideration.

So thus the equivalent size or equivalent diameter of an irregular particle are utilized which can
be defined as the size of a spherical particle having same controlling characteristic as the particle
under consideration. So here you see we have defined another term that we call controlling
characteristic which previously we have denoted this with the property like volume etc. Here we

have that in terms of controlling characteristic.
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Measuring Particle Size

An imporant issue put forth is that determination of & particle size
should be conducted by a technique such that the obtained results
represent a property of the powder that Is critical for the powder
application,

Thus. the equivalent size or equivalent diameter of an irregular particle
are utilized which can be defined as the size of a spherical particle
having the same controlling characteristics as the particle under
consideration.

Naturally, to apply this definition, we must first specify what this
“controlling characteristic” is?

So naturally to apply this definition we must first specify what is controlling characteristic is. For
example, if | consider the previous slide there we have the measurement of ourselves in different
aspect, so that is according to the controlling characteristic. For example if |1 want to, if my
purpose is to buy a sleeping bag then the height would be the controlling characteristic. So in the
similar line for what purpose we are doing, we have to define the controlling characteristic first.
And that controlling characteristic can be defined as.
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Measuring Particle Size

For example powder used In ohemical reactions should be characterized by
their surface area. The table given below indicates relstionship between
physical phenomenan and related equivalent diameters:

For example powder used in chemical reaction should be characterized by surface area. So in this
case controlling characteristic would be surface area. The table given below indicates
relationship between physical phenomena, and related equivalent diameters. Here 1 am having

some processes in which particles are involved.
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For example powder used In chemical reactions should be characterized by
their surface ared, The table given below indicates relstionship between
physical phenomenan and related equivalent diameters:

Process in which Controlling characteristics | Representative

particle is involved Equivalent
diameter
Cofalysis Surface aed Surface diameder (d,)

Gravilstional Free sating | Mass of parbcie {or foe s given | Volume digmeter (d,|
cunsily | its volume)

Dymamics af gas bubbles | Violume of drap or bubble and | Violume surface

1n 3 hquad orthat of IQuKd | Surtace arca (the Interacial diameter (d,, | or
drops in 3 liquid or gas | fenshon ot the gas-liguid or Sauter Diameter
bauxd hquid interface)

This is the controlling characteristic for this process and here | am having the equivalent
diameter. For example if | consider catalyst, the surface of the catalyst is useful for any reaction
to take place therefore the surface area for catalyst is a controlling characteristic and if | consider
surface area, the surface diameter would be the equivalent diameter which can be defined as the

diameter of a spherical particle having same surface area as the particle.
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Measuring Particle Size

For example powder used In chemical reactions should be characterized by
their surface sred. The table given below indicates relstionship between
physical phenomenan and related equivalent diameters:

Process in which Controlling characteristics | Representative

particle is involved Equivalent
diameter
Cofalysis Surface aed Surface diameder (d,)

Gravilationyl Free setting | Mass of partcie {or for a given | Volume digmeter (d,)
unsily | its volume)

Dymamics af gaz bubbles | Velume of drap or bubble and | Vislume surface

In 3 bquad orthat of Iiquid | Surface arca (the intaracial diameter (d,, | or
aropsin 3 liquid or gas | fension o the gas-liguid or Sauter Diameter
Iquid iquid interface)

Another process we have is the gravitational free settling in which mass of a particle is important
mass of the particle is controlling characteristic or for a given density its volume. So in this case
volume diameter we have defined as the equivalent diameter, third process is dynamics of gas
bubbles in a liquid or that of liquid drops in a liquid or gases. So volume of drop or bubble and

surface area why we have defined surface area?

The interfacial tension at gas liquid or liquid, liquid interface involves surface area as a
characteristic. So if | am having the dynamics of gas bubble volume along with surface area
would be the controlling characteristic. So in that case we have defined volume surface diameter

as the equivalent diameter which we also call as sorter diameter.
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Measuring Particle Size

For example powder used In chemical reactions should be characterized by
their surface ared, The table given below indicates relstionship between
physical phenomenan and related equivalent diameters:

Process in which Controlling characteristics | Repregentative

particle is involved Equivalent
diameter
Cotalysis Surface e Surface diameder (d,|

Gravilstional Free sating | Mass of parbcie {or foe s given | Volume digmeter (d,|
cunsily | its volume)

Dymamics af gas bubbles | Violume of drap or bubble and | Violume surface

1n 3 hquad orthat of IQuKd | Surtace arca (the Interacial diameter (d,, | or
drops in 3 liquid or gas | fenshon ot the gas-liguid or Sauter Diameter
bauxd hquid interface)

Now we are going to discuss all these processes and their equivalent diameter in detail in the

subsequent slides.
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Measuring Particle Size

For catalyst particles, the surface area Is the most controlling parameter.
Therefore, for defining the size of 3 catalyst particle we can use the surface
diameter {d | which will thus be defined as the digmeter of a spherical particle
having the same surface area 34 the particle. If S, is the surface area of particle,
then

The first one is for catalyst particle, if we are considering the surface area is most controlling
parameter. Therefore for defining the size of catalyst we can use the surface diameter which will

thus be defined as the diameter of a spherical particle having same surface area as the particle.
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Measuring Particle Size Size of A Particle

Far catalyst paricles, the surface area is the most controlling paramefer.
Therefore, for defining Lhe sios of & Catalysl panichke we can use the surface
diameter {d,| which will thus be defined 35 the dismeter of o spherical partich:
having the same surface area as the particle. It S, 1 the surface area af particle,
then

Samdf  dES/n"

If Sp is the surface area of the particle then we can equate this to nds? where nds? is the surface
area of a sphere. So when we equate this and when we calculate the diameter of this, this will be

called surface diameter equivalent to the surface area of the particle.
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Measuring Particle Size Size of A Particle

For catalyst particles, the surface area Is the most controlling parameter.
Therefore, for defining the size of 4 catalyst particle we can use (he surface
diameter {d,] which will thus be defined as the dismeter of 8 spherical particle
having the same surface area 84 the particle. If S, is the surface ares of particle,
then

Sy 4F(8/0

The gravitational free settling velocity of a particle in a liquid is very much
controlied by the mass of the particle {or, for a given density, s voluma), We
can therefore define the particle sze for such a case hy the volumetric dlameter
[d,} which 15 once again defined as the diameter of a spherical particle having
the same volume as the particke under conslderation. Thus, IV, Is the volume of
the particle,

In the similar line another example is if gravitational free settling velocity that we also call
terminal settling velocity of a particle in a liquid is very much controlled by the mass of particle.
Now why | am saying this mass of the particle, if | consider the particle having more mass
definitely it will fall through gravitation in short time in comparison to the lighter mass. So mass

is the controlling characteristic in this or for a given density its volume.

So we can therefore define the particle size of such a case by volumetric diameter that is d,
which is once again defined as the diameter of a spherical particle having same volume as the
particle under consideration. Therefore if V, is the volume of particle then we can equate this
nd.*/6 that would be nothing but the volume of a sphere we have equated this to the volume of
particle and from this expression we can calculate d, that is nothing but the volume diameter and

it will be equal to 6V,/x'"°,
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Measuring Particle Size

The dynarves of gis bubtiles « @ liquid ar fhit of liquid drops in 2 liguid ar gas depead
not Ol‘l‘,' on tha bubkia ar rlr._'.-;,! wolume but aise oa ths atsrtacial kansion atthe ﬂr“-.f-r“f]l.ld
or llung-liquid Inferase. Thus, bath the voume as '‘well as the surace amea of the bubble
or drop & contralling paramsters hem. In such casas. Sauter chameter i, ) Is used 1o
dgtine the oubole sze, which 15 Dased on volume-surtaca dameter. | hig 15 accardingly
tlefinad as the diameter of @ sphencal panicle having the same sgecific surece (ger unt
volume) s the paricle [bubtle of drop) uader consideration. Thus,

So accordingly we can define the equivalent diameter in different conditions, another condition |
am having is the dynamics of gas bubbles in a liquid or that of liquid drops in a liquid or gas
dependent not only on the bubble or drop volume but also on the interfacial tension at the gas

liquid and liquid, liquid surface.

So if we are considering the dynamics of gas bubble the surface area along with the volume
would be the characteristic. So in this case we have defined sorter diameter and we have denoted

this with dys it is defined as the bubble size which is based on volume surface diameter.
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The dynarves of gis bubtiles « @ liquid ar fhit of liquid drops in 2 liguid ar gas depead
not arly on 1he bubbla ar drog valume but aiss 02 1hs atsrtacial kansion at the gas-iquid
or llung-liquid Inferase. Thus, bath the voume as '‘well as the surace amea of the bubble
or drop am contralling paramsters hem. In such casas. Sauter chamedar -:d.,'l 15 Used 10
detine the oubole size, which 1 based on volume-surtaca damedar. | Mg 18 accerdnaly
dleflhed as tha dlameter of 3 sphencal parkle having the same soacific surece (ger unt
valume) as the paricle bubtle of drop) vader consideraion. Thus,

This is accordingly defined as the diameter of a spherical particle having same specific surface, a
specific surface means surface area per unit volume as the particle under consideration. So if |
am having this S, that is specific surface which is the surface area per unit volume of the particle.
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Measuring Particle Size
The dynieies of gas subbiles o @ liquid ar fhid of liquid drops in @ liguid or gas depend
nat orly on thi bubbe ar drog valume but aiss on ths atsrtacial lansion at the gas-qud
of ligtng-liquid interace. Thus, bath the volume as well as the surace anea of the bubble
or drop ara controlling paramaters hens. In such casss. Sauter chameter (d, ) 15 Used 10
dlgtina the oubdle size, which 15 based on volume-surtace dameter [hig 18 accardingly
tlefined as tha diameter of a sphedcal parkle having the same sgecific surece (per unt
walume) as the paricle bubale or drop) uder consideration. Thus,

X
xd, _ i Whera 5, (5 the spaciic surtace [surtace

A G \
Py Zd,,-'(’ d“ arealvolume ratio) of the particla

So here we have this surface area of a spherical particle and here we have the volume of the
sphere particle. So when we resolve it, it would be equal to 6/dys. So the sorter diameter or ds or
volume surface diameter is defined as 6/S,. Therefore once the controlling characteristic is

specified we can define the size of any irregular particle using above methodology.

So till now we have discussed the importance of size and the different measurement techniques,
different definition of size how we can equate this to the spherical particle. So here we have
discussed the size of particle it's a different ways to measure the particle size and for time being |

am stopping over here and | will continue this lecture in next section, thank you.
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