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Unit-2

Physical Pharmaceutics- 11

B.Pharma 4% Sem Notes

UNIT- 2

e Rheology: Newtonian systems, law of flow, kinematic viscosity, effect of
temperature, non-Newtonian systems, pseudoplastic, dilatant, plastic, thixotropy,
thixotropy in formulation, determination of viscosity, capillary, falling Sphere,
rotational viscometers

Deformation of solids: Plastic and elastic deformation, Heckel equation, Stress,
Strain, Elastic Modulus
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Rheology: Newtonian systems, law of flow, kinematic viscosity, effect of temperature,
non-Newtonian systems, pseudoplastic, dilatant, plastic, thixotropy, thixotropy in
formulation, determination of viscosity, capillary, falling Sphere, rotational viscometers

Rheology:

2

e The word Rheology is derived from greek word “rheo” means “To Flow” and “logos’
mean “science”.
Rheology is a branch of physics, and it is the science that deals with the deformation
and flow of materials, both solids and liquids.
Viscosity is an expression of the resistance of a fluid to flow: the higher the viscosity,
the greater is the resistance.

Importance of Rheology in Pharmacy:

Formulation of emulsions, suspensions, suppositories, and tablet coating.
Formulation of medicinal and cosmetic creams, pastes and lotions.
Fluidity of solutions for injection.

In mixing and flow of materials, their packaging into the containers,
Extrusion of a paste from a tube.

Passage of the liquid to a syringe needle

Classification of Rheological Fluids:

Types of flow

Newotian Non-newotian

Plastic Pesudoplastic

Dilant

Newtonian systems:

e Newton was the first to study now properties of liquids in a quantitative way.
Newton’s Law of Flow states that the shear stress between adjacent fluid layers is
proportional to the velocity gradient between two layers or shear rate.

The shear stress is directly proportional to the rate of shear strain.

F dv
“_
dr

dv
F:T]E
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Where,

e = Shear stress

. 2 Shear Stain
dr

e 1 = coefficient of viscosity

The Rate of Shear is defined as change in velocity (dv) between two planes of liquid which is
separated by distance (dr).

Shear strain = dv/dr

Shear stress (F) is the ratio of shear force to cross selectional area (F/A) required to bring the
flow.

Viscosity or dynamin viscosity (1) is defined as resistance provided to a layer of liquids when
it moves over another layer of liquid.

Fluid ﬂowlng

Fixed surface

Fixed surface over which the fluid is flowing.

The distance between two layer is denoted by r.

The layer of liquid which is in contact with fixed surface, they have zero velocity.
Dynamic viscosity is shear stress divided by shear rate.

F dv

A~ ar
Where,

n is the coefficient of viscosity
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Kinematic viscosity:

e The kinematic viscosity is defined as the absolute viscosity of a liquid divided by its
density at the same temperature.

Kinematic Viscosity(v) = g

Where,

V = Kinetic viscosity
n = Viscosity of fluid
p = density of fluid

It is a measure of the restive flow of the fluid under influence gravity.

Effect of the temperature:

e Viscosity is highly dependent on temperature. Apart from the shear rate, temperature
strongly influences a fluid’s viscosity.
A substance’s viscosity decreases with increasing temperature. As temperature is
raised, the (the reciprocal of viscosity) increases with temperature.
This inversely proportional relation applies Any change in temperature always
influences viscosity, but for different fluids, of this influence varies. Even a 1 K (1
°C) temperature increase can raise the viscosity.

In Liquids Case:
Liquids: For most liquids, kinematic viscosity decreases with increasing temperature.
This is because as the temperature rises, the liquid molecules gain more thermal energy.

This increased energy allows them to move more freely and overcome the intermolecular
forces that resist their flow. Honey is a common example - it pours much slower when cold
compared to when warmed.

In Gas Case:

Gases: In contrast to liquids, the kinematic viscosity of most gases increases with increasing
temperature.

This is because higher temperatures cause gas molecules to move faster and collide more
frequently.

These increased collisions create more resistance to flow, resulting in higher viscosity.
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Temperature Dependence and the Theory of Viscosity-

e Whereas the viscosity of a gas increases with temperature, that of a liquid decreases
as temperature is raised, and the fluidity of a liquid (the reciprocal of viscosity)
increases with temperature.

e The dependence of the viscosity of a liquid on temperature is expressed
approximately for many substances by an equation analogous to the Arrhenius
equation of chemical kinetics:

1] = AeE.RT
Where,

e I] = Viscosity

e A =Constant depend upon mol. Weight and molar volume

e E = Activation energy required to initiate flow between molecules.
e T = Temperature

e k =Boltzmann’s Constant

Non-Newtonian systems:

e Non-Newtonian bodies are those substances, which fail to follow Newton's law i.e.
liquid & solid, heterogeneous dispersions.
Non-newtonian fluids The fluid which do not obey Newton Law’s they are termed as
Non-Newtonian Fluids.
In which shear stress and rate of shear is not constant.
Viscosity is not constant.

Example: Colloidal solutions, emulsions, liquid suspensions and ointments.

Types of Non-Newtonian System:

e Plastic Flow
e Pseudo Plastic
e Dilatant

1. Plastic Flow:

e They are defined as substances that exhibit a yield value as the point at which plas-tic
flow curve intersects shearing stress axis.
The materials that exhibit plastic flow such material are known as Bingham bodies.
In this flow when we apply shear stress initially there are no charge in shear strain
(rate of shear) until shear stress reaches yield value.
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e A bingham body does not begin to flow unit a shearing stress corresponding to the
yield value is exceeded.
At stresses below the yield value the substance acts as an elastic material.
The slope of the rheogram is termed the mobility, analogous to fluidity in Newtonian
systems, and its reciprocal is known as the plastic viscosity.

FI Fb Fh
Shearing Stress

The curve does not pass through origin but at same paint an shear stress axis Bingham yield

e Fyis high yield value beyond which flow curve become linear.
e Flislower yield volue where actual flow begins.
e The plastic viscosity (V) can be calculated from equation:-

_E-)
M_

G
Where,

e 1 = Viscosity

e F = Shearing stress
e f=Yield Value

e G =Rate of Shear

Eg: Flocculated system suspension of zinc oxide in mineral oil etc.

2. Pseudoplastic Flow:

e Pseudoplastic flow, also known as shear-thinning flow, is a type of non-Newtonian
fluid where viscosity decreases as shear rate increases.
In other words, pseudoplastic fluids become less resistant to flow as the rate of
stirring increases.
Pseudoplastic materials are characterized by rheological curve which pass through the
origin.
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rate of shear

Shearing Stress

Pseudoplastic flow curve is hot linear.

The shear stress F does not 1 linearly with the rate of shear.
Visocity does not remains constant.

Viscosity |es with rate of shear.

Eg: Solution of Tragacanth, Gums and CMS.

3. Dilatant Flow:

e Dilatancy is a phenomena in which viscosity increase when we increase shear stress.
e The material returns to a rate of fluiding when the shear is removed.

Dilatancy

Shear Rate :>

Eg: Starch powder in water
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Thixotropy:

e Thixotropy is a time-dependent property of some fluids and gels that become thinner
when a constant force is applied and regain their viscosity when the force is reduced.
The term comes from the Greek words thixis (shaking or mixing) and trepo (Change).
This property exhibit by same non-newtonian pseudo plastic fluids. Because these
fluids slow change in viscosity when we apply shear on it.

It is shear thinning system, when agitated and kept aside it is expected to return its
original state of fluidity.

Shear strass

THIXOTROPY

On standing

Eg: Polymer (HPMC, CMS) in Water (gel) etc.

Thixotropy in formulation:

e A well formulated thixotropic suspension will not easily settle in the container and it
will become fluid by shaking and easy to dispense.

e Thixotropy is an important property in liquid pharmaceutical system.

o The greater the thixotropy the higher is the physical stability.

e Rest: During storage suspension become gel and more stable.

Thixotropic properties Eg:

e Creams, Ointments pouring of lotions from containers etc.

Measurements of Thixotropy:

e The most apparent characteristic of a thixotropic system.
a. Bulges:

e A careful study of different thixotropic materials may provide a number of complex
rheograms.
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Eg: Bentonite gel (Magma) 10-15% w/v.

Shearing stress, F
b. Spures:

e A sharp point of structural breakdown at low shear rate in up curve called spur value.
e Ex: Procaine penicillin gel Carboxymethyl cellulose solution.

Rate of shear, G

Y

Shearing stress, F

Negative Thixotropy:

Negative thixotropy, also known as antithixotropy.

Rheopexy is phenomena in which a solution forms a gel more readily when shaken or
sheared than when allow to form the gel while the material is kept at rest. e.g.
Magnesia magma, Clay suspension

Represents an increase rather than a decrease in consistency on the down curve. This
increase in thickness or resistance to flow with increased time of shear.
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e [t was detected at shear rates of greater than 30 1/sec Below 30 1/see the magma
showed normal thixotropy.
It was observed that when magnesia magma was alternately sheared at increasing and
then decreasing rates of shear, the magma continuously thickened (an increase in
shearing stress per unit shear rate) but at a decreasing rate, and it finally reached an
equilibrium state in which further cycles of increasing-decreasing shear rates no
longer increased the consistency of the material.

Rate of shear, (sec™ ')

50 100 150 200 250 300 350
Shearing stress (dynes/cm?)

Rheogram of magnesia magma showing antithixotropic behavior.
The material is sheared at repeated increasing and then decreasing rates of shear. At

stage D, further cycling no longer increased the consistency, and the upcurves and
downcurves coin- cided.
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Determination of viscosity:

1. Capillary Viscometer:
2. Falling Sphere Viscometer:
3. Rotational Viscometer:

Viscosity:

e Viscosity is a measure of a substance's resistance to motion when a force is applied.
The formula for measuring viscosity is viscosity = shear stress / shear rate.

Viscometer:
e A viscometer is an instrument used to measure the viscosity of a fluid.

Classification of Viscometers:

1. Capillary Viscometer:
2. Falling Sphere Viscometer:
3. Rotational viscometers Viscometer:

1. Capillary Viscometer:

e A capillary viscometer is a laboratory instrument used to measure the viscosity of a
fluid. It is a relatively simple and inexpensive device, making it a popular choice for
routine viscosity measurements.

Principle:

e Capillary viscometers measure the flow rate of a fixed volume of fluid through a
small orifice at a controlled temperature.

e The viscosity is determined from the measured flow rate, applied pressure, and tube
dimensions.

Types of Capillary Viscometers:
There are two main types of capillary viscometers:

1. Ostwald viscometer
2. Ubbelohde viscometer:

Ostwald Viscometer:
e The Ostwald viscometer is a contraption that is used to determine the viscosity of
liquid substances and relies on the principle of capillary flow.
The principle that this instrument uses in determining the viscosity of a fluid is
laminar flow through a capillary tube.
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Working Principle
e The capillary used in this case is so designed that the fluid whose viscosity is to be
measured drains through it under influence of gravity.
The measurement of the time needed for a given quantity of the fluid to pass through
the capillary, enables us to know the viscosity.
The efflux time represents the time flowing from one end of the tube to the other and
is directly proportional to the viscosity of the fluid.

Suck Pour
here T l liquid
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i
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tube

Derivations:
If n1 and n2 are the viscosity of the unknown and the standard liquid. P1 and P2 are the
densities of the liquids and t1 and t2 are the respective flow times in seconds the absolute
viscosity of the unknown liquid n1 is determined by substituting the experimental values in
the equation.
The value n1 and n2 =1 rel is known as the relative viscosity of the liquid under test
nl P1tl
n2 P2t2
Where,
n1 = Viscosity of test liquid
N2 = viscosity of standard Liquid
P1 = Density of test Liquid
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t1 = time taken by test liquid
P2 = Density of the standard liquid
t2 = Time taken by standard liquid

On rearranging;

Put the value and get the viscosity.

2. Falling Sphere Viscometer:

e A falling sphere viscometer, also known as a falling ball viscometer or falling
cylinder viscometer, is a device used to measure the viscosity of fluids, particularly
liquids.

It is called as Hoeppler falling sphere viscometer.

hgud

- falling ball

Method:
e Viscometer consists of a cylindrical glass tube filled by the liquid under investigation.
e The tube is enclosed by constant temperature jacket in which water is circulated
around the tube.
A glass or steel ball is allowed to fall down.
The falling time is recorded.
The viscosity of a Newtonian liquid is then calculated from

n=t(Sp—Sr)B

Where,

t = Time taken by ball to fall down (in second)
n = Viscosity of test liquid

Sw = Specific gravity of ball

St = Specific gravity of fluid

B = Constant (For particular ball)
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Application:
Quality Control:
o Falling sphere viscometers are used in various industries, including pharmaceuticals,
paints, and food processing, for quality control and ensuring product consistency.
Research:
e They are valuable tools in research laboratories for studying the rheological properties
of fluids, particularly for non-Newtonian fluids.

Advantage
e Viscosity is one of the most important process properties and critical parameters.
e Viscosity measurement helps to find out fluid characteristics, its behavior when in
motion. It helps to size a pump, orifice meter, or pipeline.

Disadvantages:

Requires a larger sample volume than capillary viscometers.

More susceptible to errors due to non-uniformity of the ball or tube.
Assumes laminar flow, which might not be valid for highly viscous fluids.
Limited accuracy compared to some modern viscometers.

Rotational viscometers:

e Rotational viscometers can be used for the accurate measurement of viscosity for both
Newtonian and Non-Newtonian fluids.

Types of Rotational viscometers:

e Cup and Bob Viscometer
e Cone and Plate Viscometer

Cup and Bob Viscometer:

Principle:

o The sample is placed in the cup and the bob is placed in the cup upto the appropriate
height.
The sample is accommodated between the gap of cup and bob.
Now either the cup or bob is made to rotate and the tarque resulting from the viscous
drug is measured by a spring or sersor is the drive of the bob.
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The following equation is used to calculate the apparent viscosity of a pseudoplastic system.
n = Kv %
Where,

n = Viscosity of a liquid

Kv = Constant for the instrument

W = Weight as shear stress

v = rpm value is considered as shear rate
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Deformation of solids: Plastic and elastic deformation, Heckel equation, Stress, Strain,
Elastic Modulus

Deformation of solids:

Deformation is the change in size, shape, or orientation of a solid object caused by applied
forces. It occurs when the forces acting on a solid object disrupt the arrangement of its atoms
and molecules.

Types of Deformation:
1. Elastic Deformation:

e This is when the object regains its original shape after the applied forces are removed.
Imagine bending a spring it regains its shape once you let go.
The internal atomic bonds store energy during deformation and release it upon
removal of the force, causing the object to snap back.

2. Plastic Deformation (Permanent):

e This is when the object retains its deformed shape even after the forces are removed.
Bending a paperclip beyond its elastic limit is an example.
e In this case, the internal bonds between atoms are permanently stretched or broken.

Factors Influencing Deformation:

e Material Properties: Each material has unique mechanical properties that influence its
deformation behavior, including elastic modulus, yield strength, ductility, and
hardness.

Temperature: Deformation mechanisms can be strongly affected by temperature. For
example, some materials become more ductile at higher temperatures, while others
may exhibit brittle behavior.

Strain Rate: The rate at which stress is applied or removed can affect the deformation
behavior. High strain rates often result in increased strength and reduced ductility,
while lower strain rates can lead to more ductile deformation.

Microstructure: The arrangement of atoms, grains, and defects within a material
significantly influences its deformation behavior. Grain boundaries, dislocations, and
other microstructural features can hinder or facilitate deformation processes.

Heckel equation:

e The Heckel equation is one of the most useful equations for describing the
compaction properties of pharmaceutical powders.
Heckel measured that decline in the voids follows the first order kinetics connection
with applied pressure.
The heckle equation is expressed as
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Where,

D = Relative density of a Powder
P = applied pressure.

K = Constant

A = Constant

Stress:

e Stress is a measure of the internal forces acting within a material per unit area. It is
defined as the force applied to a material divided by the cross-sectional area over
which the force is applied.

e Stress (o) is expressed as:

Where:

e o is the stress (measured in units of force per unit area, such as Pascals or N/m?).

o F'is the applied force (measured in units of force, such as Newtons).

e A is the cross-sectional area over which the force is applied (measured in units of area,
such as square meters).

Strain:

e Strain is a measure of the deformation or change in shape of a material relative to its
original size or shape.

e It quantifies how much a material stretches or compresses under the influence of
stress.

Where,
e ¢1is the strain (dimensionless).
e AL is the change in length of the material caused by deformation.

o L isthe original length of the material before deformation.
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Elastic Modulus:

Elastic modulus, also known as Young's modulus or modulus of elasticity, is a measure of the
stiffness of a material. It quantifies the relationship between stress and strain within the
elastic limit of the material.

o
E=—
£
e [71is the elastic modulus

e 0 is the stress applied to the material.

e ¢ 1is the resulting strain in the material.
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