Rheology:

e Rheology: Describes the flow of liquids and the
deformation of solids.
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e Viscosity: Resistance of a fluid to flow; the higher the
viscosity, the greater the resistance.
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So increase viscosity, increase resistance, decrease flow of
liquids.

The importance of rheology in pharmacy:

e Itis appliedin the formulation and analysis of emulsions,
pastes, suppositories, and tablet coatings. Manufactures
of medicinal and cosmetic creams, pastes and lotions
must be capable of producing products with acceptable
consistency and smoothness and reproducing these
qualities.
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e Itisinvolved in the mixing and flow of materials, their
packaging into containers, and their removal prior to use.
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e The rheology of a particular product can affect its patient
acceptability, physical stability and even biologic
availability (viscosity affects absorption rates from GIT).
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e Rheologic properties of a pharmaceutical system can
affect the selection of processing equipment used in its
manufacture.
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. Materials are classified depending on whether or not
their flow properties are in accord with Newton’s law
of flow into

O

(@]

Newtonian
Non-Newtonian systems.
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e Newtonian system:
e Newton’s Law of Flow
Consider a “block” of liquid consisting of parallel
molecules. If the bottom layer is fixed in place and the top
plane of liquid is moved at a constant velocity, each lower
layer will move with a velocity directly proportional to its
distance from the stationary bottom layer.

Fig. 20-1. Representation of the shearing force required to produce
a definite velocity gradient between the parallel planes of a block of
material.
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e The difference in velocity, dv, between two planes of
liquid separated by an infinitesimal distance dr is the
velocity gradient or the rate of shear, dv/dr
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e The force per unit area, F'/A, required to bring about
flow is called the shearing stress (F).
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e Newton recognized that the higher the viscosity of a
liquid, the greater is the force per unit area (shearing
stress) required to produce a certain rate of shear
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e Rate of shear (G) should be directly proportional to

shearing stress (F), or

F’ dv

A dr
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e Rheogram: Flow curve obtained by plotting F
versus G for a given system.
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e For Newtonian liquid a straight line passing through
the origin is obtained. Viscosity is constant for
Newtonian regardless shearing stress.

Rate of shear

Shearing stress

(a) Newtonian flow
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e The unit of viscosity is the poise: The shearing force
required to produce a velocity of 1 cm/sec between two
parallel plates of liquid each 1 cm2 in area and
separated by a distance of 1 cm.
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The cgs units for poise are dyne sec cm-2 or g cm-1 sec-1.
Centipoise (cp) = 0.01 poise.
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Kinematic viscosity: The absolute viscosity divided by the
density of A liquid at a specific temperature.
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e The unit of kinematic viscosity are th stoke (s) or
Centistoke.(cs)
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» Viscosity increasing agents are described in U.
S. Pharmacopeia.

TABLE 20-1
ABSOLUTE VISCOSITY OF SOME NEWTONIAN LIQUIDS
AT 20°C

Viscosity
Liquid (cp)

Castor oil 1000
Chloroform 0.563
Ethyl alcohol 1.19
Glycerin, 93% 400
Olive o1l 100
Water 1.0019
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Example 20-1: An Ostwald viscometer was used to
measure acetone, which was found to have a viscosity of
0.313 cp at 25°C. Its density at 25°C is 0.788 g/cm3. What
IS the kinematic viscosity of acetone at 25 °C? Water is
used ordinarily as a standard for viscosity of liquids. Its
viscosity at 25°C is 0.8904 cp. What is the viscosity of
acetone relative to that of water at 25°C?
¢ Kinematic viscosity = 0.313 cp/0.788
g/cm3=0.397 poise/(g/cm).
e Relative viscosity= 0.313 ¢p/0.8904 cp= 0.352
(dimensionless).
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Temperature Dependence and the Theory of -
Viscosity

*» Viscosity of a gas increases with temperature
whereas the viscosity of a liquid decreases as
the temperature is raised, and the fluidity of the
liquid increases.

n = AeEv/RT
E,
Inmp = nA + RT
Where A is a constant depending on the
molecular weight and the molar volume of a
liquid. £ is an activation energy required to
initiate flow between molecules.
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Ev :activation energy ( energy required to initiate flow between
molecules.
A : constant

R : gas constant =1.987cal-K'-mol™
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e The activation energy for flow has been found to be one
third that of the energy of vaporization.
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e The energy of vaporization of a liquid is the energy
required to remove a molecule from the liquid, leaving a
“hole” behind equal 1n size to that of the molecule that has
been departed. A hole must also be available in a liquid if
one molecule wants to flow past another.
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e |t can be concluded that the free space needed for flow is
about one-third the volume of a molecule. This presumably
because a molecule in flow can back, turn, and maneuver in
a space smaller than its actual size
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e More energy is required to break bonds and permit flow in
liquids composed of molecules that are associated through
hydrogen bonds. These bonds are broken at higher
temperatures by thermal movement
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Example 20-2: Use the viscosity versus
temperature data for glycerin (Table 20-2) to
obtain the constant A and E,. What is the
value of r?, the square of the correlation
coefficient?

Lnh n =-23.4706 +9012 (1/T)

Slope = 9012=Ev/R

Ev=9012 x 1.987=17,909 cal/mole.
Intercept = -23.4706=In A

A =6.40985 x 10!, R2 = 0.997.



GLYCERIN AT SEVERAL TEMPERATURES®
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Non-Newtonian Systems
Non-Newtonian: The majority of fluid pharmaceutical
products are not simple liquids and do not follow
Newton’s law.
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. This behavior is exhibited by liquid and solid
heterogeneous dispersions such as colloidal solutions,
emulsions, liquid suspensions, an ointments.

Le)sl YA bk

. Three classes of flow are recognized:
- Plastic
- Pseudoplastic



- Dilatant.

Plastic Flow

- Materials that exhibit plastic flow are known as
Bingham bodies.

- Plastic flow curves do not pass through the origin, but
rather intersect the shearing stress axis (or will if the
straight part of the curve is extrapolated to the axis) at a
particular point referred to as the yield value
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Rate of shear

Shearing stress

(b) Simple plastic flow

~ A Bingham body does notfegin to flow until a shearing
stress corresponding to the yield value is exceeded. At
stresses below the yield value, the substance acts as an
elastic material.

« The rheologist classifies Bingham bodies, that is, those
substances that exhibit a yield value as solids, whereas
substances that begin to flow at the smallest shearing
stress and show no yield value are defined as liquids.

- The slope of the rheogram is termed the mobility and its
reciprocal is known as the plastic viscosity.

e g
U=—7F
G
« fis the yield value, or intercept, on the shear stress axis

in dynes/cm?, and F and G are previously defined.
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. Plastic flow is associated with the presence of
flocculated particles in concentrated suspensions. As
a result, a continuous structure is set up throughout
the system.

flocus Js& Je G yil g Glalea Ue (66 0 plastic d) e Jéa

. Avyield value exists because of contacts between
adjacent particles (brought about by van der Waals
forces), which must be broken down before flow can
occur.
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. Avyield value is an indication of the force of
flocculation: The more flocculated the suspension, the
higher will be the yield value.
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. Frictional forces between moving particles can also
contribute to the yield value.
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. Once, the yield value has been exceeded, any further
increase in shearing stress brings about a directly
proportional increase in G, rate of shear. In effect, a
plastic system resembles a Newtonian system at
shear stresses above the yield value
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Example 20-3: A plastic material was found To have a
yield value of 5200 dynes/cm2. A Shearing stress above the
yield value, F was Found to increase linearly with G. If the
rate Of shear was 150 sec-1 when F was 8000 Dynes/cm2,
calculate U, the plastic viscosity Of the sample.

U = (8000-5200)/150=18.67 poise ol Lle il ki



