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INTRODUCTION

· rheo ïto flow

· logos ïscience

·Rheologyis thestudyof the flow anddeformationof matterunder

stress.
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DEFINITION OFRHEOLOGY
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ò Rheology is the science/physicsthat concernswith the flow of

liquidsandthedeformationof solids.

ò Study of flow propertiesof liquids is important for pharmacist

working in the manufactureof severaldosageforms, viz., simple

liquids,gels,ointments,creams,andpastes.

ò These systems change their flow behavior when exposed to

different stressconditions.
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IMPORTANCE & FUNDAMENTALS

· Formulation of medicinal and cosmetic creams, pastes andlotions.

· Formulation of emulsions, suspensions, suppositories, and tablet  

coating.

· Fluidity of solutions forinjection.

· In mixing and flow of materials, their packaging into thecontainers,

their removal prior to use, the pouring from thebottle.

· Extrusion of a paste from a tube.

· Passage of the liquid to a syringeneedle.

· Influence the choice of processing equipments in thepharmaceutical

system. 5
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Å Canaffect thepatientôsacceptabilityof the product,physicalstability,

biologic availability, absorptionrate of drugs in the gastrointestinal

tract.

6

Å Manufacturing of dosageforms: Materialsundergoprocesssuchas

mixing, flowing through pipes, filling into the containersetc. Flow

relatedchangesinfluencetheselectionof mixingequipment.

Å Handling of drugs for administration: The syringibility of the

medicines,the pouring of the liquids from containers,extrusionof

ointment from tubes,all dependon the changesin flow behaviorof

dosageforms.
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NEWTONS LAW

òAccording to NEWTONS LAW higher the  
viscosity of a liquid, the greater is the force per  
unit area (shearing stress F) required to producea  
certain rate of shear(G).

ò rateof shearŬshearingstress

ò F= G
Where  

CҐ CΩκA

G= dv/ dr

Ґviscosity
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TYPES OFFLOW
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NEWTONIAN FLOW:

9

ðA Newtonian fluid (named for Isaac Newton) is a fluid whosestress

versus rate of shearcurve is linear and passes through the origin. The

constant of proportionality is known as theviscosity.

ðExamples:

V Water,

V chloroform,

V Castoroil,

V ethyl Alcoholetc.
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VI SCOSITY
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òIt is defined as resistance to theflow.

ò  is the coefficient of viscosity. And iscalculated  

as

=F/G

Where F= Shearingstress

G= Rate ofshear

o Unit of viscosity is Poise ordyne.sec/cm2.
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NON NEWTONIAN FLOW
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Å A non newtonianflow is defined as one for which the relation

betweenF andS is not linear.

Å In otherwordswhentheshearrateis varied,theshearstressis not

variedin thesameproportion. Theviscosityof sucha systemthus

variesastheshearingstressvaries.

Å It can be seenin liquids and in solid heterogeneousdispersions

suchasemulsions,suspensions,colloidsandointments.
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NON NEWTONIAN SYSTEMS
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Threeclasses:

ÇPLASTIC FLOW

ÇPSEUDOPLASTICFLOW

ÇDILATENT FLOW
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PLASTIC FLOW :

13

origin, the substance behavesÅ In which curve does not passthrough the

initially

Å Elastic body and it fails to flow when less amount of stress isapplied.

Å As increase the stress, leadsto non-linear increase in shear rate but after that

curve islinear.

Å The  linear  portionextrapolatedintersects the x axis at the point called as  

yield value

So, plastic flow showsNewtonianflow above the yield value.
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ÅThe curve represents plastic flow, such materials are called as Bingham  

bodies.

14

shearing stress is correspondingtoÅBingham bodies does not flow until the

yield Valueexceeded.

ÅSo, yield value is importantpropertyof certaindispersions.

ÅThe reciprocal of mobility is Plasticviscosity

üEXAMPLES: ZnO in mineral oil, certain pastes , paints andointments.
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Plastic flow explainedby flocculated particles in  

concentratedsuspensions,ointments, pastes andgels.

Flocculated  

Particles

Individual  

particles

Yield value
Increase

stress
Flow

F/A
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PLASTICFLOW

Shearing
stress, F

Rate of shear,
G Yield value

The curve for the plastic flow is as fallows.

Slope =  

mobility
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The equation describing plastic flow is,

Where,

f = Yield value

F = Shearingstress  

G = Rate ofshear

U = F ðf / G
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PSEUDO PLASTIC FLOW

18

ManyPôceuticalproductsliquid dispersionof naturalandsynthetic

gums shows pseudo plasticflow.

eg. 1. Tragacanth in water

2. Sod. Alginate inwater

3. Methyl cellulose inwater

4. Sodium CMC inwater
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ÅWith increasein the shearingstressthe disarrangedmolecules

orient themselvesin the direction of flow, thus reducingfriction

andallowsagreaterrateof shearat eachshearingstress.

Å Some of the solvent associatedwill be releasedresulting in

decreasedviscosity.

Å This type of flow behavior is also called as shear thinning

system.
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Graph for pseudo plastic flow is like this

Rate of shear,

G

Shearing  

stress, F

ü In which curve is passing from origin (Zero shear stress), so noyield
value isObtained.

ü As shear stress increases, shear rate increases but not  

linear.
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Stress

Polymer longchain

with watermolecules

ü In storage condition, arrangerandomlyin dispersion.

ü Pseudo plastic flow can be explained by Longchain  

molecules ofpolymer.

Polymer & watermolecules

align on direction offorce

Water
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ü On applying F/A, shearing stress molecules ( water &

polymer) arrange long axis in the direction of forceapplied.

ü This stressreduces internal resistance & solvent molecules  

released form polymermolecules.

ü Then reduce the concentrationand size of molecules with

decrease inviscosity.

22
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The exponential equation shows thisflow

N = no. of givenexponent

ɖ = Viscositycoefficient

ü In case of pseudo plastic flow, N > 1.

i.e. More N >1, the greaterpseudoplastic flow of material.

ü If N = 1, the flow is Newtonian.

FN = ȆG

23
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Taking Log on both sides,

i .e.
N log F = log Ȇ + log G

On rearrangement, we get

log G = N log F - log Ȇ

This equation gives straight line,

24
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DILATANT FLOW

25

÷ Certain suspensionswith high % of dispersedsolids shows an

increasein resistanceto flow with increasingratesof shear, such

systemincreasein volume when sheared, such systemcalled as

dilatantflow.

÷ Also, called as ñShear thickening systemòi.e. when stress is

removed,dilatantsystemreturnto its original position
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Graph for dilatant flow is like this

× In which curve is passing from origin (Zero shear stress), so noyield

value isObtained.

× Non-linear increase in rate ofshear.

× Increase resistance to flow on increase rate ofshear

Shearing stress, F

Rate of shear, G
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ü In which, particles are closely packed with less voids

spaces,  also amount of vehicle is

sufficient to fill the void volume.

At rest close packed Less  

void volume Sufficient  

vehicle Low consistency

Open packed High void  

volume Insufficient  

vehicle High
consistency

This leads particles to move relativeto one another at low rate ofshear.

Increase rate of

shear

21-Feb-16

27



ü So therefore, dilatant suspension can bepoured from bottle because inthese

condition it isfluid.

ü When stress is increased, the particles shows the open packing and bulk of  

system (void volume is increase) isincreased.

ü But the amount of vehicle is insufficient to fill this void space.

ü Thus particles are not wetted or lubricated and develop resistance toflow.

ü Finally system show the paste likeconsistency.

28
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ü Because of this type of behavior, the dilatant suspension can be  

process by high speed mixers, blenders ormills.

The exponential equation shows thisflow

N = no. of givenexponent

ɖ = Viscositycoefficient

In which N < 1, and decrease as the dilatancy increase.  

If N = 1, the system is Newtonianflow

FN = ȆG

29
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THIXOTROPHY (GEL-SOL-GEL)

30

It is definedas,isothermalandcomparativelyslow recoveryon standingof

materialof aconsistencylost throughshearing.

It is shearthinning system, whenagitatedand kept asideit is expectedto

return its original state of fluidity, but takes longer time to recover

comparedto thetimetakenfor agitation.

Thixotropic behavior can be shown by plastic and pseudo plasticsystem.
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THIXOTROPHY  

INTERACTIONS)

Multi point contacts

(High consistency  

or high viscosity)

Contacts break down

(low consistency

or low viscosity)

At rest

( On storage)
Gel state

On shear 

(equilibrium)
Sol state

Particle contacts formGel state
due to brownian motion

Set aside

(removal  

of stress)

Rapid  

process

slow process
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The Rheogram of thixotropic material dependson:

32

Ç Rate at which shear increased or decreased.

Ç Length of time during which sampleis subjectedto any one rate of  

shear.
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The thixotrophy phenomena can be  

observed by constructing  

consistencycurves.

ÁFrom the graph up curve abis

obtained, up to maximum pointb.

ÁIf the rate of shear is

reduced,  then down curve bc is

obtained.

Á In Non-Newtonian system, the

down curve is displaced to left of  

the upcurve.

ÁIn thisgraph, the material haslow  

consistency at any rate of shear on  

down curve compared tothat

shown on up curve.

Álly, thixotropic curvesconstructed  

for pseudo plastic system.

ÁIn Newtonian system, downcurve  

superimposed to upcurve.

Shear stress,F

R
a

te
 o
f 
s
h
e
a
r,G

a

b

c

Plastic  

system

Pseudoplastic  

system
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ANTI-THIXOTROPHY (-VE THIXOTROPHY)

34

Anti-thixotrophy representsan increasein consistency(high viscosity) rather

decrease in consistency in the downcurve.

The increasein thicknessor resistance to flow with increase time of shear  

observed for (magnesiamagma).

Anti ïthixotrophy is flocculated system containing low solid content ( 1 ï10

%).

Dilatancy system is deflocculatedsystemcontaining solid content ( > 50%).
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Individual particles

(in large no. Of small flocs)

(Low viscosity)

Particle collision &

contacts are more

(Large flocs in small no.)

( High viscosity)

Flocs contacts break  

individual particles  

(Low viscosity)

At rest

( On storage)

On shear  

(equilibrium)
Sol state

Set aside  

(removal of  

stress)
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