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rheoi to flow
logosi science

Rheologyis the studyof the flow anddeformationof matterunder

stress.



DEFINITIOMDFRHEOLOGY

AT VRN A

Rheology is the science/physicghat concernswith the flow of

liquids andthe deformationof solids

Study of flow propertiesof liquids is important for pharmacis
working in the manufactureof severaldosageforms, viz., simple

liquids, gels,ointmentscreamsand pastes

These systems chamge their flow behavior when exposed to

differentstressconditions.



IMPORTANCE & FUNDAMENTALS
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Formulationof medicinalandcosmetic creamgastes antbtions.

Formulationof emulsionssuspensions, suppositoriasdtablet

coating.

Fluidity of solutions foinjection.

In mixing andflow of materialstheir packaging into theontainers,

theirremovalprior to use, the pouring from tbhettle.
Extrusion of a paste from a tube
Passagef the liquid to a syringaeedle.

Influence the choice of processiaguipmentsn thepharmaceutical

system.



Canaffectthep a t | asaeptabiBtyof the product,physicalstability,
biologic availability, absorptionrate of drugsin the gastrointestine
tract

Manufacturing of dosageforms: Materialsundergoprocesssuchas
mixing, flowing through pipes,filling into the containersetc Flow

relatedchangesnfluencethe selectionof mixing equipment

Handling of drugs for administration: The syringibility of the
medicines,the pouring of the liquids from containers,extrusion of
ointmentfrom tubes,all dependon the changesan flow behaviorof

dosagdorms



NEWTONS LAW

According toNEWTONSLAW higher the
viscosity of a liquid, the greater Is the force per
unit area (shearing stress F) required to produc
certain rate of shea@). o e moingwith ke

rateof shearU shearingstress —— -

F= G —
Where i consiing o | e
C I.n AC O K infinitesimal layers ;
G=dv/dr =——
Viscosity -

Stationary plate



TYPES OH-LOW



NEWTONIAN FLOW:

A Newtonian fluid (named forisaac Newtohis afluid whosestress
versusateof curve is linear and passes throughdhgin. The

constant of proportionality is known as tiscosity

Examples
Water,
chloroform,
Castoroll,
ethyl Alcohol etc.


http://en.wikipedia.org/wiki/Isaac_Newton
http://en.wikipedia.org/wiki/Fluid
http://en.wikipedia.org/wiki/Fluid
http://en.wikipedia.org/wiki/Shear_stress
http://en.wikipedia.org/wiki/Origin_(mathematics)
http://en.wikipedia.org/wiki/Viscosity

VISCOSITY
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It IS defined as resistance to thaw.

| foefficrestof viscosity.And iscalculated
as

= B/
Where F= Shearingtress
G= Rate okhear
Unit of viscosity Is Poise atyne.sec/ci



NON NEWTONIAN FLOW
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A non newtonianflow Is defined as one for which the relation

betweer- andS is notlineatr.

In otherwordswhenthe sheamrateis varied,the shearstresgs not

variedin the sameproportion The viscosityof sucha systemthus

variesasthe shearingstressvaries

It can be seenin liguids and in solid heterogeneousispersions

suchasemulsionssuspensiongollioidsandointments



ION NEWTONIAN SYSTEM
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Threeclasses:
PLASTIC EL OW

PSEUDOPLASTICELOW

DILATE L



PLASTIC FLOW:
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In which curve does nat passthroughthe origin, the substance behaves

Initially
Elasticbodyand it fails to flow when less amounftstress isapplied.
As increasahestress, leadfo nonlinear increasen shear ratdutafter that

curve islinear.
The linear portiorextrapolatedntersects the x axis at the point calles

yield value

So, plastic flow showBlewtonianflow above theield value.



AThe curve represnts plastic flow, such materials are caled as Bingham

bodies.

MBinghambodiesdoes noflow until the shearing stress eorrespondingo
yield Valueexceeded.
£So,yield value is importanpropertyof certaindispersions.

AT hereciprocalof mobility is Plasticviscosity

ZnO in mineral oll, certain pastes , paints amatments.



Plasticflow explainedby flocculated particles in
concentrateguspensionspintments, pastes aels.

LA

- Flow !

BT Yicld value :.‘ swess

Flocculateu ® Individual ®
Particles particles
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The curve for the plastic flow isas fallows.

Rate of shearr, -
' 4 ' Yield value |

‘ Shearincl; I |

16



The equation describingasticflow Is,
U=F 8f/ G |

Where,

f =Yield value

F =Shearingstress

G = Rate ofshear



Many P 0 ¢ e wpioductshquid dispersionof naturaland synthetic

gumsshowspseudo plastifiow.
eg 1. Tragacanthn water

2. Sod.Alginate inwater

3. Methyl cellulose invater

4. Sodium CMC inwater



With increasein the shearingstressthe disarrangedmolecules
orient themselvesan the direction of flow, thus reducingfriction

andallowsa greatemrateof shearat eachshearingtress

Some of the solvent associatedwill be releasedresulting in

decreasediscosity

This type of flow behavioris also called as shear thinning

system.



Graph for pseudo plastic flow is like this

‘ Rate ot sheat, t

Shearing i

In which curve is passing froorigin (Zero shear stress), so peld
value isObtained.
As shear stress increases, shear rate increatast

linear.
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Pseud@lasticflow canbe explained byongchain
molecules opolymer.

~ Polymer& water molecules
align on direction oforce

: /. / -

//'./Jf
Polymerlong chain
with watermolecules

Gt A

e

In storage conditiorarrangaandomlyin dispersion

21



On aplying F/A, shearing stress molecules ( water &
polymer) arrangéng axis in the direction of forcapplied.
This stressreduces internal resisence & solvent molecules

released form polymanolecules.

Then reduce the concentrationand size of molecules with

decrease Iiniscosity.
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Theexponential equatioshows thiglow

F'= @&

N = no. of givenexponent

d = Viscosity coefficient

1 In case opseudo plastifiow, N > 1.
l.e. MoreN >1, thegreatempseudlastic flow of material.

o If N =1, theflow is Newtonian

23
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Taking Log on-%both sides;

On rearrangement, we get

This equation gives straight line,

24



DILAT FLOW
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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 in Shear thickening s y s t ieemmhen stressis

removeddilatantsystenreturnto its original position



Graph fordilatantflow is like this

‘ Rate of shearI G t

Shearing stress, F

In which curve Is passing from origin (Zero shear stress), soehm
value isObtained.

Non-linear increase in rate shear.
Increase resistance to flam increase rate acdhear



In which,

®
2% .
[ ) Q‘ Increase rate of o >0 @
Z¢ ol = / //‘
//“ shear | e .
At rest close packed Less Open packed High void
void volume Sufficient volume Insufficient
vehicle Low consistency vehicle High
‘ ; ~consistency

Thisleads particles tommoverelativeto one another at low rate ahear.



So thereforedilatant suspensiaran be poured from bottle because ithese

condition it isfluid.

When stress is increased, the particles showsgeepackingandbulk of

system (void volume is increase)nsreased.

Buttheamount of vehicle is insufficient to fill thiid space.
Thus particles areot wettedor lubricated and develop resistancditov.

Finally system show the paste ligensistency.



Because of thig/pe of behaviorthedilatantsuspension cae
process by high speed mixers, blendenmhiis.

Theexponential equatioshows thiflow

} F\= @& i

N = no. of givenexponent
d = Viscositycoefficient

In which N <1, anddecrease as the dilatancy increase.

If N =1, thesystems Newtoniarflow



It is definedas,isothermalandcomparativelyslow recoveryon standingof

materialof a consistencyostthroughshearing

It I1s shearthinning system when agitatedand kept asideit is expectedo
return its original state of fluidity, but takes longer time to recover

comparedo thetime takenfor agitation

Thixotropic behaviocanbe shownby plastic and pseudo plassgstem.



21-Feb-16

THIXOTROPHY CONCEPT (FRARTICLE T FARTICLE

INTERACTIONS) (GELT SOLT GELTRANSFORMATION)

‘ Multi point contacts
At rest e . : ,
| (On storage) I =3 (High consistency™
| ; or high V|sc:05|ty)
On shear | Contacts break dov |
(equilibrium) | e (low consistency™ M
{3 | or low viscosity)

| _stowprocess |

Set asidei o Particle contacts_wz
Lemoya due to brownian mot -

of stressz

3%



The Rheogranof thixotropic material depenam:

¢ Rate at which shear increasadlecreased.

Length of time during which sampleis subjectedto any onerateof

sheatr.



The thixotrophy phenomena can be
TOIIE PR PR R.ONNDN MY INCTNARDNICNESE <500 Ny

observedby constructing
copsistencycurves.

Pseud@lastic

system \ : b

1

Plastic
sysem

/From the graphip curve alis

obtainedup tomaximumpointb.
/Af the rate ofshear is

reduced thendown curve bes
obtained.

A In Non-Newtonian systenthe
downcurveis displacedo left of

the upcurve.
‘In thisgraph,

the material hasow




Anti-thixotrophy represent&n increasen consistency(high viscosity) rather

decrease in consistency in tievncurve

The increasein thicknessor resistnce to flow with increase time of sheat

observed forhagnesianagma).

Anti T thixotrophy isflocculatedsystencontainingow solid content (1 10
%).

Dilatancy system ideflocculatedsystemcontaining solid content ( 50 %).



Individual particles
At rest (in large no. Of small flocs)

( On storage) (Low viscosity)

O h Particle collision &
n_§ ?ar iad contacts are mets
(equilibrium) (Large flocs in small

( High viscosity)

Set aside Elocs contacts break
(removal of —= individual particles

stress) (Low viscosity)



