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Definition of Rheology

* Rheology is the science/physics that concerns with the flow of
liquids and the deformation of solids.

» Study of flow properties of liquids is important for pharmacist
working in the manufacture of several dosage forms, viz., simple
liquids, gels, ointments, creams, and pastes.

* These systems change their flow behavior when exposed to
different stress conditions.



Fundamentals of Rheology

I.Manufacturing of dosage forms: Materials undergo process such
as mixing, flowing through pipes, filling into the containers etc.
Flow related changes influence the selection of mixing equipment.

ii. Handling of drugs for administration: The syringibility of the
medicines, the pouring of the liquids from containers, extrusion of
ointment from tubes, all depend on the changes in flow behavior
of dosage forms.
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NON NEWTONIAN FLOW
« A non Newtonian flow is defined as one for which the relation between F and S is not linear.

* In other words when the shear rate is varied, the shear stress is not varied in the same proportion. The
viscosity of such a system thus varies as the shearing stress varies.

* It can be seen in liquids and in solid heterogeneous dispersions such as emulsions, suspensions, colloids
and ointments.

NON NEWTONIAN SYSTEMS
Three classes:

X PLASTIC FLOW

X PSEUDOPLASTIC FLOW

X DILATENT FLOW



PLASTIC FLOW:

* In which curve does not pass through the origin, the substance behaves
initially

- Elastic body and it fails to flow when less amount of stress is applied.

* As increase the stress, leads to non-linear increase in shear rate but after that
curve is linear.

* The linear portion extrapolated intersects the x axis at the point called as
yield value

So, plastic flow shows Newtonian flow above the yield value.

The curve represents plastic flow, such materials are called as Bingham
bodies.

‘Bingham bodies does not flow until the shearing stress is corresponding to
yield Value exceeded.

*So, yield value is important property of certain dispersions.

‘The reciprocal of mobility is Plastic viscosity

NEXAMPLES: ZnO in mineral oil, certain pastes, paints and ointments.
Plastic flow explained by flocculated particles in

concentrated suspensions, ointments, pastes and gels
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The equation describing plastic flow 1s.

t = Y—i'el@ | value

- F = Shearing stress

e Ra.té_:t;f shear
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Mau}f P’ceutlcal prﬂducts llqlud dlSpEI‘SlDﬂ s::rf natm"al a:nd S}fnthetlc

gums shows pSElldD plastic flow.
E:g 1. Tra gacanth 1 water
2. Sed. A]gmate 111 watEr

3. Methyl qellulﬂse n Water

4. Sodium CMC n watér




Rate of shear. |
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In whlr.:h curve 1s passmg ﬁnm Dl‘lg]ll (Zero shear stress) S0 NO yleld
value 1s Obtamed. | ~ ~

AS shear stress mcreases shea;l rate increases but not
linear.




Pseudo lastlc flow can be explained b I .ong cham

molecules of pol}rmel

Polymer & water molecules
align on direction of force

Polymer lung chain
with water molecules

In storage condition. arrange randomly in dispersion.




N =no. of given exponent

n = Viscosity coefficient

» In case of pseudo plastic flow. N> 1.

£ Mgire N >1. the _gi:'eater pseudo ;:ila:stic flow of inmterial. v

= § i N= 1. the flow 15 Newtonian. '
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Cenam suspensmns with hl“h % of dlspmsed solids ::,hnws. an

increase in resistance to flow wnh u1c1eaamg rates of E.hear such
syste;n mcrease il_]l volume whe:n sheared. 5_1;:.:]1 system called as
dilatant flow.

Also, called as ~ Shear thickening system”™ i.e. when stress is

removed. dilatant system return to 1ts original position




In which curve is passing fmm origin (Zero shear stress), scn no vield
value is Obtained. | | |

Nﬂn—lmear increase in rate of shear
Increase resistance to flow on increase rate of shear




~ In which, particles are closely packed with less voids spaces,
also amount of vehicle 1s sufiicient to fill the void volume.
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At rest close packed Less | i Open packed High void |
void volume Sufficient £ volume Insufficient

| vehicle Low consistency o (e ~ vehicle High

This leads particles to move relative to one another at low rate of shear.




So therefﬂre dﬂatﬂnt suspensmn can be pcmred tfrom bottle because in these

ccrndltmn it is ﬂuld

When stress is increased, the pamcles shows the open packmg and bulk {}f

sys’rem (void vﬂlume 1s increase) is increased.

But tl:[e amuunt of xs“ehlcle 15 msuﬁiclent to fill I:hlS void space.

Thus p;zirticles are ]1}:'}’[' wetted or lﬂbficated and deﬁelnp resistaﬂte to flow.

Finally system show the paste like consistency.
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- ‘Because of this fype ot behaﬁor, the dﬂatanf suspension can be
process by high speed mixers. blenders or mulls. |

The jéxponeﬂtia] édﬁaﬁon'shdwé?fhis flow

N = no. of giﬁréﬁ é;;pnnent{_ o
 n = Viscosity coefficient

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

If N : 1, the syétéﬂét is Neﬁtdnihﬁ- flow




It is défmed as. isotﬁmmal and cﬂﬁlparatively sl_bw recovery '_érn standing nf
material of a cnnéistency lost tijrﬂugh sheariﬁgi

It 1s shear thinning svstem, when agitated and kept aside it 1s expected to

1e’rum its Dl‘lg]]]?ll state of ﬂu:ldlty but rakes longer tlme to recover

cc:-mpaled to the time taken for agltatmn

Thixotropic behavior can be shown by plastic and pseudo plastic system.




THIXOTROPHY CONCEPT (PARTICLE —  PARTICLE
INTERACTIONS) (GEL — SOL — GEL TRANSFORMATION)

" At rest 1 Multi point contacts
- : (ngh consistency ™
b e  or high viscosity) .
her T mmlicas
Con::Lacts break dow=-
(low consisténcyﬂﬁ |
£ or low viscosity) £

| o)

Set asiclief LB Particle contacts ﬁ
(removal o due to brownian mot _

stress




The thixgtrophy phenomena can be
observed by constructing
comsistency curves.

~ Pseudo plastic

- From the graph up curve ab 1s
obtained, up to maximum point b.
- If the rate of shear 1s reduced,
then down curve bc 1s obtained.
= In Non-Newtonian system, the
down curve 1s displaced to left of
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Anti-thixotrophy represents an increase i consistency (high wviscosity) rather

decrease in consistency in the down curve.

The increase in thickness or resistance to flow swith increase time of shear

Dbserﬁéql for (magné-_si:a magimay. "-,_ :

Anti — thixotrophy is flocculated system containing low solid content ( 1 — 10
%0).

Dilatancy system is deflocculated system containing solid content ( = 50 %).




