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Lecture 3: Rheology & its 
Importance to Dispersion Stability
Discover the relationships between particle 
size, charge & rheology
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Overview

üRheology Overview
ÁWhy and how to measure rheology

üRheology and the Importance of Particle Properties
ÁParticle size

ÁSize distribution

üIntroduction to Suspensions / 
Dispersions

üSuspension Stability
ÁParticle Size

ÁParticle Loading

ÁParticle Size Distribution

üExperimental Examples
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üRheology; from the Greek word rheos& logos
ÁRheos- stream current (i.e. flowing)

ÁLogos ±sgd rstcx ne£

üThe technical definition is:
Á®Sgd rbhdmbd nedeformation and flow¯

üBase material property of a fluid/semi-solid; 
®sghbj¯.¯sghm¯£ ld`rtq`akd

üHm oq`bshbd hs hr trdc `r ` oqnakdl rnkuhmf snnk£
ÁLx l`sdqh`k£-

°will not pour

°is not stable

°will not spray

°is settling

°leaves trail marks
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What is Rheology at the Particle Level

üRheology can be considered the measurement of structure
ÁMore associated structure gives more rheology  (over Newtonian behaviour)

ÁViscosity is resistance to flow, more associated structure, more resistance

üThis associationstructure is typically from particle (and molecule) 
interactions(at higher concentrations)
ÁBnkknhc`k hmsdq`bshnmr+ dkdbsqnrs`shb+ gxcqnfdm anmhmf+ rsdqhb£etc

üChange the particle properties, changes the rheology
ÁSize (length), polydispersioty(MWD), shape, charge (zeta), volume fraction

ÁRheology is a bulk material property, related to what goes into the material
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To Measure Rheology - Rheometer Principles

üRheology testing involves some standard variables:
ÁShear stress: force (f or p) per area (a)
ÁShear strain: displacement (u) divided by height (h)
ÁShear (strain) rate: change in strain with time

üA sample sandwiched between two plates experiences a 
strain or shear rate depending on the type of stress applied

üThe sample experiences a shear profile, and from this 
typical material properties can be calculated

Top plate, surface 
area (a) rotates 
with force (f)
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Flow Curve Measurements °Particle Association
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®XHDKC RSQDRR¯

An ever increasing viscosity as the shear 
rate approaches zero, i.e. a does not flow 
/ solid like when stationary.

ZERO SHEAR VISCOSITY

Sgd uhrbnrhsx ok`sd`t­r `r sgd rgd`q q`sd
approaches zero, i.e. flows / liquid like
when stationary.

10-6 106

Studying weaker
interactions

Studying stronger
interactions

Rheometer measurement range

Viscometer
Measurement range
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Molecules / Particles Entanglements / Particle Interaction

Destruction >
Recovery

No Entanglements 

.

Reason for Shear Rate Dependency

üEntanglement Network / Particle-Particle-Interaction 
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üA rheometer is a very powerful tool to probe the internal 
structure of a material

üIn this presentation we will generally consider the affect on 
®uhrbnrhsx¯+ gnvdudq lnqd uhrbnrhsx kd`cr sn lnqd ®qgdnknfx¯

üWhen viscosity increases, the 
following are typical
Á Any yield stress , increases

Á Any thixotropic can increase

Á Oscillation , linear region 
changes

°Cdbqd`rdr `r lnqd ®aqhsskd¯

Á Oscillation , more solid like 
nature

°Viscoelastic liquid to 
viscoelastic solid changes

°Phase angle decreases
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Rheology-determining factors of suspensions

Particle 
Size

Particle 
Loading

Particle Size 
Distribution

Particle 
Shape

Particle 
Charge
(Zeta 

Potential)



© 2017 Malvern Instruments Limited

PARTICLE SIZE 
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Importance of particle size 

üForsmall (<~1um) particles 
colloidal effects on rheological 
properties can be significant:
ÁBrownian motion

°The random movement of particles due to the bombardment 
by the solvent molecules that surround them

ÁAttractive / repulsive colloidal forces

üFor large (>~1um) particles the 
direct effect on rheology is much 
less
ÁThe affect is more related to the associated 

change in volume fraction

Nanoparticles (small)

Emulsion Droplets (large)
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Effect of particle size

üFor large particles (>~1um) the direct 
effect of increasing size showslittle 
viscosity difference for the same volume 
fraction

üIncreasing volume fraction for the same 
particle size, increases viscosity

Small particlesLarge particles

üFor small particles ,(<~1um) 
there is a relationship

üDecreasing particle size 
gives a increased viscosity 

Ref: After Lewis & Nielsen 1968
Colloidal Suspension RheologyJan Mewis, 
Norman J. Wagner, 2012
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Effect of particle size 

üAdding talc (filler) to an epoxy

üFor constant volume fraction decreasing particle size will 
increase viscosity

üThe increased number of small particles give rise to colloidal 
repulsion, increasing viscosity at low shear

ÁThis relatively weak 
force is broken 
down at higher 
shear rates leading 
to the converging 
of viscosities.0% talc

28.6% coarse talc 
(D50 = 1.9 Ɯm)

28.6% fine talc 
(D50 = 0.5 Ɯm)
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PARTICLE LOADING 
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Effect of particle loading

üKrieger-Dougherty equation
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ɖ ïviscosity of the suspension

ɖmediumïviscosity of the medium

f ïvolume fraction of solids in the suspension

fm ïmaximum vol. fraction of solids in the suspension

[ɖ] ïintrinsic viscosity of the medium (2.5 for spheres)
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Volume fraction, f

f <<< fm

üDescribes the amount of particles in a material

üf±volume fraction of solids in a suspension

üfm±maximum volume fraction of solids in the 
suspension (i.e. the maximum amount of particles that 
can be added to the suspension)

f < fm f ~ fm

Increase f
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üViscosity (h) is increasing with an increased volume fraction 
as suggested by Krieger -Dougherty

ü

Ref: R. Egres, University of Delaware

Volume fraction
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üPacking more 
molecules 
makes flow 
more difficult
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Kinetic Sand
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Kinetic Sand vs. Play Putty

100,000 Pas

1,000 Pas

10,000 Pas

10,00,000 Pas

Play Putty

Kinetic Sand
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Phase Angle

üFor a Purely Elastic Material ±Solid-like behaviour
ÁThe stress and strain are exactly in phase

ÁTherefore the phase angle is zero

üFor a Purely Viscous Material ±Liquid-like behaviour
ÁStress and strain are 1/4 of a cycle out of phase

ÁTherefore the phase angle is 90°

Elastic Viscous
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üYogurt and honey can have the same 
viscosity and modulus

üGnvdudq£

üYogurt is elastically dominated, it 
behaves as a solid

üPour it and it drops

üKd`udr qhcfdr+ cndrm­s eknv vdkk

üHoney is viscously dominated, it 
behaves as a liquid

üIt pours and strings

üSettles with a smooth finish

Qmjgb mp Jgosgb Jgic¢=

http://photos.runic.com/gallery2.html
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Kinetic Sand vs Play Putty

Play Putty
Viscoelastic LIQUID
Phase angle approaches
90Átowards 0Hz

ViscoelasticSOLID
Phase angle approaches

0 towards 0Hz

Kinetic Sand
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Year Event
1930 stem was cut 
1938 (Dec.) 1st drop
1947 (Feb) 2nd drop
1954 (Apr.) 3rd drop
1962 (May) 4th drop
1970 (Aug.) 5th drop
1979 (Apr.) 6th drop
1988 (Jul.) 7th drop
2000 (Nov.) 8th drop

2014 (Apr.) 9th drop fell

Rfc ­Ngraf-Bpmn Cvncpgkclr®
üUniversity of Queensland (Brisbane, Australia) Prof.Parnell, 1927
Á http://www.thetenthwatch.com/feed/#


