
Ch 13 
Rheology of particulate gels



Rheological measurements  

On concentrated, strongly flocculated gels are hampered by the following 
difficulties

1. Poor reproducibility

2. Sensitivity to gel preparation

3. Sensitivity to shear history

4. Extermely limited range of linear viscoelastic response

5. Slip 

<- Particles  bound strongly together in their primary van der Waals 
potential minima are unable to rearrange within lab time scales; hence 
the structures cannot relax to achieve thermodynamic equilibrium

-> gel structure depends on preparation histroy, including any deformation 
experienced by the gel prior to the rheological measurement



Weakly flocculated gels  
at high concentration

Viscosity of thermoreversible gels

at low concentration
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the viscosity increases 

exponentially with the depth of 
the potential well

the more strongly a gel is 
flocculated, the longer it takes 
to reach thermodynamic 
equilibrium



Weakly flocculated gels  

Viscosity of thermoreversible gels



Weakly flocculated gels  

Yield stress;

as the gel becomes more flocculated, not only does the low shear rate 
plateau viscosity becomes larger, but the viscosity drop becomes steeper



Strongly flocculated gels  

Gels in which the attractive potential minimum is large

-> particle rearrangement are strongly suppressed

-> the time for equilibration of the structure is too long to occur within the 
experimental time frame

Rheological measurements are difficult

-> strongly flocculated suspensions are by definition not at equilibrium

-> properties are sensitive to preparation method and deformation history

-> multiple runs must be averaged

-> in large deformation or continuous shearing, slip is always a danger
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Strongly flocculated gels  

Compressive and shear yield stresses
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Strongly flocculated gels  

Modulus 

at 29C, weakly flocculating

at 20C, strongly flocculating

Strongly flocculating gels are more 
brittle 



Strongly flocculated gels  

The mechanical properties of a gel depend not only on particle radius, 
concentration, but also on the flocculation strength

For gels in aqueous media, the properties depend on the charge on the particle 
surfaces as well as on the type of ions that might be bound to them



Strongly flocculated gels  

Isoelectric point; pH at which zeta 
potential is zero

The pH at which zeta potential can be adjusted by adding surface-binding anions

As they are added, anions bind to the particle surface, rendering it more negatively 
charged; to neutralize this charge, pH should be lowered to supply H+ ions; 
thus the pH at isoelectric point is less when anions are present
-> the pH at which yield stress is maximized is correspondingly reduced.

The binding of ions increases the thickness of the hydration layers
-> reduces the yield stress
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