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Calcite : stable polymorph of CaCO3

Mechanics of aqueous calcite suspension

Mineral and Rocks, ed. J. R. Wilson 2010
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MICROSCOPIC

structure & 

interactions

Micro-macro link ?

MACROSCOPIC

rheological

properties

Influence of simple ions on mecanical properties



MATERIA

LPure CaCO3 powder

<dP> = 70 nm

Rhombohedral shape

Colloidal paste ɸ =[5-30] %
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CaCO3  paste ɸ=20%

SEM image

Paste characterization
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SEM image

CaCO3  paste ɸ=20%

Elastic modulus

KPa < G’(φ) < MPa

Paste characterization



Elasticity and yielding of pure calcite paste

ɸ=20%



Elasticity and yielding : solid fraction

Minimum predicted by Shih et al. PRA 1990

Elasticity of fractal colloidal gels 

�

The exponents A >0 and B depend on 

- the fractal dimension of the floc

- the location of the weakest link

In the floc                       between flocs   

T. Liberto et al Soft Matter 2017
B<0                                  B>0  



Calcite paste: a colloidal fractal gel

Following the model of colloidal gel proposed by Shih et al. PRA 1990



Lime cycle

burning

CO2

slaking

Limestone

CaCO3

Hydrated lime

Ca(OH)2

Quicklime

CaO

carbonation

Changing interaction by physico-chemistry

Addition of calcium hydroxide Ca(OH)2



Calcite with calcium hydroxide



Carbonation changes elasticity



Microscopic Interactions: DLVO
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Microscopic Interactions: DLVO
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Microscopic Interactions: DLVO

Debye length calculation: chemical speciation with Minteq

I~1 � 100 ��

��  ~10 � 1 �� 

P. Somasundaram et al. JCIS 1967



Adding calcium hydroxide

At long times, the ionic

conditions are identical

pH monitors  the 

degree of carbonation

Debye length decreases due 

to the addition of Ca(OH)2

Expect a decrease of electrostatic

repulsion



Zeta Potential measurement for paste φ=10%

collaboration Anna Costa ISTEC Faenza, Italy

Adsorption of Ca2+ at 

calcite surface

Increase of �

Increase of electrostatic

repulsion

Antagonist effect of � and λ

Adding calcium hydroxide



Elastic modulus vs DLVO interactions



Elastic modulus vs DLVO interactions



Elastic modulus vs DLVO interactions



Elastic modulus vs DLVO interactions



Elastic modulus vs DLVO interactions

pH-meter incertitude

Correlation between G’(0) and 1/Wmax



Elastic modulus vs Wmax

T. Liberto et al JCIS 2019



Addition of NaOH to calcite paste

Decrease of debye length and zeta potential

Attraction is optimal for calcite paste with NaOH



Homogeneous

flow for 

non-adhesive

emulsion

Influence of interaction on flow

Yielding transition in jammed system (300 nm)

SDS surfactant tuning short range attractive forces (depletion forces)

Flow: adhesive (8% wt SDS) and nonadhesive (1% wt SDS) systems

Shear 

banding

in attractive

emulsion
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Influence of interaction on flows?

Ultrasonic velocimetry coupled to rheometry

flow behavior: flow curves

velocity profiles

T. Gallot et al., Review of Scientific Instruments (2013)

Collaboration with Sebastien Manneville
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Rheology: rotational test

Ultrasonic velocimetry coupled to rheometry 

flow behavior 

velocity profiles

Gallot, T. et al., Review of Scientific Instruments (2013)
20 μm

no-markers!
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Rheology: macroscopic properties

First signature of interaction: G’(NaOH)>>G’(pure), φ=10% 
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Rheology: macroscopic properties

Pure calcite φ=10%, Calcite + NaOH φ=7%

First signature of interaction: G’(NaOH)>G’(pure) 
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Rheology: velocity profiles
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Rheology: velocity profiles
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Rheology: velocity profiles
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Velocity profiles comparison



Velocity profiles comparison

Wall slip for both samples

NaOH: shear banding (starting from 50 s-1)



Velocity profiles comparison

Pure calcite paste never shows shear-band

Attractive suspension exhibits shear-bands

T. Liberto et al Soft Matter 2020

First time with colloidal gel: influence of interaction on flows



Literature comparison

Yielding transition in jammed system (300 nm)

SDS surfactant tuning short range attractive forces (depletion forces)

Flow: adhesive (8% wt SDS) and nonadhesive (1% wt SDS) systems



attractive 

glass with 

shear banding 

Literature comparison

Yielding transition in jammed system (300 nm)

SDS surfactant tuning short range attractive forces (depletion forces)

Flow: adhesive (8% wt SDS) and nonadhesive (1% wt SDS) systems



Conclusion on calcite paste

Colloidal fractal gel 

Simple ions tuning interactions

well described by DLVO theory

Signature of interactions:

On elastic modulus correlated 

to  the electrostatic barrier

On flows : Homogeneous for 

low attractive system & Shear-

bands for strong attractive



Questions?

Suggestions?

Comments?
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increase of flow fluctuations with attraction has also been reported in 

simulations of jammed systems with tunable interaction

P. Chaudhuri, L. Berthier and L. 

Bocquet, Phys. Rev. E: Stat.,


