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Mechanics of aqueous calcite suspension

Mineral and Rocks, ed. J. R. Wilson 2010 ’
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Influence of simple ions on mecanical properties
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- Pure CaCQOs powder

» <dp>=70nm

- Rhombohedral shape

- Colloidal paste ¢ =[5-30] %
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Elastic modulus
KPa < G’(p) < MPa

CaCOs3 paste $=20%



Elasticity and yielding'of pure calcite paste
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T. Liberto et al Soft Matter 2017

Minimum predicted by Shih et al. PRA 1990
Elasticity of fractal colloidal gels

k‘(] A

-~ £

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
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Changing inter—aéﬁonfbfifpﬁysi.comhemistry

Addition of calcium hydroxide Ca(OH),
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Calgite with calcifim hydroxide

100 . |
o =10%

: AL
? 16 - wfﬁ%ﬁ%&mﬁm

a¥
=

T 1073 -

’ O Pure CaCOg

O 3 mM Ca(OH)2

® 15 mM Ca(OH)Z

® 30 mM Ca(OH),
)

102 e .



. . b R T,
Carbonation chafiges elastiCity
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Micresgopic Inte"rfé‘c_tioﬁs: DLVO
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Mickesgopic Intefactions: DLVO

Debye length calculation: chemical speciation with Minteq

(1) CaCO; (s) = CaCOs (aq) (K; = 1077%)

(2) CaCOs (ag) = Ca’*+ CO%~ (K, = 107°%)

(3) CO¥ + Hy0 = HCO3+ OH™ (K3 = 107°7)

(4) HCO3 + Hy0 = HpCO3+ OH™ (Ky = 107797) [~1 — 100 mM

(5) H,CO3 = CO; (g) + Hy0 (K5 = 10'47)

Ap ~10 —1nm
(6) Ca’* 4+ HCO3 = CaHCO? (Kg = 10°%7) b

(7) CaHCOF = H*+ CaCOs (aq) (K7 = 1077)
(8) Ca’*+ OH™ = CaOH™* (K = 10"
(9) CaOH*+ OH~ = Ca(OH), (aq) (Kg = 10'°7)

(10) Ca(OH), (aqg) = Ca(OH); (s) (Kjp = 10%%°)

P. Somasundaram et al. JCIS 1967



At long times, the ionic
conditions are identical

Debye length decreases due
to the addition of Ca(OH),

" pH monitors the
Expect a decrease of electrostatic degree of carbonation
repulsion



Addinggcalcium Pfy»quﬁde:

Zeta Potential measurement for paste ¢@=10%

collaboration Anna Costa ISTEC Faenza, Italy
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Elasticanodulus ¥S DEVO interactions
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Elasticanodulus ¥S DEVO interactions
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Elasticanodulus ¥S DEVO interactions
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Elasticanodulus v8 DEVO interactions
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Elasticanodulus ¥S DEVO interactions

]pH—meter incertitude
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Addition of NaOH™o ealcite
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Yielding and Flow in Adhesive and Nonadhesive Concentrated Emulsions

Lydiane Bécu,' Sébastien Manneville,"* and Annic Colin®
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FIG. 4. Velocity profiles in the adhesive emulsion for FIG. 3. Velocity profiles in the nonadhesive emulsion for
(8) vy =049, (b) vy =098 (O). 117 (@). () v =147 | |(q) y, = 0.98, (b) vp = 1.47, (¢) vy = 1.96, and (d) vy = 2.94
‘l?s' 19 (®). 'ﬁ (@ = 4.7; (ai. 9i7:f (®). Tu;:: (©), 4.90 (@), and 9.79 mms ™' (CJ). Arrows indicate the wall
i BRERY 4y, AR io Tho Wil yalocky, - velocity vg. The solid lines correspond to solid body rotation in
solid lines correspond 1o solid body rotation in (2) and to the (a) and (b) and 1o the Herschel-Bulkley ) with .
Herschel-Bulkley model with o7y = $8.9 Pa, A = 11.0, and n = | [ (&) a® e ey BlGSH. R Oy
0.41 in (d) [see Eq. (3)). 580Pa, A =114 and n = 0.45 in (¢) and (d) [see Eq. (3)).

- 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
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Ultrasonic velocimetry coupled to rheometry
- flow behavior: flow curves
- velocity profiles

T. Gallot et al., Review of Scientific Instruments (201 25)
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Ultrasonic velocimetry coupled to rheometry
- flow behavior
- velocity profiles
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Rheology: macrosEopic properties

First signature of interaction: G’(NaOH)>>G’(pure), ¢=10%
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First signature of interaction: G'(NaOH)>G’(pure)

Pure calcite ¢=10%, Calcite + NaOH @=7%
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Rheelogy: veIO'Ci%rofﬂés

ol

—

r
- gap2mm (R =2cm)
- Z=3Cm
- Spatial resolution 100 ym
» time resolution 10 ms
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Rheelogy: velocity profﬂés L

@ =8

—

r

v (mm/s)
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- Spatial resolution 100 ym
» time resolution 10 ms

spatial homogeneity
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- Wall slip for both samples
- NaOH: shear banding (starting from 50 s)
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Pure calcite paste never shows shear-band
Attractive suspension exhibits shear-bands

First time with colloidal gel: influence of interaction on flows
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FIG. 4. Velocuty profiles in the adhesive emulsson for
(a) vy =049, (b) vy, =098 (0), 1.17 (@), (¢) vy = 1.47
(0), 196 (@), and (d) v, =478 (O), 978 (@), and
19.5 mms™' (O). Arrows indicate the wall velocity wy. The
solid lines correspond to solid body rotation in (2) and to the
Herschel-Bulkley model with oy = 889 Pa, A = 11.0, and n =
0.41 in (d) [see Eq. (3)).
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FIG. 3. Velocity profiles in the nonadhesive emulsion for
(a) vo = 0.98, (b) vp = 1.47, (¢) vy = 1.96, and (d) vy = 2.94
(D), 4.90 (@), and 9.79 mms ™' (0). Arrows indicate the wall
velocity vy. The solid lines correspond 1o solid body rotation in
(a) and (b) and to the Herschel-Bulkley model with oy —
58.0 Pa, A = 11.4, and n = 0.45 in (¢) and (d) [see Eq. (3)].

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

7 APRIL 2006
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FIG. 4. Velocuty profiles in the adhesive emulsson for
(a) vy =049, (b) vy, =098 (0), 1.17 (@), (¢) vy = 1.47
(0), 196 (@), and (d) v, =478 (O), 978 (@), and
19.5 mms™' (O). Arrows indicate the wall velocity wy. The
solid lines correspond to solid body rotation in (2) and to the
Herschel-Bulkley model with oy = 889 Pa, A = 11.0, and n =
0.41 in (d) [see Eq. (3)).
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FIG. 3. Velocity profiles 1in the nonadhesive emulsion for
(a8) vy = 0.98, (b) vy = 1.47, (¢) vy = 1.96, and (d) vy = 2.94
(O), 4.90 (@). and 9.79 mms ' ({J). Arrows indicate the wall
velocity vg. The solid lines correspond Lo solid body rotation in
(a) and (b) and o the Herschel-Bulkley model with o =
S80Pa, A = 114, and n = 0.45 in (¢) and (d) [see Eq. (3)).

- 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
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Fig. 4 Time-resolved analysis of the flow of a weakly attractive calcite gel [¢ = 10% in pure water (left panels)] and of a strongly attractive calcite gel
[¢ = 7% in a sodium (94 mM) and calcium (3 mM) hydroxide solution (right panels)] for a fixed shear rate y = 30 s~!. (a)-(b) Shear stress ¢ as a function
of time r. (c)-(d) Spatiotemporal maps of the z-averaged velocity v(r,r) = (v(r.z.t)).. The white lines correspond to a a fixed velocity v =32 mm/s in (c)
and v=16 mm.s~! in (d). Experiments performed in a smooth Taylor-Couette geometry. See also Supplementary Movie 1.

increase of flow fluctuations with attraction has also been reported in
simulations of jammed systems with tunable interaction

P Chaudhun L. Berthier and L.
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