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Table 1 Calculation of surface broken bonds of fluorite!”!
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Fig. 2 Structures and bonding states of {111}(a), {110}(b),
{100}(c), {310}(d) surfaces of fluorite

Unit cell Ca number Broken bond Broken bond number Interlayer
Surface N . . . o .
area/nm per unit cell number per unit cell per unit area/nm spacing/nm
{100} 0.1492 1 4 26.81 0.1366
{310} 0.4719 2 12 25.43 0.0864
{110} 0.2110 1 4 18.96 0.1931
{111} 0.1292 1 2 15.48 0.3154
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Fig. 3 XRD pattern of powdered fluorite minerals for

flotation test (d is interlayer spacing, nm)
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Table 2 Literature reports on calculated surface energies of

different fluorite surfaces

Fluorite surface/(J'm2)

Surface

Ref. [7-8]  Ref.[2] Ref. [9] Ref. [10]
{100} - 2.9 0.866 0.840
{310} 1.56 - - -
{110} 0.82 1.4 0.723 0.613
{111} 0.52 0.8 0.384 0.392
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Fig. 4 Relationships between surface energy and surface

broken bonds density of fluorite!”)
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Table 3 Dissolution rate of different fluorite surfaces

Fluorite surface {111} {100} {110} {310}

[11]

Dissolution rate/

1.2+0.8
(10~° mol'm s ™"
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Table 4 Contact angle values of fluorite reported in Ref.[12—13]
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Ref. Measuring method Contact angle/(°)
Dried at 50 “C for 30 min 82.2
Without immersing
Dried at 110 C for2 h 100.6
[12] Sample immersed in an aqueous solution of Dried at 50 ‘C for 30 min 0
HF(0.1 mol/L) for10 min Dried at 110 °C for 2 h 98.6
Sample immersed in an aqueous solution of Dried at 50 “C for 30 min 53.1
Ca(OH),(0.1 mol/L) for10 min Dried at 110 °C for2 h 88
Bubble attached to plate 40
3l Sessile drop 55
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Table 5 Contact angles of fluorite surfaces and interaction energies of water molecule with them

Surface Contact angles/(°) Coverage water on Adsorption energy for water
Ref. [15] Ref. [5] Ref. [16] fluorite™ /% onto fluorite!”/(kJ-mol ')
{111} 20 40.4 75.1 50 —61.8
{100} 0 324 74.6 100 -
{110} 0 - - 100 -33.4
{310} - - - 100 —250.7
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Table 6 Interaction model and energies of methanoic acid

molecule with different fluorite surfaces'™!

Fluorite Interaction Interaction
surface model energy/(kJ'mol ")
{111} Bridged -56.3
{110} Bridged -102.4
{310} Bidentate -110.9

I i I
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0 © o7 o 9 .

; S

Ca Ca Ca Ca
(@) (b) ©
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Fig. 5 Schematic diagrams of different binding conformations
of oleate with surface calcium atoms®: (a) Monodentate; (b)

Bidentate; (c) Bridged
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A review of anisotropic surface properties of fluorite

GAO Yue-sheng, GAO Zhi-yong, SUN Wei

(School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: The research progress on anisotropic surface physicochemical properties of fluorite, including surface broken
bonds, cleavage nature, surface (free) energy, surface charge, wettability and adsorption behavior, was reviewed in this
work based on the crystal (surface) structure of fluorite. The relationships between crystal structure and surface properties
were discussed, and the correlations among these surface properties were discussed. The results show that the positive
relation between surface broken bonds density and surface energy of fluorite is found, and the former can be used to
predict the cleavage nature and the commonly exposed surfaces. The surface Ca distribution feature and its broken (or
unsaturated) bonds number can be used to explain the anisotropic surface charging properties, wettability, dissolution and
adsorption behavior of fluorite.
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