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ABSTRACT

An atomic force microscope (AFM) has been used to conduct force measurements to

better understand the role of hydrophobic forces in flotation.  The force measurements were

conducted between a flat mineral substrate and a hydrophobic glass sphere in aqueous solutions.

It is assumed that the hydrophobic glass sphere may simulate the behavior of air bubbles during

flotation.  The results may provide information relevant to the bubble-particle interactions

occurring during flotation.  The glass sphere was hydrophobized by octadecyltrichlorosilane so

that its water contact angle (θ) was 109o.  The mineral systems studied include covellite (CuS),

sphalerite (ZnS) and hornblende (Ca2(Mg, Fe)5(Si8O22)(OH,F)2).  The collector used for all the

mineral systems studied was potassium ethyl xanthate (KEX).

For the covellite-xanthate system, a biopotentiostat was used in conjunction with the

AFM to control the potential of the mineral surface during force measurements.  This was

necessary since the adsorption of xanthate is strongly dependent on the electrochemical potential

(Eh) across the solid/liquid interface.  The results show the presence of strong hydrophobic forces

not accounted for by the DLVO (named after Derjaguin, Landau, Verwey and Overbeek) theory.

Furthermore, the potential at which the strongest hydrophobic force was measured corresponds

to the potential where the flotation recovery of covellite reaches a maximum, indicating a close

relationship between the two.

Direct force measurements were also conducted to study the mechanism of copper-

activation of sphalerite.  The force measurements conducted with unactivated sphalerite in 10-3

M KEX solutions did not show the presence of hydrophobic force while the results obtained with

copper-activated sphalerite at pH 9.2 and 4.6 showed strong hydrophobic forces.  However, at

pH 6.8, no hydrophobic forces were observed, which explains why the flotation of sphalerite is

depressed in the neutral pH regime.
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Direct force measurements were also conducted using hornblende in xanthate solutions to

study the mechanism of inadvertent activation and flotation of rock minerals.  The results show

the presence of long-range hydrophobic forces when hornblende was activated by heavy metal

cations such as Cu2+ and Ni2+ ions.  The strong hydrophobic forces were observed at pHs above

the precipitation pH of the activating cation.  These results were confirmed by the XPS analysis

of the activated hornblende samples.

Force measurements were conducted between silanated silica surfaces to explore the

relationship between hydrophobicity, advancing contact angle (θa), and the magnitude (K) of

hydrophobic force.  In general, K increases as θa increases and does so abruptly at θa=90o.  At the

same time, the acid-base component of the surface free energy (γS
AB) decreases with increasing

θa and K.  At θa>90o, γS
AB approaches zero.

Based on the results obtained in the present work a mathematical model for the origin of

the hydrophobic force has been developed.  It is based on the premise that hydrophobic force

originates from the attraction between large dipoles on two opposing surfaces.  The model has

been used successfully to fit the measured hydrophobic forces using dipole moment as the only

adjustable parameter.  However, the hydrophobic forces measured at θa>90o cannot be fitted to

the model, indicating that there may be an additional mechanism, possibly cavitation,

contributing to the appearance of the long-range hydrophobic force.
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