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SURFACE ENERGY MEASUREMENTS OF COMMINUTED SILICATES: 
IMPLICATIONS FOR COSMOCHEMICAL PROCESSES 

R. Voelkel and R. E Giese, Department of Geology, and C. J. van Oss, Departments of Microbiology and 
Chemical Engineering, State University of New York at Buffalo, Bualo, NY 14260. 

Interactions at the surfaces of very small particles are fundamentally related to cosmochemical processes. 
Greenberg [I] and others state that some interstellar grains typically are sub-pm , amorphous silicate particles 
which act as "seedlings" onto which gaseous atoms and molecules are adsorbed creating core-and-mantle grains 
of volatile, particularly organic, molecules [Z]. Likewise, scenarios proposed for planetary formation assume an 
adhesive process which commenced particle flocculation in what Dodd [3] refers to as "some means of. ..getting 
the first few grains to stick together" when they are too large to be held by static electrical forces and too small to 
have appreciable gravitational fields [4]. Recent research into interfacial phenomena of very small particles has 
led to innovative methods of measuring surface energy components for powders and fikrs. One application of 
this line of research currently involves examining the total interaction energy of cohesion of volcanic ash, in liquid 
media, to predict the potential for this material to form massive mudflows [q. In extending the application of 
these same techniques to non-terrestrial phenomena, the surface thermodynamic properties of several common 
silicate minerals were measured using the thin-layer wicking method. The free energy of cohesion between 
particles was then calculated from the surface thermodynamic properties. 

Enstatite (MgSi03), forsterite (Mg2Si04), quartz (Si02), and antigorite (Mg3Si205(OH)4) were incre- 
mentally comminuted by percussive grinding for 15, 30, 60, 120, 240 and 480 minutes with the dual purpose 
of characterizing changes in surface properties in response to progressive crystal structure disorder and creat- 
ing materials analogous in certain respects to refractory constituents of the interstellar medium. The choice 
of silicate minerals was based on assessments of primitive materials drawn from a review of recent cosmogony 
literature, d e s m i d  in [6], plus a desire to examine a variety of silicate structure types. However, particles cre- 
ated during this study are not presumed to be realistic physical analogues of conditions, processes or materials 
which preceded solar system formation. Rather, data and conclusions drawn from this work are intended to 
complement present models of particle interactions. 

A detailed discussion of the theoretical basis for the thermodynamic property of condensed systems is given 
by [I .  The total surface free energy of cohesion ( A G : ~ ~ )  of a given (non-metallic) material, i, is given by: 

where ylLW and yfB are the surface tension components of the apolar Lifshitz-van der Waals (LW) and the polar 
Lewis acid-base (AB) interactions, respectively; the AB component is determined by two parameters, one for 
the electron acceptor, y> and the other for the electron donor, ye, related by 7AB = 2 m .  The surface 
tension components and parameters of a solid material, 7;w, y,$, and 72, can be determined from measurements 
of the contact angles, 0, of drops formed by a series of test liquids, whose surface tension components are already 
known, deposited on a smooth surface of that solid. The contact angles and the surface tension components are 
related by the Young equation: 

However, for many materials, including the powders analyzed for this study, it is not possible to obtain a smooth, 
non-porous surface upon which to measure contact angles directly. Instead, an indirect method, referred to as 
thin-layer wicking, is used to determine the contact angle values. In this method, measurements of height as a 
function of time are made for a series of test liquids as they rise through a thin layer of the powdered material. 
The contact angle of a particular liquid on the solid is given by the Washburn equation [8]: 

ty, RcosB h2 = 
27 

where h is the rise of the liquid in time t through the powdered substrate, R is the effective pore radius of the 
powder being measured, 7, is the total surface tension of the liquid, and r]  is the viscosity of the liquid. 
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Mineral Grinding Time 7 Lw 7" ye AG:~. BET 
min mJ/m2 mJ/m2 mJ/m2 mJ/m2 m2/g 

antigorite 15 31.43 0.0 25.2 -62.86 36.08 
120 33.21 0.0 19.85 -66.42 33.58 
480 33.75 0.0 40.89 -67.50 16.27 

enstatite 15 43.04 0.0 40.41 -86.08 5.81 
120 39.41 0.0 38.17 -78.82 8.42 
480 39.09 0.0 34.31 -78.18 7.71 

forsterite 15 36.48 0.15 35.88 -82.24 1.99 
120 33.35 0.23 25.58 -76.40 5.78 
480 33.66 0.0 29.66 -67.32 8.93 

quartz 15 39.81 0.0 46.70 -79.62 1.77 
120 46.47 0.0 53.52 -92.94 5.46 
480 33.39 0.0 32.84 -66.78 13.26 

XRD analyses showed increasing crystal structure disorder of all comminuted silicates; SEM examinations 
revealed particle sizes approaching colloidal (<2 pm ) dimensions. BET surface area measurements were also 
made as a function of grinding time. The measured surface tension values (see the table) show that the silicate 
minerals examined (in common with most oxides materials) are primarily Lewis bases and the magnitude of the 
Lewis basicity, ye, is strongly influenced by grinding. Vilues for the free energy of cohesion, AG:;" (which is 
strongly dominated by LW forces, see table), range between -63 to -92 mJ/m2. For small plate-shaped particles 
having a contactable surface area between particles as small as 10-l2 em2 there is an energy of attachment of 
-1575 to -2150 KT per particle pair, in vacuo, sufficient for adhesion to occur readily. The energy of attachment 
will still be on the order of 15-20 kT for particles having a contactable surface area as small as 100 A2. Thus, 
there seems little difticulty in getting small silicate particles to adhere to each other; the adhesion is a natural 
consequence of interfacial thermodynamic interactions. The analysis to this point assumes that there are no net 
electrostatic charges on the particles. If the particles are electrically charged (with the same sign of charge), with 
a surface potential of, say, 25 mV, particles larger than about 0.1 pm can repel one another electrostatically with 
sufficient strength to obviate further attachment by means of the LW forces. When particles occur with opposite 
charges (either on the same particle, as in kaolinite [9], or on different particles), much larger agglomerates can 
occur, due to the electrostatic attraction. 
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