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RESUMO -NOTAS /ABSTRACT - NOTES p

This paper considers that aerospace vehicles
friction drag reduction could result from the use of external
surfaces with atomic level smoothness, obtained by epitaxial
grow processes. The adsorption phenomena, the effects of the
substratum atomic structure on adsorption forces and the
dynamics of the gas-solid surface interactions are discussed
in order to identify the adequate material properties for such
an application. It is concluded that some heavy transition
metal halides and dichalcogenides, with "Van der Waals" layered

crystalline structures, represent an adequate starting point
for further research.
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This paper has been presented to the 1 Brazilian Symposium of
Aerospace Techonolgy, Aerospace Technology Institute, S3ao José
dos Campos, 27-31 August, 1990.
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SURFACE POTENTIAL x MELTING POINT
METALIC ELEMENTS
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Fig. 1l Surface potential and melting point correlation.

For the same material however, we may find
different values for surface energies, depending on the
orientation of the surface being considered and on the
material atomic structure.

Low energy surfaces shall leave unfilled the
smallest number of atomic bonds (referred as "dangling
bonds") and preferably shall "ecut" through the weaker
ones.

Since the weaker atomic bonds are those of the
"Yan der Waals" and "Hydrogen" type, low surface energy
values occur in materials such as graphite, mica, tale,
etc., which have layered atomic structures, with only
these bond types acting between the layers.

Unlike hydrogen bonds,
censtant intensities, the '"Van der Waals" bonds can
vary considerably according to the molecule or atom
types which participate in the bonding and they can be
decomposed in three components, all them resulting from
electron cloud asymmetries:

which present nearly

A first component 1is due to
molecular asymmetry {in polar molecules), a second to
the asymmetry induced in atoms and symmetric molecules
by polar molecules and a third by the instantaneocus
asymmetry {('dispersion" forces) inherent to all atomic
electron clouds.

any geometrical

The second and third components are function of
the atom and molecule polarizability, the second being
much smaller than the twoc others and the "dispersion"
component depending also on the number of electrons in
atom outer shell (Kondratiev, 1967).

So surface energies shall be smaller for '"Van der
Wazls" type surfaces of non polar substrata having low
polarizabilities.

Suface Structure. Concerning the effects of the
surface structure on adsorption forces, in a macro
approach, the increase in surface area created by
roughness and porosity result in increased forces, as
verified from adhesion, catalysis and painting
processes.

Although single crystal surfaces provide the
maximum possible "macro" smoothness, they can be quite
"rough" in atomic scale to the adsorbed atoms and mole-
cules.

to study the effects of the surface ato-
mic structure on the adsorption forces, in special on
its tangential component, a simplified numerical model
has been constructed.

In order

In this model the substratum atoms were supposed

fixed at lattice positions (neglecting thermal
motion) and the forces between these atoms and a subs-
tratum surface adsorbed atom, have been assumed to be
derived from a "6-12 Lenard Jones'" potential (Ashkroft,
1976) and so computed as:

to be

f=1/x7 - 1/xl3 9]

with: £=F . RO/ 12 . Fi0 and r = R / RO
where Fi0 and RO are the equilibrium potential and ra-
dius of the substratum and adsorbed atom interaction

and F the interatomic force at distance R.

The resultant force was computed by simple summa-
tion of all the pairwise interaction forces, which is
acceptable for weak interactions.

This simplified numerical model was applied to
HCP, FCC, BCC and Thetraedral lattice substrata and for
three different values: 0.7, 1.0 and 1.4 for the ratio
of the external to the internal (half lattice constant)
equilibrium distances .

From the results, some of which are shown in Fig 2
to 4, it was concluded that:

- The crystal lattice type has a minor influence
on the normal compoment of the adsorpticn force
and so on the adsorption energy, which depends
mainly on the atomic potential parameters values
being proportional to FiO/RO.

-~ That is not the case for the tangential compo-
nent of the adsorption force and hence for the
translatioonal energy of a surface adsorbed atom,
which besides depending on adsorption potential
parameters are also greatly influenced by the sur-
face structure.

- These tangential forces and energies are lower
for some surface privileged directions and are

minimized by closed packed surface arrangements
such as the HCP (000L).
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Fig. 2 Analysed adsorption sites surface geometries,









