Synopses of the International Tribology Conference
Nagasaki, 2000

ADHESION FORCESBETWEEN MICA SURFACES
IN UNDERSATURATED VAPORS OF HYDROCARBONS

H. MATSUOKAZ, T. KATO? and S. FUKUI*
! Tottori University, JAPAN
2 Mechanical Engineering Laboratory, JAPAN

INTRODUCTION

Miniaturization of machine elements, especially of informa-
tion systems, has become remarkable with the progressin technol -
ogy in recent years. In micromechanical systems, surface forces,
e.g., van der Waalsforce[1, 2] or meniscusforce [3], which have
been neglected in the conventional and relatively large mechani-
cal systems, become important and have considerable effect on
their dynamic characteristics.

In this study, adhesion forces between mica surfacesin under-
saturated vapors of several kind of hydrocarbon liquids are mea-
sured as afunction of the relative vapor pressure of the liquids.
APPARATUSAND SPECIMENS

The apparatus used is shown schematically in Fig. 1. Adher-
ing surfaces arein acrossed cylinder configuration. Cleaved mica
isglued on the two cylindrical lenses (A, B) which are supported
by parallel leaf springs. The parallel spring which supports the
cylindrical lensA is displaced by the adhesion force and the dis-
placement of the spring is measured by a high resolution non-
contact capacitive displacement sensor. Movement in X direction
between the cylindrical surfaces can be applied by an elastic stage
which isdriven by a piezoelectric actuator and can realize smooth
movement of thecylindrical surface. Thegpparatusisput in acham-
ber in which the vapor pressure of aliquid can be controlled. The
experiments are carried out in room temperature (about 25 °C).

The hydrocarbon liquids used for the vapor atomosphere are
n-hexane, n-octane, n-decane and cyclohexane.
EXPERIMENTAL RESULTS

Measured adhesion forces F_, as afunction of relative vapor
pressure p/p, of each liquid are shown in Fig. 2, where p, is the
saturated vapor pressure. The adhesion force under the dry condi-
tion (<) can be explained by the JKR theory [4]. It isfound that the
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Fig. 1 Experimenta set up shown schematically
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adhesion force decreases gradually and becomes constant value
withincreasein the relative vapor pressure. The constant value of
the adhesion force corresponds with the meniscus force generated
by the Laplace pressure at the surface energy of each liquid, which
means that the meniscus shows macroscopic bulk property.
Relation between the nondimensional adhesion force ", and
nondimensional Kelvinradiusr, /o, isshowninFig. 3, whereF"_,
= (F-4mRy )/(3MRy.-41Ry, )+1, R radius of curvature of the cy-
lindrical surface, v, : surface energy of liquid, y, : surface energy
of solid, r, =-y, VIRTIn(p/p,): the Kelvinradius, V : volume per 1
mol, R : gas constant, T : temperature, g, : average diameter of
liquid molecule. Notethat F*_, = 1 when the adhesion force F _ is
equa to the meniscus force by the macroscopic Laplace pressure
andF"_, =2whenF_, corresponds with the KR theory. It isfound
that cyclohexane which has cyclic molecular structure shows bulk
property at small Kelvinradius (r, = g, ), but with respect to the
liquids whose molecular structureislinear chain, relatively large
memiscusradius (r, > 20, ) isrequired.
REFERENCES
[1] E M. Lifshitz, Soviet Physics JETP, 2 (1956), 73-83.
[2] J. N.lgradachvili and D. Tabor, Proc. Roy. Soc. London, Ser. A,
331(1972), 19-38.
[3] H.K. Christenson, J. Colloid Interface ., 121 (1988), 170-178.
[4] K.L.Johnsonetd., Proc. Roy. Soc. London, Ser. A, 324 (1971),
301-313.

Z T T T T
4.0 e

e Ty KR theory < dry A n-decane

5 3.5 e n-hexane  x cyclohexang |

@ .
L L N o n—octane

5 X oA A A .

g 3.0r% Ox°° o’ s 5 L= meniscusforce ’
2 250 P BB i 3 Xpx XX XX
o .0.0 o A KQ
9 e ® O 0 o —P—-0-]
g 2.0 c e, o —*—o— -
< 15 L L 1 I

0.0 0.2 0.4 0.6 0.8 10

Relative vapor pressure, p/p,
Fig. 2 Adhesion force as afunction of relative vapor pressure
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Fig. 3 Nondimensional adhesion force and Kelvin radius



