EFFECTS OF SURFACE PROPERTIES OF THE CONDENSATE
ON THE CONDENSATION COEFFICIENTS OF ALKALI METALS

N. N. Kochurova UDC 536.423.4:532.6

It is shown that the condensation coefficients for alkali metals can differ appreciably from
unity if impurifies are present.

The condensation coefficient f defines the proportion of incident vapor molecules that will actually
condense on the surface: this is governed by the activation energy at the vapor-condensate interface (Fig.

1) [1].

We derive f as the probability of passage of a molecule through a potential barrier of height € via
statistical mechanics [2], which gives

f > ) ()
~exp [ ——].
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This ftendstodetermine the condensation rate; it is itself determined by the surface state of the con-
densate and the interaction of the condensing molecules with the surface.

It is often difficult to calculate f because we lack evidence on the surface structure and the nature
of the interaction.

The f for water is very dependent on surface properties; water is highly polar, and the molecules
are oriented at the surface. Nonequilibrium states can arise during orientation; the surface tension in-
creases and so does f [1]. It has been found repeatedly that surfactant films retard the evaporation of wa-
ter; they reduce the surface tension perhaps to 28 dyne/cm [3] and reduce f by 10-60%. Some adsorption
layers (e.g., a monolayer of a 0.01% of hexanol) may increase the evaporation rate, however.

Liquid alkali metals belong to the class of simple liquids; the molecules are nonpolar and spherical-
ly symmetrical, and one does not expect any special surface properties. However, the metals react
vigorously with oxygen and attack their containers, taking up other elements toformalloys. Alkali metals
also often contain impurities; for example, Na usually contains K, etc. These impurities affect the surface
structure and energy.

a - b

Fig.1l, Physical model for the determination of the
condensation coefficient: a) activation energy at € = 0;
b) activation energy at € # 0; I) condensate; II) vapor.
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r It has been shown [5] that the surface tension of
961 — sodium at 260°C can be reduced by about a factor 2 by
15 e 0.034 wt. % oxygen, while 50% potassium in sodium
04 g (at 250°C) reduces the surface tension by a factor of
a3 : 1.5 or so. The surface tension may be expected to

\\ influence f.
5 7 = ~ ;
o 0 0 0 0’ p The mechanical state of any inhomogeneous sys-~

tem is defined by specifying the pressure tensor P for
each point in the system, For a planar layer of finite
thickness 7, the mechanical work of deformation OW

is determined by Py, the normal component of the
pressure tensor, which is constant in this system, and
by the surface tension o [6]:

Fig.2, Condensation coefficient of sodium
containing 0.034 wt. % oxygen as a function of
pressure (mm Hg).
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— q o A l\‘
_ o "LW b ** up by one molecule on the surface of the condensate,
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3 f°§ We have Ag = 0 and f = 1 if the condensate con-
4 . . sre . .
4 ++ : tains no impurities, but f can differ appreciably from
I .
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Figure 2 shows f for sodium containing 0.034 %
2L oxygen, as calculated from surface tension data [5]; £
0% " 10° y
p decreases as the pressure increases, as is usual for
Fig.3. Comparison of experimental data and condensing vapors [8].
tlhe rlisug{tbS. (;f cal.c;lla;mx;sz): _1;5) ;{1’ .6;9) 112&;. It is usually found [9] that f does not differ sub-
0, 13 ) 6 ’14) .[i]’ 1’8 .)9[ ]1’5 _) 1[0 ]’16)- [11]’ stantially from unity in condensation tests at low tem-~
51)7[ I; 6) [141; 7) [18]; 9) [15]; 10) [16]; 11) peratures, because the impurity content in the con-
(. denser is much lower than that in the boiler.

Figure 3 compares the f reported for pressures of 10-2 to 10° bar; the broken line shows f as a func-
tion of pressure as derived by extrapolating the results of Fig.2, The values calculated from (1) for 0.034
wt.% oxygen in the condensate fall in the range of f reported by various workers. It should be borne in
mind that this oxygen content is close to the level at which the experiments might be done.

The comparison between experiment and theory in Fig.3 is very crude, since it is necessary to know
the impurity content of the metal in the condenser in each particular case.

The results from (1) and (3), together with tests, show that f =1 is to be expected for a pure alkali
metal, but that f may differ considerably from 1 if there are impurities.

To determine f in any particular case it is necessary to know the exact impurity content of the liquid
metal in the condenser; in addition, data on the effect of impurities and temperature on the surface tension
are necessary.

NOTATION
f is the coefficient of condensation;
€ is the height of the potential barrier (activation energy for condensation);
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k is Boltzmann's constant;
T is the temperature of the vapor;
W is the mechanical work of deformation;
v is the volume;
A is the area of the surface discontinuity;
P is the pressure tensor;
Py  is the normal component of the pressure tensor;
PT  is the tangential component of the pressure tensor;
g is the surface tension;
S is the area occupied by one molecule on the condensate surface;
M is the molecular weight;
N is Avogadro's number;
Y is the specific weight;
p is the vapor pressure.
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