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Introduction: It has become increasingly 
clear over the past decade that high 
temperature processes played important roles 
in the Primitive Solar Nebula. Unfortunately, 
basic data, such as the vapor pressures of Fe, 
Ni, Co or SiO have not been measured over 
the appropriate temperature range (near T ~ 
2000K), but must be extrapolated from lower 
temperature measurements often made more 
than 50 years ago.  The extrapolation of the 
available data to higher temperatures can be 
quite complex (e.g., see [1] for SiO vapor 
pressures) and can depend on other factors 
such as the oxygen fugacity or the presence of 
hydrogen gas not accounted for in the original 
measurements.  Moreover, modern 
technology has made possible more accurate 
measurements of such quantities over a wider 
temperature range.  We have acquired a 
commercial Thermo-Cahn 
Thermogravimetric system capable of 
vacuum operation to 1700C and measurement 
of a 10g change in sample mass using up to a 
100g sample, with microgram accuracy.  With 
this new system we have initiated a series of 
basic vapor pressure measurements on simple 
metals such as Fe[2] and Ni[3] with the 
intention to extend such measuremnts to more 
complex systems once we gain sufficient 
experience. 

Experimental Procedure: We 
constructed a very simple effusion cell using 
closed-end alumina tubes as starting material. 
We bored a tiny hole (~ 1mm) near the top of 
a small (6mm O.D., 25 mm in length) tube 
very near to the closed end.  We then inserted 
this tube, open end first, into a 30 mm long, 
10 mm O.D. closed end tube that acted as our 
new crucible. The pair of tubes used to make 

the effusion cell were chosen to provide a 
relatively snug fit between the outer wall of 
the inner tube and the inner wall of the outer 
tube.  This ensured that the small hole in the 
top of the cell was the primary avenue of 
escape for the hot vapor.   

The effusion cell has the advantage that 
the vapor pressure within the cell is quite easy 
to calculate, provided that the diameter of the 
hole is known accurately.  We do not need to 
calculate or estimate thermal accommodation 
coefficients or otherwise model the vapor-
liquid interface.  The mass loss rate from the 
cell is directly proportional to the vapor 
pressure in the tube provided that this vapor 
remains in equilibrium with the bulk metal.  
Although one might first assume that the 
smaller the effusion hole, the more accurate 
the measurement, this is not true.  First, a very 
small diameter hole is difficult to measure 
accurately and results in a very small mass 
loss rate from the cell.  Both of these factors 
increase the uncertainty in the measurement.  
Second, at low vapor pressures and using a 
small diameter hole, the leak rate from 
between the walls of the concentric alumina 
tubes begins to be significant compared to the 
rate of effusion through the hole. The obvious 
solutions are to either use a larger diameter 
hole or find a way to slow the leak rate 
between the concentric tubes.  Unfortunately, 
if the hole in the effusion cell is made too 
large, then the vapor pressure within the cell 
drops below equilibrium as more vapor is lost 
than can be replaced from the metal surface.  
We now seal the tube interface using high 
temperature ceramic cement in order to 
achieve a lower ultimate working pressure. 
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Initial Measurements of Cobalt: Given 
the caveats noted above, we chose a hole-
diameter of roughly 1 mm for our first 
measurements of the vapor pressure of cobalt 
using the effusion cell. See Figure 1, below. 
 

 
 
Figure 1. The vapor pressure of Cobalt metal 
from 1500K to 2000K measured in vacuo. 
 

Our measurements of Cobalt vapor 
pressure fall nearly on the line predicted in 
Hultgren [4], one of the best standard 
references on the vapor pressure of metals 
and in an older reference [5].  This is in 
contrast to our previous measurements of the 
vapor pressure of Fe [2] and Ni [3] that were 
considerably less volatile than expected. We 
expect to make several more extended 
measurement runs on Cobalt at different hole 
sizes for the Knudsen effusion cell, though 
we do not expect the results shown in Figure 
1 to chang significantly. 
 Once we are certain that our results 
are as accurate as we can make them with our 
present methodology we will compare these 
results to our previous Ni and Fe results.  A 
preliminary assessment is that both Nickel 
and Iron are considerably less volatile than 
expected (by almost a factor of 2) while 
Cobalt is about as one would predict based on 

previously obtained data and analyses.  This 
might have some interesting implications for 
studies of metal nuggets in primitive 
meteorites. 
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