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Introduction: 

There are large, daily variations of the humidity of the Martian atmosphere. The water has to come from somewhere and the clays on mars may be the source. Since clays have a large specific surface area, they can adsorb a large amount of water [1].
My project is to model the adsorption kinetics of substitute Martian clay under Martian conditions. The Martian atmosphere is achieved in the Andromeda Chamber. The Andromeda Chamber is a 0.6 cubic meter container that can maintain a 95% CO2 atmosphere at 7 millibars with temperatures between -20° to 4° Celsius.

Methodology: 
The clay needs to be completely dried out before running the samples. The 10 gram samples of clay are placed in a vacuum oven at 100 degrees Celsius with a back pressure of 33 millibars. The clay is cooked for 24 hours then placed in a desiccator and frozen for another 24 hours. The mass of the sample is taken before and after every step.
The sample is placed in the Andromeda Chamber at mars conditions: 7 millibars, 95% CO2 atmosphere -10° to 4° Celsius. The relative humidity is kept at a given constant ranging from 5% to 80% during the run. The water adsorption rate is measured by measuring the mass of the sample with a balance during the run. The first 20 minutes is allotted to letting the balance adjust to the pressure. Then data is taken for 4 hours to allow the sample to reach steady state. The balance does not work below -10° C so data cannot be taken at those temperatures.
In order to get the humidity in the chamber at a desired level, a 3 inch diameter cup with 50 to 500 milliliters of water is placed in the chamber before each run. The water is removed before running the sample.

The sample is placed in a 6 inch diameter Petri dish during the run. The 10 gram sample of clay is just enough to cover the bottom of the dish. The sample is made as thin as possible so that diffusion of the water vapor through the clay will not interfere with the adsorption process.
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Figure 1: This was a 10.11 gram sample that ran for 4 hours at 0° Celsius. It is a measurement of the mass of water adsorbed over the mass of clay as a function of time.
The data is put into a program named Orgin. Orgin uses the equation [2].
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Equation 1: Theta is the ratio of area on the clay with a water molecule, over the total area of the clay. 
Using the specific surface area of the clay, 1.05 ± 0.2 x 105 m2kg-1, and the data, Orgin can numerically extract the adsorption kinetic constant ka and the desorption kinetic constant kd. 
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Figure 2: This is a graph of the different adsorption kinetic constants vs the relative humidity.
The theoretical model for the adsorption coefficient ka is [2].
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Equation 2: Rh is the relative humidity, M is molar mass, R is ideal gas constant, T is temperature, and Ea is the activation energy for adsorption.


From the graph we can see that the adsorption coefficient is acting as expected for increasing humidity. However, much more data is required to do a proper fit of the equation to the graphs.
Langmuir’s Isotherms:
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Figure 3: This is a graph of the Langmuir Isotherm applied to my data. The graph is of 1/θ vs 1/ph2o


Theta is the area on the clay taken by water over the total area available on the clay. ph2o is the partial pressure of water. The Langmuir Isotherm only works when there is a single monolayer of water molecules on the clay.
Langmuir’s Equations:
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Equations 3, 4, 5: α is the adsorption constant, pH2O is the partial pressure of water, m is the mass of water adsorbed over mass of clay, ρH2O is the density of water, l is the thickness of one monolayer of water molecules: about 3e-10 meters, and As is the specific surface area of the clay [2].

Langmuir’s isotherm is only for a single monolayer of water molecules on the clay. When the humidity is high, multiple layers of water molecules start to form on the surface. This can be seen in the graph where 1/PH2O is small. The linear fit for the monolayer is the isotherm, while the linear fit for the multiple layers is just to illustrate how the isotherm fails at high humidity, low 1/PH2O [2].

From that linear fit of the monolayer and matching it with Langmuir’s isotherm we can recalculate the specific surface area of the clay, which comes out to be. As = 74,520 m2 kg-1.
BET Theory:

The BET theory can be used for the data points with multiple layers of molecules on the clay [2].
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Equation 6: V is volume per kilogram of water adsorbed, RH is the relative humidity, Vm is the maximum of volume per kilogram that can be adsorbed, and c is the adsorption constant in the BET theory.
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Figure 4: This is a graph of the BET equation (equation 6) applied to my data.

Vm and c can be calculated by comparing the linear fit to the BET equation. Then with Vm, the specific surface area of the clay can be recalculated again [2]. As = 62,385 m2 kg-1. This is fairly close the specific surface area that was calculated using the Langmuir isotherm. 

Conclusion and Future Work:
The data so far has mostly shown to follow the trends that where expected by the theoretical models. However the values for kd which where not discussed in this paper often came out to be negative, which should not be the case. Using the recalculated specific surface area of the clay and the actual adsorbed water volume per kilogram V, we can go back and figure out the exact number of monolayers for each run, which should provide better results. Along with reworking the data, much more data is also needed to provide a better model of the adsorption kinetics.
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