
 
Chromatography is the study of separating gases by 
passing them through an absorbing material, like 
charcoal, with a carrier gas such as helium.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
However, for the sake of efficiency, it is essential that 
large amounts of gas be input at a time, thus saturating 
the binding sites on the charcoal absorbent. Under 
saturation, gas that otherwise would have been absorbed 
passes through much more quickly.  Under the saturated 
regime, the well-studied model no longer accurately 
predicts the results. 
 

The goal of removal is to have the last of the krypton 
leave the column before the first of the xenon, hence 
separation.  This project is intended to: 
 

1. Develop a system capable of studying the flow and 
diffusion of gases 

2. Optimize the removal process with a model that 
includes chromatography under saturation 
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Liquid xenon experiments are becoming more prominent as a viable 
way to search for dark matter.  In these experiments, it is important 
to use liquid xenon free of any radioactive impurities, specifically 
krypton.  Since xenon of necessary purity is not available 
commercially, the krypton must be removed in laboratories, in our 
case by a process using chromatography.  The removal system is 
generally saturated with large amounts of the mixture to expedite 
the process.  Under this scenario, the process no longer follows the 
well-studied model.  A setup has been constructed to study the 
chromatography within the saturated regime with the ultimate goal 
of producing a model that can be utilized during the production 
phase of future liquid xenon dark matter experiments. 
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Data is being taken to study the separation of xenon and 
krypton under saturation.  This data will be used in the 
coming weeks to further understanding of the transit 
times and diffusion of the gases through the column and 
eventually to model the separation under saturation.  
Variables to be studied include: 
 

• He gas flow rate 
• Xe/He mass ratio 
• Charcoal mass 
• Column geometry 
• Temperature dependence 
 
 

The construction of this system represents a significant 
step towards better understanding the necessary 
separation under saturation.  The system which I have 
constructed is specifically designed to be able to take 
data on all of the parameters mentioned above with the 
intention of determining how they affect the diffusion of 
gas through a column.  In addition, I have established 
computer control over all of the relevant devices such 
that a program can be written to cycle through the 
variables in question. 
 
It is the hope that future experiments can use the system 
I have developed to further study the separation process 
under saturation with the ultimate goal of creating a 
model by which to optimize the process of removal. 
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Results 

Conclusions 
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A system capable of studying the separation of krypton and xenon 
under saturation has been designed and constructed.  It has been 
designed for the task of studying primarily the effects of flow rate 
and mass ratios on the separation with the ability to be easily 
modified for future study of the effects of total charcoal mass and 
column geometry.  The system can be entirely computer controlled 
and is integrated into the existing lab system.  The relevant data 
regarding separation is taken using a residual gas analyzer (RGA) 
which determines the amount of a given gas exiting the column. 
 
 

Methods 

A diagram of the system I have designed and built for the purpose of studying the separation 
of xenon and krypton when flowed through a column of charcoal at controlled flow rates and 
compositions using a helium carrier gas. 
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Example of separation as shown from previous experiments studying chromatography 
of a 56g charcoal column at 5.6 cc/s He, Xe/He=0.10, and Kr/He=0.016.3 

Xenon and krypton will pass 
through at different speeds 
due to different absorption 
constants while the helium 
will pass through relatively 
unaffected.  The separation of 
two gases by chromatography 
is extremely well studied.  An 
example of this for xenon and 
krypton is shown below. 1  
 

Paper chromatography is similar. In 
this case the paper is the absorbent 
with the water acting like the carrier 
gas.  The various colors show 
different absorption levels for 
different materials.2 
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