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The separation of argon and oxygen is one of the important processes in the industrial 
purification of the constituents of air, and is also one of the most difficult. The basic methods 
used to effect this separation include cryogenic distillation and selective adsorption. 

Several titanosilicates, including ETS-4 [1], ETS-10 [2], and other structures based on 
octahedral titanium units [3], have been recognized for their adsorptive and molecular sieving 
properties. ETS-4, in particular, has been noted for its ability to differentiate molecules by 
size, including the commercial separation of N2 from methane at high pressure. 

In the present communication, we examine the separation of O2 and Ar at room temperature 
using Ba-RPZ, a new synthetic titanosilicate molecular sieve. RPZ is synthesized by mixing 
sodium silicate, NaOH and TiCl3 with potassium chloride. From X-ray powder diffraction 
analysis, it is clear that, like ETS-4 [4], RPZ (Reduced Pore Zorite) is structurally related to 
the mineral zorite [5]. 

A clean resolution of O2 and Ar was achieved in pulse chromatographic experiments using 
Ba-RPZ standard columns (0.25” OD, 3.5 grams of adsorbent), even when the argon content 
was only 10% of the mixture (Figure 1). The argon and oxygen retention times were almost 
identical regardless of the composition of the O2-Ar mixture. In another experiment, using a 
column containing 30 grams of adsorbent and a continuous O2+Ar feed at 10 cm3/min, argon 
breakthrough was detected more than 5 minutes before oxygen breakthrough, even in the case 
of mixtures with low argon content (95% O2).  

Equilibrium adsorption isotherms and isosteric heats of adsorption for oxygen and argon were 
found to be almost identical at room temperature. The thermodynamic selectivity was found 
to be mildly in favor of oxygen (~ 1.1 – 1.2). However, the adsorption of oxygen was 
observed to be much faster than argon (Figure 2), indicating that the separation of the O2+Ar 
mixtures was based on the sieving properties of the adsorbent and the difference in sizes of O2 
molecules and Ar atoms. This indicates that a suitably oriented oxygen is physically smaller 
than argon, despite the fact that many references assume oxygen is larger than argon. 
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Figure 1. Chromatographic profiles at 30ºC under 30 cm3/min carrier gas helium obtained by 
injecting: a) 50-50% O2-Ar; b) 90-10% O2-Ar; c) pure argon; d) pure oxygen in a column of 
Ba-RPZ, and e) 50-50% O2-Ar in a column of Ba-ETS-4. 
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Figure 2. Adsorption uptake curves for oxygen and argon on Ba-RPZ at 30ºC in the pressure 
step 70-100 kPa. 
 


