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Helium contamination through polymeric walls 
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The concentration of impurities in helium gas is an important parameter for a recovery and liquefaction plant. A low level of impurities is necessary to maintain 
an optimum liquefaction rate in any kind of liquefier. The main origin of the impurities is the contamination with air that enters the helium mainstream at some 
point in the recovery cycle. The main sources for impurities in a helium recovery plant, and propose the way to reduce it will be presented. 

Theory 

He liquefaction plant 

General Liquefaction-Recovery helium plant picture. Main elements: Instruments 
or cryostats, transport Dewars, a gas bag, a compressor, He high pressure 
bottles, a system to purify and a system to liquefy the helium 

Helium Impurities Content 
To characterize the impurities trapping of a recovery 
plant, a general measurement was realized with gas 
chromatography instrument from GOW-MAC, Model 
295R DID. 

Permeation is the process by which a gas 
passes trough a solid material. 

When the gas bag height reaches a programed value, the  
compressor starts automatically and the helium is  stored in the 
bottles at high pressure. The oxygen concentration is measured in 
real time. 

 The diffusion of gases through polymeric walls has a relevant effect in a helium recovery plant, it is the most important mechanism for the 
helium contamination. 

 The gas bag is a constant source of impurities in the plant. 
 The election of the gas bag dimensions is determinant in the purity of the recovered helium, the size must be the smaller possible 

compatible with the requirement of the plant. 
 The helium purity in a recovery system is highly dependent on the materials used for the connexion between the Dewar or instrument and 

the recovery line. 
 Using silicone hoses the contamination could be increased thousands of times, the use of natural rubber with larger thickness provides 

better results, but are insufficient to reach the high purity possible. 
 The optimal recommended procedure is to use metallic pipes in all the points of the recovery circuit. 

 Identify and measure the main impurities sources in the helium recovery circuit.  
 Study ways to reduce or eliminate the entry of impurities. 

Gas Bag Characterization 

 Blue line: 
metallic pipes 

 Blue dashed line: 
Liquid helium 
transfer 

 Red line: Helium 
gas polymeric 
connection pipes 
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Different pipes ,with different geometries  have been analyzed with a 
He flow of 0,4 (sL/mn), typical value for the evaporation rate  in a 
transport Dewar 

Oxygen contamination dependence with the helium flow: Silicone pipe with 
length 2 m, diameter 16 mm and thickness 3mm 

From Eq. [2], flow of O2 through the polymeric wall FO2=9,17·10-5 (sL/mn), this  is 
a constant source of contamination. 
From  Eq. [1],  the Silicone permeability for O2 is  K=214,91·10-15  (m2s-1hPa-1) 
 

The difference composition 
ratio N2/O2 is due to the 
different permeation 
behaviours of nitrogen and 
oxygen though polymers. 

Composition of the recovery helium in the liquefaction 
plant of the University of Zaragoza (a) Total composition 
(b) Detail of the composition of the impurities 

N2/O2=3.73 

N2/O2=1.70 

𝐹𝐹 = 𝐾𝐾 𝐴𝐴∙∆𝑃𝑃
𝑑𝑑

                  [1] 

Where F is the flow rate of a gas through a 
barrier of thickness d and cross-section 
area A under a pressure difference ∆P.  
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𝑝𝑝𝑝𝑝𝑝𝑝[𝑂𝑂2] =
𝐹𝐹𝑂𝑂2
𝐹𝐹𝐻𝐻𝐻𝐻

∙ 106 [2] 

The experimental measurement is the 
volume concentration of Oxygen in ppm; 
this magnitude can be related with the 
FO2

 though the polymeric wall (FO2
<<FHe) 
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Gas Bag 

Recovery Pipes 
Silicone 

Diameter = 16 mm 
Thickness = 3 mm 

Natural rubber 

Diameter = 22 mm 
Thickness = 6 mm 

Polyurethane 

Diameter = 8 mm 
Thickness = 1 mm 

Stainless Steel Flexible 

Diameter = 28 mm 
Thickness = 1 mm 

Measurement System 
This work is focused in the analysis of the 
O2 concentration in the helium. 
The measurement system is a Zirconia 
based sensor(SERVOMEX: Servopro 
Multiexact). 

Gas Bag fabricated in J-22 
material, a modified vinyl based 
polymer, including up to 3% 
polyvinylidene chloride, and 
polymeric non-migrating 
plasticizers. This material has a 
permeation coefficient K for 
helium of 644,7·10-15  (m2s-1hPa-1) 
at 37ºC and 14,9 hPa pressure 
differential. 

Different possibilities to the connection of instruments and Dewars to the recovery line.   
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From Eq. [2], the flow of O2 through the polymeric wall is FO2=1,43·10-3 

(sL/mn), this  is a constant source of oxygen that contaminates the 
helium plant. 
From  Eq. [1],  the J-22 permeability for O2 is  K=9,20·10-15  (m2s-1hPa-1) 

Polymeric Pipes Characterization 

Material L(m) ppm(O2) K(10-15m2s-1hPa-1) 
Silicone 0,5 62,5 234.4 
Silicone 2 266 249.4 
Silicone 4 631 236.7 
Natural Rubber 2 2.13 2.90 
Natural Rubber 4 3.07 2.09 
Polyurethane 2,6 1.07 0.51 
Stainless Steel 
Flexible 

2 0.5 - 

Test for different flows Characterization of different materials 

Experimental setup 
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Oxygen 
36.94% 

Nitrogen 
63.01% 

CO2 
0.05% 

Composition Impurities of Recovery 
Helium 

(b) 

Helium 
99.92% 

Impurities 
0.08% 

Composition of Recovery Helium (a) 

Nitrogen 
78.09% 

Oxygen 
20.95% 

Ar 
0.93% 

Others 
0.038% 

Composition of Earth's Atmosphere 
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