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Gas chromatographic measurement of the permeability of PTFE, PVC, 
polyethylene and nylon tubing towards oxygen and nitrogen 

The pcrmcability of PTlX towards a number of compounds is well known1 
and has been used in the generation of primary standard gas mi.xturcs9~3, the con- 
struction of a gas cllromatograph-mass spectrometer interfacc61 and the development 
of a selective polarogralhic osygcn sensc&. The permeability of PTFE towards 
oxygen ancl nitrogen has been measured by gas clironiatograpl~y~~. 

Iii view of the availability of the apparatus clescribcd in a previous paper’, it 
was possible to use the same method as described by IiOPlJR” to invcstigatc the 
permeability towarcla osygen ancl nitrogen of a number of polymeric tubing materials. 
In essence, the metliocl consists of switching a sample 10013, made of the polymeric 
material unclcr investigation, by means of a sis-port switching valve in and out of a 
carrier gas stream lea&g to a cl~romatogral~l~ic separation column. The compounds 
that diffuse into the polymeric tubing from the surrounding atmosphere can, l.>y 
switching the valve, thus bc led into or withclrawn from the carrier gas stream, after 
which separation on tlic clironiatogral~liic column occurs and a frontal cliromatogram 
is obtained. 

The influence of the tcmpcraturc aiicl lcngtli of the tubing ancl the total pressure 
inside the tubing on the diffusion rate of OS?;~CII ancl nitrogen into the tubing u’as 
invcstigatcd, 

PTI;E tubing of 4 mm I.D. x G mm O.D., PVC tubing of 4 x ci mm, poly- 
ethylene tubing of 4 x 5-8 mm and nylon tubing of 4.9 x 6.22 mm were obtained from 
Teclmisch Handel+ en Adviesbureau “Rubber” (Hilversum, The Ncthcrlancls) ancl 
used as sample loops U*7. Helium (Air Liquicle) was used as carrier gas to flush the 
+ubing. Oxygen and nitrogen were determinccl by frontal cllromatogral~l~y on a 
column containing a molecular sieve (Linclc 4A) of I m length and 4 mm I.D. 
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Fig, 3. Plot ilY in Fig. I, for polyctllylcnc. 

NOTES 

The switclling vnlvcs used (Vnlco VSV-GEL?‘) wcrc iml~ermenble towards 
osygcn ancl nitrogen. This impermeability was tested by using copper sample loops, 
The detector was a Icatliaronietcr (Scrvomex hII< r#/CX 197). 

The tcmlxrature range used was 50-125 “C. Tllc length of the tube used as 
sample loop varied from 25 to 100 cm ancl, as espectcd, was found to hczve no effect 
on the measured cliffusion coefficient. ‘I%2 prcssurc of helium insicle the tube also 
had no significant effect, as cnn be seen from Table I for PTIX at 75 “C. ‘l’hc diffusion 
rates, 07, are given in millilitres of gas at 25 “C and I bar passing through the tube 
wall per second ~ncl per rnetrc length at a prcssurc gradient across the tube of 1 bar 
for each compound (0, or NJ. 

Averages of five measurements were tiken. The resulting standard deviation 
in the diffusion rate was z-30/0, 

In aclclition, Table II gives tile corrcsponcling flow-rata (ti) at 25 “C and I bar, 
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Fig. + Plot as in Fig, 1, for nylon. 
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together with the sensitivity (S) of the katharomcter for nitrogen, which appeared 
to be practically independent of flow-rate. 

The time rccluii6d to obtain a constant diffusion rate varied from about 2 II 

at 50 “C to 30 min at 125 “C, because, when starting, the tubing material is saturated 
with oxygen and nitrogen and, clue to the finite cliffusion constant, time is required 
to establish a constant concentration gradient in the tube wall. 

Figs. 1-4 show the results for the various polymers. It can by clearly seen that 
nylon is by far the least permeable polymer towards oxygen and nitrogen, Also, with 
nylon the diffusion rate for nitrogen is greater than that for oxygen. In all other 
instances, at least within the temperature range used, the opposite applies, 
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