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HYDROGEW ISCTOPE FERMEATION IW ELASTOMEETZY MLTEFIALL

R. H. Steinmever
J. D. Braun

Honsanto Research Corporatien, Mound Liboratory

ABETRACT

The permeabilities of elastomeric and polymeric
materials to hydrogen isctopes were mezsared at room
temperature, The technigue for measuring permea-
tion rates is based on the following constant-volume
method: a fixed pressure of gas 1s apslied to one
side of the speclmen to be studied and he permeabii-
ity constant is determined from the obszrved rate of
pressure increase in an initially evacuated valunme
on the other slde of the specimen. Perasahility
constant=s for hydrogen, deuterium, and critiunm wers
measured for Mylar, Teflon, Kapton, Saran, Buna-,
and latex rukher, Results were compares? with litera-
ture values for hydrogen and deuteriun where awvail-
able and zhowed excellent agreement.

Application of exiating tritium technolsgy to fusion
reactors raguires carefunl evaluatioen of a wzriety of materials
gcommonly used in containment systems with rizpect to tritiun
permeation and stabllity in 2 radiation envisonment. One
class of materials of great importance in trs fabrication
and azssenbly of any tritium containment syszTzm is elastomers.
There are many ktypes reguired in assenbling =ven sinple sys-
tems: for example gloveshox gauntlets ¢f varlious types of
rubher, gasket materials of 2 variety of slastoneric mate-
rials, sealing tapes of Tefleoen, plastic fil-s for trash stor-
age. and plastic tents reguired for maintezzace. Tigure 1
zshows & typlcal inert-atmosphere glovebox svztex in & labora-
tory where the effects of tritium on mecharizal proapertieg of
materials are measured. The exXtensive uge -2 slasromers

iz ewvident in this photograph.
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1, Photograph of Typical Glovebox System Showing
Elagtomeric Materials.
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;i Information in the literature on the permeation of hydre.

. gen isotopes through thisg class of matevials is widely
scattered and generally reported for hydrogen only. Soms

f information is available for deuvterium; howeawver, information
oen tritium is necessary bhoth faor design applications (choosing
the proper material for sach system application) and alse for
evaluation of effacts of radiation or exchange reactions on
the materials. For these recazons we have initiated a study
of hydrogen isctope permeation in common elastomerxic mate-

rials.

The initial experimental work was conducted with hydro-
gen and deuterium for design of the apparatus and evaluation
9f the eXperimental technlques. The majority of our current
work is now devoted to the measurement of tritium permeation
through these materiels and evaluation of the effects of
tritium on the properties of these materials. A&As designs
for speciflc systems related to fusion technology are com-
pleted, additional materials will be studiesd to provide the

necessary data for choosing materials of fabrication.

The process of permeation in elastomers generally is
one of salution of the gas molecules on ane surface of
the material, feollowed by diffuszion through the slaztomar
to the other szide where the gas evaporates. The guantity
of dissolved gas in the elastomer is preportisanal tso the
pressura, Eollowing Hanry's law {& = kp), whila FPick's law,
{%%} =D %;% r applied to the actual process of diffusison.
On this assumption the gquantity of permeating gas, g, is
determined by q = Dhh[(pyr-p2)fdlt where

D = diffusdivity,

h = solubility,

A = area of the membrane,

d = thickness of the memkrane,

Fl and pz= pressures on both sides of the membranes, and
£t = time.
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If nnit values arae taken for the difference in ni-pa,
area A, thickness 4, and time £, then ¢ = Dh, where D stands

for the permeahility.

The technique used for measuring permeation ip this
experimental work was baged on the constant-velume metheod.
In this methed a fixed pressure of gas ia applied to one aide
of the specimen to be studied, and the increase in pressure
from the permeation of the gas into an {nitially evacusted
chamber, separated from the fixed pressure side by the apeci-
men, is measured. The parmeability constant © can then be
determined from the ohzerved rate of pressure inerease and
ather parameters related to the permeabirlity apparatus apd
the specimen according te the following relationship:

0 = {Ap) (v (d)273
(AL) (p) (&) {'T)

F essure increase,

time interval of measuremsnt,

fixed gas pressure applied to one side of specimen,
volume of initially evacuated chanber,

thickness of speciman,

axposed area of =zpecimen, and

average temperatures of the volume.

= =
[p i)
Horn

e B = .
r

The apparatus used to determipne O is similar in principle
to that used by several previous investigaters sugh as van
amerongenl and consists of the following major components:

{1} a permeation cell, (2) a manlfold to supply gas and vacuun
service, and {3) a pressure sensor to measure pressure change.
The parmsability cell (Figure 2} was a high-pressure mambrane
filtey holder {Millipore Fillter Corp.). The specimen to be
stadied, consisting of a thin disc cut to fit the cell, waa
mounted so that a seal was formed separating the apparatus

inte twe chambers. The chamber volumes were calibrated by

PVT determainaticons.
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Fig. 2 Permeation Cell.

Figure 3 shows the gomplete permeability apparatus
iocated within an inert-atmosphere glovebox line, and Figure
4 shows a schematic drawing of the apparatus. A permeation
experiment was conducted by dinitlally evacuating both sec-
tions of the apparatus, isolating the sections from each
other and the pamping system, and introduncing the hydrogen
isotope into tﬁ? Igrgest volume which is the fixed pressure
elide (Volume A}, usually at 1 atm. The slaztomer specimen
was supported in the cell on a screen to prevaent rupture
due to the pressure differential between the two volumes.

The increase in pressurs in the smaller volume (Volume B

was measursed as a fupction of time.
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Fig. 3. Parmaability Apparatus Logated Within the Inert
Atmosphere Glevebox Line.
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Fig. 3. Permoability Apperatus Located Within the
Inoert Atmosphere Clavebox Line.
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A capacitance manometer ({(Baratron Instrument Corp.)

i was used to detect the pressure increase in the smaller volums
{(¥oiume B). The pressure was continuousiy plotted on a strip
chart recorder providing a permanent record of pressurs-tinms

: ? data and permitting lmmediate determination of steady-state
permeation. The permeation apparatus was constructed so that
the ratioc betwean Yolume A and Valume B was large snough to
prevent a significant pressure drop in Volume A during the
course of a permeation determination. Temperature during the
experiments was ambient, averaging 2&-8°C + 1*C. The accura-
clies in determining the valumes of the permeation apparatus
and the pressure in the emaller volume {(Volume B) wareae i+ 0.4
and ¥ 0.15% regpectively, The s=pecimen thieckness was deter-
mined by checking several locations with a caliper micrometer.,
An average of thess determinations was then computed. In
general, the variation in measurements on a given specimen
was 8-~10% hecause of irregularities in the material as well

as its resiliency. This measurement, being the least accuratsa,

limited the overall acguracy of the experimental determinationa,

The hydrogen isotope permeakilities of a number of readily
available elastomeric and polymeric materials were measurad
and compared with values obtained from literature sources
{iwhere available). These experimental results and the litera-
ture comparisons are shown in Tabhle 1. The agreement was
good in moast cases, The largest deviation oececurred for very
thin specimens where inaccuracies in thickness measurements
or uncertalinties 22 o the exact nature of the particular
gpecimen was greatest, The permeation ratios of H/DST as
shown in the table do not follow the ratin of the sgquare
root of the mass as many lsotope-effect results on other
diffusion studies have. In the case of elastomers, the
5ize of the molecules may have more significance Iin s2xplain-

& ing the permesation ratios. In any case thig points up the
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FParmeability Conotants of Eydragen Ieotopen
Threugh Vardiouz Elaztosmaerac and Polymoric Hatexaals
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Fermeability Tanstant 1§ tcnzfﬁtc-ntn]l

SpecamAan
Thitkheke Haasarad Litartaturs .
HMateraal lem) Ioctope valua Yalue
-7 T
Lakex O0.015 H 2.% = 10 2.9 = 14
[matural rubber]
[atex ©.D18 o 3.0 x 10-"
g.023 ] 9,58 % lo-T
BuRA=-H B.02% o £,z 1070 a.37 ¢ 10-74
{nstrite Futadygne 0.032 T 4.4 z p=t
rubher)
-
Mylar (polyethylans 0. 905 H 4.% x 1a-" 4.4 x 10~1
teraphthalate]
|
Mylar .05 .| 4.1 2 1p-%
=t
-
Teflen (polytetra- ¢.007 H 6.1 x 1o%* !l_,
flurcethyliens) %
qQ.0av i g.98 x 107 1.35% x 1077
0.0a7 T 1.01 % 10+7
Kaptan fpolyimide] b.o05 H 1.2 3 lp=*
Kapton 0.4a0s P 1.3 x p-*
0.003 T 1.06 x 107°¢
Saran [vinglidéns Q.001 H 3.6 x 1n~? 3.1 x 10-79
chlorida)
Saran 0.00L1 o 2.3 ¢ 10"

2411 mMeasuremEnts WEre mage AE FoAm kemperakture (Approx. 25*C)

Realeronce 1
Referenca 2
Rafexanes 3
ke larence 4
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nagd for direect experimentil measurement of the permeation
of traitium through materials rather than predictions based on

theagretical assumptions.
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