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SUMMARY

The preparation of the Safety Analysis Report for the 233-H Replacement Tritium
Facility (RTF) requires permeation constants of hydrogen isotopes through butyl
rubber, to estimate possibie worker cxposure given a certain level of tritium in the
confinement gloveboxes. Literature values of the permeability constants for
hydrogen isotopes and water vapor through butyl rubber at ambient temperature (22-
25°C) have been converted to common units and are tabulated (Tables I and II).
Permeation rates of tritiated species are the same as that of protium species, within
cxperimental error.  Thus, molecular protium and normal water vapor data serve (o
cstimate tritium permeation rates. Because of vendor-to-vendor variability of
permeability, especially of water vapor, vendor measurements of water vapor
permeability should continue to be used to estimate permeation in SRS processes.

INTRODUCTION

Butyl rubber is the material selected for gloves in the confinement boxes of the 233-
H Replacement Tritium Facility (RTF) at the Savannah River Site. It is a good choice
for this application because butyl rubber has relatively low permeability to many
volatile species, including molecular hydrogen and water vapor! and tritium oxide?.
This report describes results of a literature survey of experimentally determined
values of permeability. Methods of calculating flux are described, and the different
values of permeability found in the literature are compared. This report does not
address the useful lifctime of gloves in the RTF or the radiation damage of butyl
rubber gloves by tritium,

Mathematics Of Steady-State Permeation Of Gases Through Polymers

When one side of a polymer membrane is exposed to a species that can permeate
through it, the flux, or amount of permeating specics exiting the reverse side of the
membrane per unit time per unit area, is initially zero. After a time termed the
breakthrough time, the exit flux increases with time, and ultimately reaches a
maximum steady state value. Steady state permeation of simple gases through

polymers is described byJ:
J=a (p1-p2)/L (1)
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in which J is the flux (quantity of permealing species per unit membrane area per
unit time), & is the permeability (quantity of permeating species across unit
thickness per unit area per unit time per unit pressure drop), p] is the partial
pressure of the permecating species on the high-pressure side of the membrane, p2 is
the partial pressure of tlic permeating species on the low pressure side, and L is the
thickness of the membrane. The permeability (also termed permeability coefficient)
can be calculated using:

o=DS§ (2)

where D is the diffusivity (in area per unit time) and S is the solubility (in amount of
species contained per unit volume of polymer). The permeability, diffusivity and
solubility are material properties; that is, they depend on the state of the material and
not on the size or geometry of the membrane or the pressure of the permeating
species. These material properties depend on the polymer type and morphology,
temperature, diffusing species type, and diffusing species concentration in the
polymer. The flux depends on both these material properties and geometrical
propertics, such as membrane thickness and the partial pressure of the permeating
species.

The total quantity of material permeating through a polymer glove (or any polymer
part) at steady state is calculated using:

Quantity = J A ¢ (3)

where A is the total surface area of the glove and t is the time of permeation. Thus,
the material property (®) is combined with the system properties (p1. p2. L, A and 1)
using Eqs. 1, 2 and 3 to calculate the maximum total quantity of species diffusing
through a given glove. The amount of tritiated species in Curies can be found from
Eq. 3 using the conversion constant appropriate for the units used.

Literature Values For Molecular Hydrogen And Water Vapor Permeability Through
Butyl Rubber

Many units are employed for the quantities in Egs. 1, 2 and 3. The flux, J, can also be
termed the Vapor Transition Rate? or Water Vapor Transition Rate’. Reports in the
literature normally contain information (pressure drop and membrane thickness)
enabling calculation of the permeability from the flux. Table I gives values for the
permeability & of molecular hydrogen through butyl rubber near ambient
temperature, after conversion to the dimension:

(@] =¢cH2-cm

cm2-s-atm (4)

where ccH2 is cubic centimeters of hydrogen at Standard Temperature and Pressure
(273 K, 1 atmosphere or atm), Table II gives similarly converted values for the
permeability of water vapor through butyl rubber, near ambient temperature.
Yalues of hydrogen and water vapor permeability given in Ref. 1 come from other
referencesS.7.  Also, another source of data® cites permeability measurements? at
ambient temperature and has additioral original cxperimental data for moisture
permeability through butyl rubber at 41°C not given in Table II.

Page 2 of 8
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Vendor Water Vapor Permeability Values And SRS Specifications

Results of water vapor transmission tests by the vendor of RTF confinement box
gloves are also presented in Table II/0. In converting the values to the given units,
22°C and 50% relative humidity were assumed’. These values agree with one of the
studies in the literature!! and are significantly larger than those of other
studies¥-72,13.14  The maximum allowable water vapor permeability value at SRS is

also converted and given in Table II/5. This value is scen to be larger than all of the
permeabilities measured in the literature and by the vendor. The butyl rubber

gloves have acceptable values of water vapor permeabillity?J.

DISCUSSION

Several investigators have experimentally verified Eq. 1 for many polymers!.3.8,
Variations in materials properties manifest themselves in variations in the
permeability constant. The permeability varies with many factors, and tabulaied data
should be used cautiously in predicting material behavior in a given application.
Some of these factors include the concentration of diffusing species!6, polymer
morphology (varied by degree of cross-linking or type and amount of fillers)!3, and
temperaturel!, .

The amount of water soluble in a given polymer is, in general, greater than that of
other simple gases such as hydrogen??. The solubility of water depends on the type
and concentration of hydrophillic and hydrophobic impurities existing in a given
polymer blend. It is likely that the variability of measured value of water vapor
permeation (Table II) through a given polymer reflect real differences in material

structure in nominally similar polymers. {(The wvariability of measured
permeabilities for other simple gases through polymers is much less than that of
water). The same polymer procured from different manufacturers, or different

batches from the same manufacturer, can have differing permecabilities at the same

temperature!7.  Vendor permeability measurementS.10.15 of products being procured
by SRS is an effective method of assessing permeation properties.

If vendor measured permeabilities are unavailable for estimation of permeation
rates, suggested values for estimating hydrogen and water vapor permeabilities
through butyl rubber at 22°C. are: Hz & = 0.6 * 10-7 ccHz-cm/cm?2/s/atm and HO © =
15 » 107 ¢ccH20-cm/cm?2/s/atm. (Tables 1 and II). These suggested values fall within
the range of values in the tables, and have been reproduced in scveral
investigations,

High pressures (10,000 atm) have also been shown to affect the mcasured value of
permeability/2, In the RTF, the partial pressure of tritium in the glove boxes will be
in the low-pressure range, where permeability is independent of pressure (that is,
the steady-state flux is given by Eq. 1 with a pressure-independent permeability @).
Eq. 1 has been experimentally verificd for water vapor permeation through butyl
rubberZ0,

Investigations of tritiated water (HTO) and molecular tritium (HT) permeation
through polymers reveals no significant difference in permeability compared to

Page 3 of 8
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specics having only protium/8.  Protium data can therefore be used to evaluate
permeation of tritiated species in polymers.
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Permeability. @ (o 10-7 gccHa-cm

Temperature (°C) Reference
cmz-s-atm)
25 0.55 5
22 0.7 19
Table 1.

Steady State Permeability of Molecular Hydrogen Through Butyl Rubber

Temperature (°C) Permeability, @ (¢ 10°7 ¢cH2O-cm Reference
cm2-s-atm)
22 3.5 11
~22 5.8 (1 _atm pressure) 12
24 5.5 (density 1.21) 8
4.6 (density 1.21)
7.3 (density 1.06)
5.4 (density 1.06)
38 10.0 13
25 0.99 14
23 15.9 6
37.1
13
22 80 9
16
(RTF Vendor
Measurements)
22 85 15
(SRS Specification
39 8.6 20
6.6
Table II.

Steady State Permeability of Water Vapor Through Butyl Rubber
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