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ABSTRACT

Polymer-based hydrogen getters are described and their effectiveness for reducing hydrogen levels
in radioactive materids (RAM) packagings is demondtrated. These Sandia Nationd Laboratories
patented getters have been characterized, in United States Department of Energy Office of
Environmenta Management programs (Nationa Transportation Program and TRU & Mixed Waste
Focus Ared), for hydrogen mitigation under conditions exigting in RAM packagings.

The decomposition of radioactive waste produces norradioactive gaseous by- products, including
hydrogen. Additiona gases and vapors (getter “poisons’) may be present in sedled waste containers.
The accumulation of hydrogen within waste packages presents a safety hazard. Regulatory limits on
the hydrogen concentration in RAM packagings may require costly repackaging (and more
shipments) or waste treetment unless hydrogen accumulation can be mitigated. The use of hydrogen
gettersis a promising mitigation technology.

The Sandia getters consist of amixture of organic polymers containing carborn carbon double bonds
and a pdladium or platinum catalyst on a carbon support. In the absence of oxygen, hydrogen is
removed by reaction with the carboncarbon double bonds (i.e., hydrogenation). When oxygen is
present, the polymer-based getter functions primarily as arecombination catdyst until the oxygen is
consumed, after which the hydrogenation mechanism takes over. The polymer-based getters have
demondtrated favorable hydrogen gettering characteristics relative to the requirements for specific
packaging applications, such as the DDF-1 packages at the Savannah River Site and the
TRUPACT-II for the Waste Isolation Filot Plant.

The polymer-based getters are non-pyrophoric, recombine Hy and O regardless of capacity, require
no activation, remove hydrogen in a variety of amospheres, are compatible with awide range of
materias, have demongtrated resistance to many “poisons’ (e.g., carbon tetrachloride) and

radiation, are effective over awide temperature range, and are commercidly available a rdatively
low cost. The getters have been shown to perform effectively in terms of Nuclear Regulatory
Commission criteria which include capacity, pressure, “poisons’, reversibility, temperature,

humidity, and therma output.

! Sandia is amultiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, for the United
States Department of Energy under Contract DE- ACO4-94AL85000.



SANDIA NATIONAL LABORATORIESPOLYMER GETTERS

Sandia Nationa Laboratories (SNL) has developed and patented afamily of polymer-based
hydrogen getters useful for scavenging unwanted hydrogen for avariety of industrid gpplications
[1-6]. The polymer hydrogen getters are used in oil production, heat exchangers (e.g., in cod-fired
power plants), seded dectric devices, and vacuum insulation panels -- dl applications where
hydrogen represents a safety hazard or significant loss of process efficiency. Genericdly, the getters
have excellent res stance, with demonstrated performance in the presence of oils, oxygen, and
bailing water. In many instances, they possess excellent temperature resistance (functiona from -
30°C to 175°C) and have alow vapor pressure. They do not require any active circulation as
diffuson and convection will cause enough gas mation to diminate hydrogen safety concerns. One
magjor improvement in the development of these gettersis that the formulation prevents the catalyst
from being wetted by water. Thisis afundamenta property of the polymer-based getter
formulation; engineered vapor barriers are not required. (DEB-type getters are not recommended for
liquid water or steam gpplications because of facile seam didtillation of DEB and its fully
hydrogenated product, and because wet catalyst can become deactivated.) They are not subject to
the sublimation problems inherent to DEB getters. The getters are available in avariety of physicad
forms for versatile deployment (powder, pellets, monaliths, spray coatings) and can be produced in
cost- effective, commercid quantities?

In addition to these commercid formulations, Sandia has developed hydrogen getters specificaly
tallored (chemicaly formulated) to the needs for shipments of radioactive materid and, in

particular, transport of transuranic wastes. For application in TRUPACT-11 packages, these getters
may alow waste to be moved safely whilein excess of 1394 standard liters of hydrogen gasis
generated over the 60-day maximum shipment period.

The SNL polymer-based getters consist of an unsaturated rubbery polymer dispersed on a precious
metd catalys. Precise formulation with proprietary additives yields an inherent poison resistance
and a hydrogen uptake rate sufficient to meet extreme environments. The commercidly avalable
VIP getter, for instance, is a precious meta composte of organic polymers such as an isobutylene-
butene copolymer, polybutadiene, styrene-butadiene copolymer, carbon, and poly(1,2-dihydro-
2,2,4-trimethylquinolineg), which is an antioxidant. Gettering rates depend on the mobility of the
polymer moleculesto the catdyst, so the gettering rate dows as the temperature drops. The polymer
must have sufficient mobility to react at the required cold conditions (-29°C for TRUPACT-I11); ye,
the polymers must not be overly reactive during the exothermic reaction at the hottest temperature
(71°C for TRUPACT-II).

Polymer-based getters work on the principle of cataytic hydrogen addition to carbon-carbon
multiple bonds.

H>+(-HC=CH-), ® (-H2C-CHz- )n [hydrogenation]

When O, is present, H, and O, are catdyticdly recombined to form water.

2V acuum Energy, Inc., Cleveland Ohio, licenses the Sandia National Laboratories-patented
polymer getters.



2H, + Oz ® 2H,0 [recombination]

Gettering capacity depends on the number of double and/or triple carboncarbon bonds. Polymer
based getters do not require a pressure threshold of hydrogen to be activated. When exposed to
hydrogen, the carbon bonds in the polymer hydrogenate, thus irreversibly scavenging hydrogen.
Under gatic conditions, hydrogen uptake istypicaly limited by the rate of diffuson to the getter.
Typicd hydrogenation capacities are 75 to 200 std cc H, per g of getter. The typical getter hasa
capacity of gpproximately 100 std cc/g. The cataytic recombination reaction preserves gettering
capacity (The Hy is consumed producing H,O) and aso removes oxygen in a controlled fashion so
an undesired hydrogen/oxygen ignition/explosion cannot occur. The getter is designed to keep the
hydrogen below explosive limits at dl times regardless of oxygen depletion. The rate of gettering
dows as the temperature drops, so the lowest temperatures are the most chdlenging.

The polymer-based getters are formulated with additives to produce the desired poison resistance
and provide sufficient hydrogen uptake rates under the extreme TRUPACT-I11 environments. Sandia
Nationa Laboratoriesis currently designing for poison concentrations of up to 1000 ppm (acid
gases, CO, sulfides, haogenated hydrocarbons). Carbon tetrachloride (CCly) has been used asa
representative screening poison since it exists in some drums destined for TRUPACT-I1 shipment
and is one of the more aggressive poisons known for these polymer getters. Most non-ha ogenated
organic solvent vapors have little or no effect on the polymer-based getters. Some functiondities
(ketone/adehyde) can be reduced or partidly reduced in the presence of hydrogen, but this does not
affect the hydrogen gettering reactions. Chlorinated hydrocarbons can have adramatic, irreversible
effect on the ability of hydrogen getters to function, especidly at high solvent concentrations.
Polymer-based getters are to some extent reversibly poisoned by reactive molecules, which interfere
with the noble metal hydrogenation catdydts. Free radicd initiators (e.g., O,, SO», NO, NOy), which
can polymerize or oxidize (deactivate) the carbon-carbon double and triple bonds in a polymer-
based getter, can be removed with appropriate inhibitors (scavengers). Carbon monoxide, hydrogen
aulfide, anmonialamines, and other active ligands dl dow the hydrogenation reaction.

The polymer-based hydrogen getters are produced as a free-flowing black powder that can be
extruded into pellets or other engineered forms for ease of handling. The getter is formulated from
readily available commercia precursors. Expected gpplication to RAM packagings would dlow the
getters to remain non-hazardous materias for disposal and to be recycled for their noble metal
content.

THE TRANSPORT PACKAGE APPLICATION FOR GETTERS

Many challenges to hydrogen getters are specific to RAM transport packages [7]: temperature
extremes, hydrogen capacity, longevity, irreversbility, materiad compatibility, radiation exposure,
completely passive system required, no gas or free water produced, and in particular for
TRUPACT-II, aggressive chemicas within the package (“poisons’). These chalenges were
considered as a system by SNIL by which a getter was developed that meets these chalenges for
TRUPACT-II gpplication.

Interaction of radiation from TRU eements with the waste matrix being transported in the
TRUPACT-II results in decompasition of the waste and production of non-radioactive gaseous by-
products. Additional gases and vapors may be present in the seeled TRU waste containers from



other sources, such as volatilization of waste content and thermal or biological degradation of waste
components. The headspace of TRU wasted drums has been shown to include gases and vapors
such as hydrogen, oxygen, carbon dioxide, carbon monoxide, methane, trichloroethylene (TCE),
hydrogen chloride, and acetone’ The accumulation of hydrogen within the individud waste
packages and drums, as well as within the seeled TRUPACT-I1I inner containment vessel (ICV),
presents a safety hazard. The Safety Andlyss Report for the TRUPACT- 1 Shipping Package limits
the hydrogen concentration to less than 5% by volume to avoid forming flammable gas mixtures.

A limit of 40 Waitts (W) has been placed on the overal radioactive decay energy of the
TRUPACT-I1I contents based on the package's ahility to dissipate the decay heeat. However, the
character of TRU waste matrices and the energy of some radioactive contaminants prevent the
container from being loaded to the full 40-W limit because the amount of hydrogen produced could
result in flammable gas mixtures. The amount of hydrogen generated is a function of both the waste
type and the decay energy; therefore, operating limits for alowable radioactive decay energy in the
TRUPACT-I1I have been established for different waste types. For wastes contaminated with Pu-
238, which decays at about 0.5 W/g, the total TRUPACT-I1I loading may be limited to only 3 W
(6 g Pu-238) depending on the waste type and layers of confinement.

The current Savannah River Site waste inventory includes about 7000 drums of Pu-238
contaminated waste, with more than haf of these containing greater than 6 g of Pu-238. Needs for
technologies to prevent hydrogen accumulation in the TRUPACT-I11 exigt at other Steswithin the
DOE that have high-wattage level wastes. The needs include Pu-238 wastes at LANL, and Am-Cm
wastes at Hanford, Idaho National Engineering & Environmenta Laboratory, Oak Ridge National
Laboratory, and Rocky Flats Environmenta Technology Site. Due to current decay energy
operating limits, drums of these types of wastes may possibly not be shipped without repackaging to
decrease the overdl decay energy per drum. Thiswill ultimately result in more shipments and

higher transportation costs per waste drum [7].

Extengve testing of the SNL polymer-based getters has been conducted at the Savannah River
Technology Center (SRTC) to measure the capacity and rate of gettering under the conditions
required for trangport package certification. Results of this testing demondtrate that the getter
materids have the desired properties for use in the TRUPACT-11 and the DDF-1 packages.

SAVANNAH RIVER TECHNOLOGY CENTER PERFORMANCE EVALUATION
Commercial Getter

The hydrogen uptake of the commercid VIP getter under static, congtant volume conditionsis such
that more than 98% of the capacity of this getter is consumed under excess hydrogen within

20 hours. The measured capacity of the VIP getter is 100 std cc/g or 4.46 x 10°° moles/g. Based on
the maximum hydrogen evolution rates for TRUPACT-I, the theoretical required mass of getter,
assuming no recombination, would be:

Inthedrum: 6.2 kg/year/drum
IntheICV: 14 kg/60 days/14 drums



Enhanced Transport Package Getters

The Savannah River Technology Center has characterized the polymer getters for transport package
applications including the DDF-1 shipping package [8] and TRUPACT-II. Details of the test
methodology and test gpparatus are discussed in detail in Reference 8. Characterization of hydrogen
getters, and interpretation of test results in terms of specific getter applications, is somewhat
dependent upon the test assembly and the variables introduced during testing (gases and poisons
present, flow rates, pressure, etc.). No consistent test procedures, such as a consensus standard, for
characterizing hydrogen getter performance yet exig, athough such a standard would facilitate
comparison of different getters and of inter-laboratory datafor a given getter. The SNL/SRTC
investigators have used a set of characterization criteria possibly acceptable to regulators by which
to measure the performance of candidate transport package getters[9]:

Getter Parameter Evaluation Criterion

Potential Poisons Potentia for poisoning of the getter
material from gaseous compounds in
the waste.

Compatibility Chemica compatibility of the getter
materia with package payloads.

Operating Temperature Range Potential of the getter to perform over a
wide temperature range.

Pressure Ability of the getter to perform over a
wide pressure range.

Revershility Potential to desorb hydrogen under
storage or shipping conditions.

Materia Cost Cost of engineered form of getter

required for package application.

Getter Operationa Lifetime (Capacity) Potential of the getter to absorb
hydrogen at a rate that results in less
than 5% hydrogen buildup.

Free Liquids Free liquids generation potentia of the
getter reaction should not exceed
specifications.

Temperature Effect from Getter The heat of reaction (wattsmole H)

which  determines if a getter
temperature effect will be of concern.
Passive Versus Active Getter Systems The system must be shown to be

passive.
Radiation Effects on Getter Potential effects of radiation on the
getter performance must be evaluated.
Structure/Shape The engineered configuration of the
getter system.

The following figures provide schematics of the gpparatus and test technique (Figures 1 and 2) and
results of testing the polymer-based getter in the presence of potentidly damaging “ poisons’
(Figures 3 and 4).
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Figure 1. SRTC hydrogen getter test apparatus schematic. Laboratory testing variables include
pressure, volume (geometry of vessdl and scale), temperature, and atmosphere (including presence
of “poisons’).
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Figure 2. Two essentid parameters exist for measurement of getter performance: H, absorption rate
and getter hydrogen capacity. This figure shows the H, pressure drop with time due to absorption by
the polymer getter. From such data, getter capacity and absorption rate are derived.
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Figure 3. Effect of VOCs (1000 ppm on the absorption of excess hydrogen by SNL polymer getters.

Hydrogen Removal Using TRUGETTER
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Figure 4. The pressure change in a5-L vessd as hydrogen is removed by a getter assembly
composed of a polymer getter and molecular sieves, with and without the presence of 1000-ppm
CCl,. Since the pressure changes with time, for both absorption and recombination, are nearly
identical, this demonstrates that the getter is unaffected by the presence of CCly. Thetest isscaled to
provide up to 30 times the headspace volume expected for the full-scale getter assembly loaded ina
TRUPACT-II. The 1000-ppm of CCl, represents aworst case evauation and is an expected upper
bound for most TRU wadte. Other potential poisons have been evaluated in asmilar manner and
are anticipated to have no impact on performance of the polymer getter assembly.



Essentid for gpplication in TRUPACT- 11 is the performance of the getter in the presence of
aggressve chemica gases that may degrade the getter. Tests at SNIL indicated that the polymer-
based getter has gpproximately a 50% reduction in H, removal rate in the presence of 1500 ppm
CCl4 [10]. Increasing the amount of getter in the package can compensate for this reduction.

SUMMARY

The Sandia Nationd Laboratories polymer-based hydrogen getters, based upon performance
evauations at the Savannah River Technology Center, have been demonstrated to have the
hydrogen adsorption rate and hydrogen capacity to maintain hydrogen levelsin transport packages
below regulatory limits (5%) in terms of proposed evaluation criteria[9]. Furthermore, the polymer-
based hydrogen getters have been demondtrated to perform their hydrogen adsorption function in
the presence of aggressive volatiles, such as CCly. Additiond testing of the polymer-based getters
shdl provide a complete data package on the performance of the getters under smulated transport
package environments and, concurrently, provide information for possible modifications to the
getter formulations to further enhance their performance.
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