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Some of the metal hydride and intermetallic compounds readily
absorb the hydrogen gas by a simple contact to form metal hydrides.
Metal hydrides have several important properties for the hydrogen
isotope separation:
® Reversibly absorb and desorb.
® Hold large quantities of the hydrogen gas.
® Have large isotope effect.
® Hold the hydrogen gas as loosely-bound atomic hydrogen. Several

applications for the metal hydrides are storage, compressor, and
isotope separation.
Metal Hydride
M + (N/2) Hp — MHy

PbHg~g, g7°UHg-3°LaNig Ho-g

Properties

® Reversibly absorb/desorb hydrogen gas

® Large quantities of hydrogen in small volume
® Large isotope effect

© Atomic hydrogen desolved in metal

Applications

® Storage

® Compressor/pump

® Hydrogen purifier
® Isotope separation

Storage Capability

(Liquid hydrogen at 20 k 35 moles/liter)
(Water 56 moles/liter)
Pp Hy. 7 37 moles/liter)
U Hy ' 120 moles/liter)
LaNigHg 59 moles/liter)



Metal hydride can hold more hydrogen in a given volume than
liquid hydrogen. Therefore, the isotope separation using metal
hydride is a high density operation.
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Typical 1isctherms are shown on this slide. As metal
absorbs the hydrogen gass the equiliblium coverpressure

increases until it reaches a plateau where metal hydride
abscrbs the hydrogen gas with little change of the equiliblium
pressure,

When metal hydride become near saturation. the equiliblium
pressure increases exponentially. The desocrpticn plateau is
lower than absorption plateau because of hysteresis which cccur
during the phase change from alpha to beta phases.

The plateau pressure increases as the temperature increases,



SEPARATION FACTOR
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The separation factor 1is defined by the isctopic ratlo in
the gas phase to that in the solid phase.
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The separaticon factors of palladium, uranium and LaNi5 have
been reported. I like to point ocut two important observations:
1) palladium has large separation factors even near room
temperature; 2) palladium has a pasitive slope to the inverse
of the temperature. but urarmium and LaNiS have negative slopes.
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SEPARATION FACTOR (MODEL)

GAS PHASE PARTITION FUNCTION RATIO
JI m chu m; mﬂ.m
Z. MTWReORSGH 28 A, 129 (197W)

SOLID PHASE PARTITION FUNCTION RATIO
~ ATOMIC HYDROGEN TRAPPED IN A POTENTIAL WELL
= 5 DIMENBIONAL OSCILLATOR : HARMONIC/ANAARMONIC
~ FUNDVENTAL FREQUENCIES (BSERVED BY INELASTIC NEUTRON SCATTERING
(ovenTOE 40 1SOTOPIC FRELBNCIES)

To calculate the separation factors, I used the gas phase
partition fuction of Bron, Changs and Wolfsberg in 1974, To
calculate the solid phase partition fuction ratios 1 assume
following:

Atomic hydrogen is trapped in a potential well provided by the
sclid.

Each atom is a three dimensional oscillator.

The fundamental frequencies are measured by an inelastic
neutron scattering.
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In the gas phase, one vibraticnal frequency contribute the
most to the partition fuction ratic. In the solid phase, six
vibrational frequencies per two atoms contribute to the partion
fuction ratio. By increaseing the fundamental frequency of the
atom, the separation factor systematically shifts and the
Cross—over phenomena cccurs near 700 wave number.
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Falladium has large separaticn factors. This is the best
candidate for the isctope separaticon. The concentraticon
dependence is alsc shown here. For example. the low
concentration of tritium follows HT/H2 curve while the high
concentration of tritium follows T2/HT curve. All other falles
in between.
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The results of LaNiS are shown in this slide.
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The results of uwranium are shown in this slide.




SEPARATION TECHNIQUE

CHROMATOQGRAPH

THERMAL CYCLING ARSQRPTION PROCESS

CTCAP)

Chroamatographic technique has been used to separate the
hydrogen isctopes. What I like to discuss with you today i1s a
riew technology developed by Savannah River Laboratory. It 18 a
continuous chromatographic methed.



THERMAL CYCLING ABSORPTION PROCESS (TCAP)

‘ RAFFINATE

A concept is shown in this slide. The TCAF has twe columins
intercommected. One column is packed with palladium and the
cther a neutral (no metal hydride).

Dwring the heating/cooling cycles, the hydrogen gas moves
back and forth between two columns. During the absorption at
low temperature, the heavier isctope is enriched at the bottom
of the palladium column and depreted at the top of the column.

After about 20 cycless it reaches a steady state and forms
a sharp boundary. At this points the mixture is fed and the
product and raffinate are drawn off from the column.



TEST RUN : H/D SEPARATION

T e ﬁMWWMW.

1.0 ™

0.5

DEUTERIUM CONCENTRATION

The test run for H/D separation is shown in this slide.
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OVERVIEW

1. METAL HYDRIDES

CHARACTERISTICS
PROPERTIES
APPLICATIONS

2, ISOTOPE EFFECTS

SEPARATION FACTORS
MODEL CALCULATIONS

5, SEPARATION TECHNIQUE

CHROMATOGRAPH
THERMAL CYCLING ABSORPTION PROCESS ( TCAP )



METAL HYDRIDE

Mo+ (N/2)H, = MH,

PoHog.7 > UH g3 - La Nig H og

PROPERTIES

~ REVERSIBLY ABSOB/DESORB HYDROGEN GAS

— LARGE QUANTITIES OF HYDROGEN IN SMALL VOLUME
= LARGE ISOTOPE EFFECT

= ATOMIC HYDROGEN DESOLVED IN METAL

APPLICATIONS
STORAGE

COMPRESSOR / PUMP
HYDROGEN PURIFIER
ISOTOPE SEPARATION
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SEPARATION FACTOR
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: SEPARATION FACTOR
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SEPARATION FACTOR (MODEL)

GAS_PHASE PARTITION FUNCTION RATIO
J, BRON, C.F, CHANG, AND M, WOLFSBERG

Z. NATURFORSCH 28 A, 129 (1971)

SOLID PHASE PARTITION FUNCTION RATIO
- ATOMIC HYDROGEN TRAPPED IN A POTENTIAL WELL
- 3 DIMENSIONAL OSCILLATOR : HARMONIC/ANHARMONIC
- FUNDAMENTAL FREQUENCIES OBSERVED BY INELASTIC NEUTRON SCATTERING

(OVERTONE AND 1SOTOPIC FREQUENCIES)
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SEPARATION FACTOR - PALLADIUM
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SEPARATION FACTOR - URANIUM
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SEPARATION FACTOR FOR MIXED SYSTEM
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[H), ?Hv & —.ﬁ_ : MOLE FRACTIONS IN THE SOLID PHASE
Rap/cp: SEPARATION FACTOR FOR SINGLE ATOM SUBSTITUTION



SEPARATION TECHNIQUE

CHROMATOGRAPH
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THERMAL CYCLING ABSORPTION PROCESS (TCAP)
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DEUTERIUM CONCENTRATION
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TEST RUN : H/D SEPARATION
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