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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 effeCC.

● 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) H2 ‘MHN

pbHO-O. 07”UHo-3”LaNi5 ‘(1-6

Properties

● Reversibly absorbfdesorb hydrogen gas

● Large quantities of hydrogen in small volume

● Large isotope effect

0 Atomic hydrogen desolved in metal

Applications

0 Storage

● Compressor/pump

● Hydrogen purifier

● Isotope separation

Storage Capability

(Liquid hydrogen at 20 k

(Water

pD HO-7

U H3

LaNi 5H6

35 moles/liter)

56 moles/liter)

37 moles/liter)

120 moles/liter)

59 moles/liter)
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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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ISOTHERH

Typical iscltherms are shc,wn CIn this slide. As metal
absclrbs the hydrctgen gas? the equilibrium c(verpressul-=
increases ~(ntil it reaches a plateau where metal hydride
absclrbs the hydrc{gen gas with little chai~ge c,f the equilibli~lrn
pressure.

When metal hydride become near saturatic,n? the equilibliuln
pressure increases e>:pc,nentidlly. The desc,rptic!n plateau is
1c,wer than absc,rptic,n plateau because cif hysteresis which c!Ccui-
during the phase change from alpha tc, beta phases.

The plateau pressure increases as the tempei-at~(re ii-lci-ea=eso

.



SEPARATION FACTOR

(D/H)w

M=
(lI/H)aD

The sepa~-aticln factc!r is defined b’+ the iscltclpicl-atic,i]l
the gas phase tcl that in the sc!lid phase.

.



SEPARATION FACTOR

m 1 ! I I . .[
D J I9.

t

The separaticit~ factc,rs c,f palladium, uranium and LaNi5 have
beei? repc,rted. I lil:e tc, pc,int c,ut twc, irnpc,rtant c,bservatic,~~s:
1) palladium has large 5eparation factclr5 even near rc,c,mtemperature; 2) palladium has a pc,sitive slc,pe tcl the in~el-=ec,f the temperat~l~-e. but urani~lm a~ld LaNi3 have negative slc!pes.

.



SEPARATION FACTOR (flODEL)

TCI calc~ilate the separaticln factclrs~ I ~lsed the gas phase

partiticln fuctictn of BrcIns ~hang~ and Wolfsberg in 1974. Tc,

calculate the sc!lid phase partiticln f~lcticln raticl~ I ass~~me

-fct~lctwing:

1) Gtctmic hydrcigen is trapped in a pc!tential well pi-ctvlded b)J the
sc,lid.

2) Each atclm is a three dimei~sictnal clscillatclr.
3) The fundamental fi-equencies are measui-ed by an ii~elastic

neutrclin5catteriilg.
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SOLID

1-
\

In the gas phase? cIne vib)-atic,)~al frequency Cc,nti-ibute the
mclst tc, the partitic, n fuctic,n ratic,. In the solid phases si~.:
vi brat icinal frequencies per twcl atclms cc~ntribute tc! the pai-ticli-l
fuctic,n ratict. Hy increasing the fundamental frequency c~f the
atclm! the separaticfn factc,r systematically shifts and the
Ci-C,%S-C,v~r phenomena c,ccurs near 7(:)(:)wave ~~umber.



,.

I I I I I I
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.

Palladium has ldi-ge separaticli~ factc(rs. This is the best
candidate fc,j- the isatc,pe sepai-dtic,n. The
dependence is

cc,ncent~-atic,n
a1SC1 shclwn hei-e. FCIr e:.:ample~ the lC!W

Cc,ncentratic,n ctf tritium fclllclwsHT/H2 curve while the high
cc,ncei-itraticiizc,f tritium fc,llclwsT2/HT cui-ve. All c,thei-falles
in between.
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The res~tlts clf LaNi5 are shciwn in this slide.
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The results clf uranium are shown in this slide.



SEPARATION TECHNIQUE

[HRO~T06RAPM

( TCAP )

t

Chrclmatclgraphic tech~?iq~le has bee~~ used tcl separate the
hydrclge!l iscltopes. What I like tci discuss with YC(U tclday is a
rlew techi~ctlc!g’+develclped by Sava]~’i~ahRiver Labclratary. It i= a
cc,]~ti]~~[c,~{schrclmatc,graphic methctd.



THERMAL CYCLING A=ORPTION PROCESS (TCAP)

.

A cclncept is she,wn in this slide. The TCAF’ ha= twc, cc,lL~mi~s

intercc!nnected . One calumn is pac}::edwith palladi~~m and the
c,ther a neutral (nc, metal hydride).

D~~ring the heatingicc!ciling cycles? the hydrclgen gas mc,iiee
bat}: and fc,rth between twc, ccilum}qs. Dui- i~~g the absc,rptic,n at
lCIW temperatures the heavier isc,tc!pe is enriched at the bc,ttc,m
clf the pal ladlum cc~l~{mi~and dep~-eted at the tclp clf the CC,lLlmi-f.

After abc~ut 20 cycles? it reaches a steady state and fc,rms
a sharp bclundary. At this pclint! the rni>:ture is fed ~i~d the

prc,duct and raffinate are drmwn c,ff fi-c,mthe cc,lumn.
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