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METAL HYDRIDES

by

Jay R. Carnes and Narzir P. Kherani

ABSTRACT

Metal hydride information is not available for most hydrides in a consolidated quick-reference source. 
This report’s objective is to fill the need for 
such a document providing basic thermodynamic data 
for as many metal hydrides as possible. We con­
ducted a computerized library search to access as 
many sources as possible and screened each source 
for such thermodynamic data as pressure-tempera­
ture graphs, van't Hoff curves, and impurity 
effects. We included any other relevant infor­
mation and commented on it.
A primary concern to be investigated in the future 
is the behavior of metal tritides. This would be 
important in the area of emergency tritium clean­
up systems. The hydride graphs are useful, however, 
as tritides may be expected in most cases to behave 
similarly and at least follow trends of their res­
pective hydrides. I.

I. INTRODUCTION
The increased interest in metal hydrides in the last 30 years 

has prompted research into fabrication of hydrides with desired 
structural, kinetic, and thermodynamic properties for various 
applications. Metal hydrides show potential as portable hydrogen 
sources for combustion engines and as ultrapure hydrogen sources 
for industry and research. Perhaps the most interesting applica- 
cation of metal hydrides, if not the most researched, lies in the
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area of nuclear power. They have been used as moderators, reflec­tors. and shields in high-temperature mobile nuclear fission re­
actors.1 In addition, the tritium containment needs for nuclear 
fission reactors will be met by metal hydrides.

The term hydride has many definitions, the most basic being a binary compound or mixture of the form AxHy produced by metallic 
interaction with hydrogen. For metal hydrides. A represents a met­al or metal alloy. H represents hydrogen or hydrogen isotopes, and 
x and y represent the stoichiometric combination of A and H. The 
term compound covers the cases where ionic or covalent bonds are 
formed between the metal and the hydrogen, whereas the term mixture 
includes physisorption of hydrogen onto a metal.

Often the metallic hydride formed has properties different from those of the base metal or alloy. Specifically, the hydrides take 
on different electromagnetic, mechanical, and thermodynamic proper­
ties that make them amendable for various applications. Desired 
metal hydride properties for many applications are
1. H2 desorption at moderate temperatures (300°C-600oC) 

with low equilibrium pressures (under 760 mm Hg);
2. high H/M atomic ratio (greater than 1.0);
3. minimal powdering caused by hydrogen sorption;
4. minimal poisoning from oxygen, nitrogen, and hydrocarbons over 

numerous absorption-desorption cycles;
5. pure gaseous hydrogen liberated at elevated temperatures;
6. easy activation accomplished under vacuum and moderate temperatures;
7. fast absorption kinetics;
8. abundant and inexpensive base metals; and
9. low-density base metal to increase portability.

This report presents a brief survey of most of the currently 
known metal hydrides. We group the metal hydrides either as pure 
metals or as alloys. The pure metals are subdivided according to 
periodic table position, whereas the alloys are subdivided ac­
cording to the periodic table position of the base element. The 
hydrides are examined by their pressure-composition-temperature 
(PCT) diagrams and their van't Hoff curves. The main source of 
data for the pure metals is Libowitz et. al..1 whereas the data 
for the alloys are obtained from proceedings and journals.
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II. PURE METALS

This section discusses equilibrium characteristics of five 
specific groups of metal hydrides: (1) saline hydrides,
(2) Group III A and IV A hydrides. (3) rare-earth hydrides.
(4) actinide hydrides, and (5) covalent hydrides and hydrides 
of Group V through Group VIII transition metals. The periodic 
table in Fig. 1 illustrates the divisions used in our discussion 
of metal hydrides in the report.
A. Saline Hydrides

The saline hydrides are so called because of their saltlike 
bonding in which the hydrogen is present as a negatively charged 
hydride ion. Thus, in combination with the strongly positive 
elements of Groups I and II. hydrogen forms strong ionic bonds.
Pure beryllium hydride apparently has not been prepared and is 
excluded from this group.

The hydrides of the alkali metals and alkali earth metals 
have several common physical and chemical characteristics. All 
are white or colorless crystalline solids, physically resembling 
the corresponding halides. All react with water and decompose at 
moderately high temperatures; each of these reactions liberates 
hydrogen. They all have melting temperatures considerably above 
those of the pure metals. When the hydrogen reacts with any of 
the metals except magnesium, the lattice spacings between the 
metal atoms contract, creating a higher-density material. Be­
cause these hydrides have negative hydrogen atoms, they are re­
ducing agents, which are useful for synthesis of other hydrides.
The hydrides of the two heaviest elements of this classification, 
francium and radium, have not been prepared.

A given amount of hydrogen at a fixed temperature introduced 
into a metal system provides data for a pressure-composition 
isotherm. The metal sorbs some of the hydrogen until an equi­
librium is reached, at which point the hydrogen pressure is 
constant. When more hydrogen is added to the system, a new 
equilibrium pressure is attained as the hydride composition 
changes. With enough data points, a PCT graph can characterize 
the metal-hydrogen system at various temperatures.

PCT diagrams shown in Figs. 2-5 represent the Li-H,2 Na-H.3 
Ca-H.4 Mg-H, and Mg-D5 systems, respectively. Notes on the figures 
give the fixed temperatures. The shape of the curves is fairly con­
stant. with plateau pressures well below atmospheric. The saline 
hydrides exhibit broad plateaus, usually starting at less than 20% 
hydrogen and extending to near the maximum hydriding capability of 
the metal. The plateau pressures are essentially constant in this 
regime.
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For such plateaus, it is convenient to obtain pressure as a function of temperature. Such functions are of the form
log P = -A/T + B (1)

where P pressure (mm Hg).
A = slope.
T = temperature (K), and 
B = intercept.

These curves are known as the van't Hoff curves. Table I gives 
the constant values for the saline hydrides, and Fig. 6 shows 
these van't Hoff curves.

The van't Hoff curve for the Li-H system comprises data from 
five investigators. Messer2 consolidated the separate results 
to discover the uniformity of the findings. We believe the best 
line through the data is that of Heumann and Salmon.6

The log P vs 1/T curves usually have identical slopes for a given temperature at any hydride composition along a pressure 
plateau. This is not the case, however, at the extreme right or 
left of Figs. 2-5, where pressure varies with solid composition. 
This point is illustrated with the Ca-H system in Fig. 7, from 
Treadwell and Sticher.4 The 50% and 83% lines agree closely, 
whereas the others do not. The two lines that agree still have 
slope values that differ by approximately 10%; such differences 
in the constants A and B are usually found whenever two differ­
ent people investigate the same hydride. The constants for Ca-H 
given in Table I are from the research of Curtis and Chiotti.7 
They determined that a solid-state transformation in the Ca-H 
phase is responsible for a change in slope of the log P vs 1/T 
curve.

The Na-H line is from the findings of Banus et al.3 and 
Herold.8 Banus investigated the Na-H system from 500oC-600°C. 
whereas Herold worked from 250oC-415°C.

Stampfer et al.5 investigated the Mg-H system over the range 
440°C-560oC.

For the rest of the saline hydrides (KH. RbH. CsH, SrH2. and 
BaH2). reliable PCT data are not available over the entire com­
position range. The curves probably resemble those of the known saline hydrides. Several investigators have determined eguilib- 
rium plateau pressures from which they have constructed van't Hoff 
curves. Banus et al.3 consider Herold's work on the K-H, Rb-H. 
and Cs-H systems to be the most accurate. Banus et al. also re­
port on the van't Hoff equation for 92.3 mol% Sr-H. Schumb 
et al.9 report on the van't Hoff curve for the Ba-H system.
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TABLE I
SALINE HYDRIDE VAN

System A
Li-H 8224.0
Ca-H 9610.0

8890.0
Na-H 6100.0

5958.0
Mg-H 8950.7
K-H 6175.0
Rb-H 5680.0
Cs-H 5900.0
Sr-H 10400.0
Ba-H 9150.0

HOFF CONSTANTS

Temperature Range 
B (°C)
.9258 600-900
.227 600-780
.481 780-900
.66 250-415
.47 500-600
.88 440-560
.69 288-415
.80 246-350
.79 245-378
.10 565-900
.4 470-550

'T

9
10
9

11
11
22
11
11
11
11
10
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B. Group III A and IV A Hydrides
This section discusses the hydrides of zirconium, hafnium, titanium, yttrium, and scandium. Zirconium and hafnium hydrides 

are treated together, as are yttrium and scandium, whereas tita­
nium is examined separately. Table II lists all of the van't Hoff 
constants for these hydrides; Fig. 8 plots the van't Hoff curves.

1. Zirconium and Hafnium Hydrides. Zirconium and hafnium are 
almost always found together as ores. Furthermore, they have simi­
lar chemical properties, and so it is not surprising that they 
form hydrides with similar properties.

Zirconium hydride's high number of hydrogen atoms per cubic centimeter (7 x 1022. compared with 6.7 x lO^2 for cold water) 
makes it an attractive hydrogen storage material.

In 1929 Hagg10 began work on the Zr-H system. Martin and 
Rees11 developed a lattice model with hydrogen-occupied inter­
stitial sites for the Zr-H system in 1954. The number of hydro- 
gen-occupied sites decreases with increasing temperature, thus 
accounting for decreasing adsorption. This is evident in Fig. 9, 
which is a composite graph from the work of four investigators, 
as the plateaus disappear dramatically between 850°C and 900°C. 
Figure 10 is a complete pressure-temperature isochore graph, 
from 4 to 66 at.% hydrogen, summarizing the work of Ells and 
McQuillan16 and Gulbransen and Andrew.15 The van’t Hoff data 
for the Zr-H system were constructed from Fig. 9 at H/M = 1.0.

Adding other elements to zirconium causes various effects. 
Oxygen tends to stabilize the phases of the Zr-H systems. The 
alloying of other metals to zirconium raises plateau pressures, 
except with scandium17 (see Fig. 11). Only the addition of 
nickel leads to a substantial increase in hydrogen content.18

TABLE II
GROUP III A AND GROUP IV A HYDRIDES VAN'T HOFF CONSTANTS

Temperature Range
System A B (°C)
Zr-H 11216.7 12.5902 500-850
Hf-H 6251.05 7.7147 683-872
Y-H 9709.0 8.80 600-950

11869.0 10.52 900-1350
Sc-H 9050.0 9.17 800-1100
Ti-H 8573.7 12.26 427-636
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Researchers have not investigated hafnium hydride as exten­sively as zirconium hydride. Indeed. Edwards and Veleckis19 
report the only available PCT data. Fig. 12. The pressure pla­
teaus are all less than 200 mm Hg. considerably lower than those 
of the Zr-H system. Also, the plateaus end much more abruptly 
than in the Zr-H system. The van't Hoff equation for the Hf-H 
system was constructed from Fig. 9 at H/M = 2.

2. Titanium Hydrides. Titanium exhibits a high solubility 
for hydrogen and a relatively low molecular weight, both desirable 
characteristics of a gettering system. These two properties com­
bine to give titanium a high hydrogen density, well above that of 
cold water. Beck's17 experiments produced data that agreed with 
data of previous investigators. Figures 13 and 14 summarize his 
findings. Gibb and Kruschwitz20 found that nitrogen and oxygen 
impurities would occupy interstitial sites, thus reducing the 
hydrogen content of the getter.

The van't Hoff equation for the Ti-H system was derived from 
the data in Fig. 13 at 2.5 wt% hydrogen.

3. Yttrium and Scandium Hydrides. Figures 15 and 16 are PCT data for the Y-H system. Lundun and Blackledge21 studied 
the system from 900°C to 1350°C. whereas Yannopoulos. Edwards, 
and Wahlbeck22 investigated from 601.4°C to 949.4°C. The pres­
sure plateaus start at a H/M ratio of 0.6 and continue up to 0.9 
through 1.6, depending on the pressure and temperature.

Figure 17 shows the Sc-H system from the work of Lieberman and 
Wahlbeck.1 The hysterisis is negligible for the range of pres­
sures and temperatures studied.

Van't Hoff equations for both the Y-H and the Sc-H systems are the work of their respective investigators.
C. Rare-Earth Hydrides

The rare-earth hydrides are the hydrides of the lanthanide 
series (atomic numbers 57 to 71). They are characterized by their 
electronic structure; the 4f shell is filled before the 5d level. 
All rare-earth metals, with the exception of cerium, have high 
thermal-neutron absorption cross sections, a property that is used 
for reactor shielding and control methods. All rare earths (ex­
cept europium and ytterbium) form dihydrides and can easily accom­modate more hydrogen to form trihydrides. Korst and Warf2' have 
studied the rare-earth hydrides extensively.

Figure 18 is a plot of the rare-earth hydride van't Hoff 
curves, and Table III gives the van't Hoff constants used to 
construct these curves. Figure 19 is the expanded van't Hoff 
curves for rare-earth hydrides.

18



0 to 20 30 40 50 60
Atom Porcont Hydrogon

Fig. 12. Pressure-composition isotberms for tbe hafnium-hydrogen system.

19



,*•***♦»’



*

D 
O o—o

-

%



1300°C

H/Y Atom Ratio

Pig. 15. Pressure-composition isotherms for the yttrium-hydrogen system.

22



Pr
vi

su
r*

o Absorption Points 
• Dosorption Points

949.4*C

899.3*C

Too.rc

601.4*C

0.001 -

0.0001
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

H/Y Atom Ratio

Pig. 16. Pressure-composition isotberms for the yttrium-hydrogen system.

23



Atom Percent Hydrogen
Fig. 17. Pressure—composition isotherms for the scandium-hydrogen system.

24



5

4

3

2

1

0

-1

-2

-3

-4

-s

T(°C)
727 441 283 182
"T----------- 1--------------- 1-----------n

L

See Fig. 19 for 
Expanded View

J

KEY
1. La-H
2. La-D
3. Ce-H
4. Ce-D
5. Pr-H6. Nd-H
7. Gd-H
8. Sm-H
9. Er-H

10. Yb-H
±6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 x10“3

1/T (K)
Pig. 18. Van't Hoff curves for the rare-earth hydrides.

25



TABLE III
RARE-EARTH HYDRIDES VAN'T HOFF CONSTANTS

Temperature Range
System A B (°C)

La-H 10847 10.644 598-798
La-D 10173 10.107 598-798
Ce-H 10761 10.63 516-670
Ce-D 10123 10.205 493-800
Pr-H 10879 10.526 600-800
Nd-H 11031 10.482 600-839
Sm-H 11700 10.526 600-800
Gd-H 10250 9.72 600-800
Er-H 11900 11.0 600-800
Yb-H 1440 65.92 200-352
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Korst and Warf23 thoroughly investigated lanthanum hydride up 
to atmospheric pressure; Figs. 20 and 21 show their results. They 
detected no hysterisis within experimental error. They also en­
countered higher equilibrium pressures when working with deuterium, as was expected.

Korst and Warf23 also investigated the Ce-H system at higher 
pressures (up to 40 atm), as seen in Fig. 22. The van't Hoff 
constants given in Table III were determined at plateau-pressure 
compositions, including data for the Ce-D system.

Praseodymium PCT data were not reliably reproduced at low pres­sures. but van’t Hoff curves using the data of of Korst and Warf23 
(Fig. 23) are probably the most accurate.

Figure 24 shows the results of Korst and Warf23 and Mulford 
and Holley24 from their work with the Nd-H system. They reached 
fairly good agreement in the plateau region, but the single-phase 
region was not reproducible. Again, the van't Hoff constants of 
Korst and Warf23 were used.

The Sm-H system has not been studied extensively. Figure 25 
is an isotherm at 600°C for the Sm-D system as reported by Korst and Warf.23

Sturdy and Mulford25 used higher-purity gadolinium than that 
available to earlier investigators and thereby obtained an 
accurate representation of the Gd-H system. Figures 26 and 27, 
which show their results, illustrate the two constant pressure 
plateaus of the Gd-H system. The investigators also reported 
the van't Hoff constants for this system.

TABLE III
RARE-EARTH HYDRIDES VAN'T HOFF CONSTANTS

Temperature Range
System A B (°C)
La-H 10847 10.644 598-798
La-D 10173 10.107 598-798
Ce-H 10761 10.63 516-670
Ce-D 10123 10.205 493-800
Pr-H 10879 10.526 600-800
Nd-H 11031 10.482 600-839
Sm-H 11700 10.526 600-800
Gd-H 10250 9.72 600-800
Er-H 11900 11.0 600-800
Yb-H 1440 65.92 200-352
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Pig. 26. Pressure-composition isotherms for the gadolinium-hydrogen system.
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Mulford26 investigated erbium hydride and reported its 
van't Hoff constants. No other dissociation pressure or thermo­
dynamic data are available.

The Warf and Hardcastle27 PCT data for the Yb-H system are 
shown in Fig. 28. Table III gives the van't Hoff constants for 
the plateau regions of these curves.
D. Actinide Hydrides

The actinide elements are extremely important in nuclear tech­
nology because uranium, thorium, and plutonium are used as fuels. 
Moreover, because hydrogen is an efficient moderator, the equilib­
rium relationships between these elements and hydrogen must be un­
derstood to safely apply these actinides in a nuclear environment.

As do the lanthanide elements, the actinides fill an under­
lying electron shell when they react chemically. However, the 
actinides do not have as similar properties as do the lanthanides.

Dissociation pressure and thermodynamic data concerning the 
actinide hydrides are sparse. The element that has been studied 
in depth for such information is uranium; little information is 
available on the Th-H. Pu-H. and Np-H systems.

Table IV lists uranium's van't Hoff constants, and Fig. 29 
plots the corresponding van't Hoff equation for uranium hydride.

Uranium reacts with hydrogen in a wide range of temperatures. 
The reaction rate increases up to 225°C, then decreases. Rates 
are slower for deuterium, possibly because of higher activation 
energies. Figures 30 and 31 are PCT data for the U-H system ob­
tained from Spedding et al.28 and Wicke and Otto.29 respectively. 
It is obvious that there is a large increase in hysterisis for 
a small increase in temperature. One of the main advantages of 
uranium is that it hydrides at room temperature. Also, tritium in 
an inert gas can be scavenged to a level less than 1 mCi/m3 wit' 
a uranium bed at 0°C (273 K).

TABLE IV
URANIUM HYDRIDE VAN’T HOFF CONSTANTS

System A B
Temperature Range 

(°C)

U-H 4500 9.28 260-430
4410 9.14 450-650
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Pig. 28. Pressure-composition data for the ytterbium-hydrogen system.
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Thorium hydride has not been investigated as thoroughly as uranium hydride. Its pressure plateaus slope upward with 
increasing hydrogen content, and these slopes are great enough 
that there is difficulty in determining the boundary of the one- 
and two-phase regions. Hydrogen solubility in thorium, however, 
is considerably greater than in uranium.

Negligible data are available for plutonium and neptunium.
E. Covalent Hydrides and Groups V Through VIII Transition Metals

Not many PCT data are available concerning these metal hydride 
systems, but of the known data, most of them concern the V-H.
Nb-H. and Ta-H systems. Figure 32 shows the isobars of these 
three systems at 760 mm Hg and 1 x 10~5 mm Hg. These data are 
from the research of Edwards and Veleckis.30 They used the 
following equations for these systems:
VanadiumInCP1/2) = 10.283 + 1.05981n[r/(0.89-r)] + (-3489.2-3269r+2563r2

-762.39r3+4818.3r4)/T. (2)
NiobiumInCP3-/2) = 10.212 + 0.9841n[r/(0.89-r) ] + (-4244.7-4000.4r

+8872.7r2-19338r3+16230.3r4)/T. (3)
Tantalumln(pl/2) = 9.97 + 1.00311n[r/(0.71-r)] + (-4051.4-3333.9r

+8350.7t2-17057.2r3+16951.4r4)/T, (4)
where

P = pressure (mm Hg),
T = temperature (K), and 
r = H/M.

Table V summarizes the solubilities of the rest of the metals 
discussed. As can be seen, the solubility of hydrogen in these metals is low.
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TABLE V
COVALENT HYDRIDE SOLUBILITIES

Element T(°C) PH2(mm W H/M

Lu 409 760 4 X 10-6

Ag 400 800 5.5 X 1—1
 o 1 o\

Al 400 760 2.4 X 1—1 o 1 00

Sn 400 760 4.7 X 10-5

Cr 400 760 1.3 X IQ"5
Co 600 753 4.7 X 10-5

Pt 409 760 1.2 X 10-5

III. ALLOYS
This section examines the PCT data for some metal alloys.

We divide the metals into two categories: alloys with high 
equilibrium pressure at low temperatures and those with low 
equilibrium pressure. Feed-gas impurity effects are included 
in each section.
A. High-Pressure (>1 atm) Plateau Alloys

The two systems in this pressure range most often investi­
gated are the La-Ni-H and Fe-Ti-H systems.

1. La-Ni-H Systems. The most common alloy of this group. 
LaNis. is easily activated and readily absorbs hydrogen at room 
temperature. Lanthanum, however, is costly and so other alloys have been made by substituting misch metals and magnesium for the 
lanthanum.

Uchida et al.31 investigated the systems Lai_xRexNi5 (Re = La,
Ce. Pr, Nd, or Sm). They found that adding these other metals to 
the alloy increases the pressure plateaus (Fig. 33) in proportion 
to the amount of rare earth present. The total amount of hydrogen 
absorbed, however, was constant. If investigators know the exact 
composition of the alloy, they can arrive at a good estimate of 
the equilibrium pressure. Conversely, they can engineer for this 
pressure by varying alloy composition.

Oesterreicher and Bittner32 investigated the system Lai_xMgxNi2- 
These alloys hydride at room temperature up to H/M = 1.4. The Mg 
slows the kinetics of the reaction and thus decreases the rate of heat evolution for exothermic reactions. This action prevents decom­
position of the intermetallic compound, which usually occurs because 
of high temperatures that result from the fast rate of reaction.
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2. Fe-Ti-H System. The pressure-composition isotherm of annealed strain-free FeTi exhibits an absorption isotherm and two 
desorption isotherms, as shown in Fig. 34. Reilly et al.33 found 
that the decrease in hydriding after many cycles was due to strain 
induced from cycling. The hydrogen capacity decreases from FeTi^ 95 
to a final steady-state value of FeTii.5 independent of cycle number.

Amano et al.34 report that splat quenching was used to produce 
FeTii+xOy and FeTii+x flakes. It was found that these alloys had 
no pressure plateaus, though they did have hydriding characteris­tics similar to FeTi. The splat-quenched method appears to produce 
an alloy with a surface area larger than that of an annealed alloy.

Splat quenching could be applied to other alloys as well. It 
makes the alloys easier to pulverize and so decreases fabrication 
costs.

3. Selective Absorption by LaNin and FeTi.35 Impurities 
present in the feed gas often interact with the metal surface, im­
peding or preventing hydrogen absorption and dissociation. This 
interaction decreases the reaction rate because the poisoning 
causes a lowering of hydrogen capacity.

CH4 and N2 do not affect the hydrogen absorption rate signi­
ficantly up to 20 vol% levels. CO2 passivates LaNig in concen­
trations up to 20 vol%; it deactivates FeTi, though reactivation 
with heat is possible. CO will deactivate both alloys in concen­
trations of less than 1 vol%. H2S causes strong passivation 
effects in LaNig. but reactivation at 700 K is possible. H2S 
poisons FeTi.
B. Low-Pressure (<1 atm) Plateau Alloys

This section examines several systems, including alloys of 
titanium, zirconium, magnesium, beryllium and uranium. Zirconium 
and titanium were the most common components of the alloys studied 
because of their good hydriding properties.

1. Titanium Alloys. The study of Mintz et al.36 details 
the Ti2MOx (M = Fe. Co. Ni; 0<x<5) system. Pure T^M compounds 
did not exhibit reproducible results. The decomposition curves 
occurred at 400°C + 50°C. The investigators espouse several 
plausible reasons for this behavior: (1) TiM compounds exhibit 
extreme sensitivity to surface impurities. (2) surface layers of 
the disproportionation reactions act as resistances, (3) partial 
disproportionation occurs during heating with H2. and (4) during 
cooling the titanium phase disproportionates into TiH2 and TiM at 
the surface. Ti2MOx alloys, however, allow for reproducible 
results with an oxygen content of <5%. Figure 35 is a pressure- 
composition isotherm for the Zr-Co-H system for comparative pur­
poses with theTi-M-H systems. Comparison of alloys at 10 at.%
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oxygen shows that stability increases from iron to cobalt to nickel. Titanium alloyed with copper as Ti.65Cu.35 absorbed 
35% more hydrogen when prepared as a glass rather than a crystal.

2. Zirconium Alloys. Irvine and Harris37 investigated the 
Zr-Co and the Zr-Ni-Co systems. Figures 36 and 37 are PCT graphs 
for these systems. Hydrogenation of ZrCo occurs readily at 473 K 
and 200 mm Hg. At 298 K. pressure is approximately 6xlO-3 mm Hg 
for the absorption isotherm. This low pressure points to the 
possible application of ZrCo in a tritium atmosphere.

Mendelsohn and Gruen38 investigated alloys of the form AB2 
hoping that these alloys would provide low-pressure absorption 
as bulk getters. In particular, they studied Zr(V1_xFex)2 
alloys were studied (x = 0.25. 0.3. and 0.35). Figure 38 shows 
isotherms for these alloys. The investigators found a linear 
correlation between the hydrogen equilibrium pressure and the 
amount of iron substituted: the less iron, the lower the pres­
sure.

Saes Getters S.p.A. of Milan. Italy, has done in-depth work 
with zirconium getters. Two of its alloys. 84%Zr-16%Al (ST 101) 
and 70%Zr-24.6%V-5.4%Fe (ST 707). have good hydrogen sorption at 
very low pressures, as Figs. 39 and 40 show. Neither alloy showed 
any appreciable tendency to form fine particles after absorbing 
large doses of hydrogen, which is a desirable trait for tritium 
handling.

3. Magnesium Alloys. Magnesium alloys were investigated pri­
marily because the lower weight of magnesium allows for a higher 
hydrogen weight capacity. Mintz et al.39 added small amounts of 
Group III A metals to magnesium to try to improve hydriding char­
acteristics over those of pure magnesium. Alloying increased the 
rate of activation (and the rate of hydriding after activation) 
because of the formation of oxide-free penetration sites on the 
surface of the reacting particles. The hydriding reaction rate ^s 
increased as the activation energy is cut in half for magnesium 
alloys containing about 0.4 at.% of a Group III A metal; this re­
lationship is evidence of a valency effect. Pressure plateaus did 
not go into the very low pressure range; however, work must be done 
in that region to determine the alloys' tritium storage capability.

4. Beryllium Alloys. As with the magnesium alloys, beryllium 
alloys were studied40 in hopes of finding a high-weight-efficiency 
hydriding alloy. Although all attempts to produce a rechargeable 
beryllium hydride by direct reaction of beryllium metal with hydro­
gen have failed, the alloys of Be2Ti. Be2Zr, and Be2Hf do form 
definite hydride phases.

Be2Ti is inactive at atmospheric pressure and room temperature. It is unstable and has a dissociation pressure between 1 and 150 atm at room temperature.
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Be2Zr reacts spontaneously at room temperature and atmo­spheric pressure to produce Be2ZrHi5. The plateau pressure 
at room temperature was less than 0.8 mm Hg with a H/M ratio of 
up to 1.4.

Be2Hf reacts similarly to Be2Zr with hydrogen, except it 
has a lesser hydrogen content (Be2HfHii).
C. Impurity Removal and Effects

CO, a major poison of getter beds, seriously poisons La(Ni,Al)5 
and (Fe.Mn)Ti at 25°C.41 Degradation in hydriding rates of the 
alloys is exponential. At temperatures below 100°C the tolerance 
of the alloys to impurities is minimal, but reactivation is pos­
sible at higher temperatures. At higher temperatures (1150C-145°C). 
CO reacted with hydrogen and with LaNi5 and (Fe.Mn)Ti surfaces to 
form CH4. The CH4 formation was essentially complete, so the 
direct poisoning effects of the CO were avoided. This temperature 
range increased the hydrogen transfer ability of the (Fe.Ni)Ti al­
loy. The Ti alloy was also less susceptible to irreversible bulk 
oxidation damage than La(Ni.Al)5. It was more susceptible, however, 
to retardation of the rate of hydrogen absorption. Mg2Ni was tested 
between 250°C and 350°C with high CO concentrations. The reaction 
of CO to CH4 competes with the hydriding reaction for surface sites, 
causing rate retardation. Eventually the oxygen liberated in the methylation results in oxidation of the magnesium and alloy degra­
dation.

Sandrock and Goodell42 tested LaNis, FeTi, and Fe.g5Mn.15Ti 
for impurity surface poisoning at 10 torr. They concluded that (1) 02 and H20 produce very similar results; (2) FeTi and
Fe.g5Mn.15Ti show continuous poisoning in the presence of O2 and H26, but LaNis does not (After an initial partial loss of capacity, 
LaNis almost completely recovers and then exhibits substantial 
immunity.); (3) CO is far more detrimental than either O2 or H2O 
to all three alloys; and (4) Fe.g5Mn.15Ti reaches a steady-state 
level after which little additional damage is done. Surface poi­
soning appears to result from the formation of a surface structure 
that inhibits rapid catalytic hydrogen dissociation, perhaps cov­
ering active sites. Apparently, a wide variety of structures can 
result, depending on the alloy and the impurity gas.
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