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ABSTRACT The effect of helium from tritium decay on the
gas-solid thermodynamics of palladium tritide for up to

Two plateaux are observed in both the absorption and one year of exposure has been reported. 3 The effect is
desorption isotherms of palladium hydride. For the a lowering of only one of the observed two plateaux in
absorption isotherm, a change in plateau pressure is the pressure-temperature-composition (P-T-C) region
observed at a hydrogen-to-metal (H/M) ratio of about of the isotherm where a single plateau is normally
0.35 for ali temperatures studied. For the desorption reported. A protium isotherm also showed the two
isotherm, the change in plateau pressure appears to be plateaux, and it was suggested that the existence of the
a function of temperature, ranging from an H/M ratio dual plateau is intrinsic to palladium, and not because
of 0.18 at 80"C to 0.3 at 140" C. These data are of some artifact of tritium or tritium decay.3
interpreted as being experimentally observed
boundaries to an equilibrium phase line located in the In this paper, the absorption and desorption
miscibility gap of the palladium/hydrogen phase protium isotherms for palladium powder are reported
diagram. This new phase does not appear to be a from 80* C to 140" C. These data were collected using
stoichiometric compound, but rather its composition palladium powder which had never been exposed to
seems to vary with temperature, tritium gas or tritium contaminated equipment. They

ali show the dual plateau, again suggesting that the two
INTRODUCTION plateaux are intrinsic to palladium.

The use of metal hydrides for storage, purifica- EXPERIMENTAL
tion, isotope separation, pumping, and compression
has proven to be an efficient and safe method for The palladium powder used in this study was
processing hydrogen isotopes. 1 However, when tritium purchased from Enselhard Industries, Inc., and is
is handled as a metal tritide, the radioactive decay described elsewhere.'-* The experimental assembly and
product, 3He, induces microstructural changes in the procedure are also described elsewhere, 4 In this case,
metal hydride lattice which do not occur for the isotherm data were collected immediately upon
protide or the deuteride. Because most of the helium quantitative charging of protium to the sample. The

generated b_ tritium decay in a metal tritide is retained error in t]_epressure measurements (10,000 Torr MKS
in the solid,': the influence of helium on the behavior of Baratron v Capacitance Manometer 390H) :in these
metal tritides must be understood to design gas studies is estimated based on calibration of the
handling systems which use metal tritides for tritium pressure transducer to be a maximum of 4"2% of the
storage and compression. 1 Studies necessary to reading at pressures equal to or less than 250Torr and
successfully utilize metal hydrides in hydrogen handling approximately 1.2% of the reading in the 500 to 1000
systems also contribute to the fundamental understand- Torr range. Temperatures were measured inside the
ing of the behavior of both helium and hydrogen sample vessel.4
isotopes in metals and metal hydrides.

* The information in this article was prepared during the course of work under Contract No.
DE-AC09-89SR18035 with the U.S. Department of Energy.

** Current address: Princeton Plasma Physics Laboratory, P.O. Box 451, Princeton, NJ. 08543



RESULTS

The set of absorption isotherms for protium on
palladium powder are shown in Fig.l, and the

......... --'T-'--------------T t 1 I I .........corresponding desorption isotherms are shown in Pd Powder, Desorption
Fig.2. The two plateaux for each temperature isotherm ,00o °
are clearly shown in both figures. _ _°/ • •

---- ~-

For the absorption isotherms, there appears to be
an area around H/M 0.3 to H/M 0.4 where the _"

transition to the upper plateau occurs. There is a slight ::"
temperature dependence to the transition point, but it _. ,oo
does not appear to be regular. For example, at 140" C,
the transition occurs at about H/M =0.35; at 120"C _ II o ,,oc

v t20C

and 1100 C, at about H/M=0.3; and at 10Ooc and || • ,,oclm . . • 10OC

80° C the transition occurs at about H/M = 0.4. In ali I_ polo, _otch: ; go
cases, the two plateaux are very flat. ,o/_ A493_tot#_89150o 0', #2 o'_ 01. o', 01. o,

For the desorption isotherms, the area of H,,'u(.....,o,oUo)
transition is shifted to lower H/M, and the temperature
dependence is opposite to the absorption isotherm Figure 2. Desorption Isotherms for Palladium Powder
data. At 140" C, the transition to the lower plateau
occurs at H/M = 0.28, whereas at 80"C the transition
occurs at H/M = 0.18. Again, the two plateaux are very
flat for ali temperatures.

Tb_ change in the pressure from the lower to the
upper plateau for both absorption and desorption
isotherms at ali temperatures is shown in Fig.3. There 50 _ . , , , . .......,. '-

is an increase in the APress with temperature for both Delta P for Transition Pts.
absorption and desorption data.
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Figure 1. Absorption Isotherms for Palladium Powder Figure 3. The change in pressure for both absorption
and desorption isotherms with temperature



DISCUSSION pressure of this plateau is reported in the literature as
the plateau pressure for palladium hydride at each

The unit cell for palladium has four palladium temperature, not the lower plateau. Also, as reported
atoms (f.c.c.) with four octahedral and eight tetrahe- previously the helium effect for palladium tritide does

dral interstitial sites. At an H/M ratio of one, there are not alter the up.per plateau for about one year of
four hydrogen atoms per unit cell. Therefore, at an tritium exposure.--"Hydrogen is occupying sites in unit
H/M ratio of about 0.25, there is one atom of hydrogen cells where a hydrogen atom already resides, and the
per unit cell, on average. This is the vicinity in the hydrogen-hydrogetk interaction becomes less attractive.
plateau region of the P-T-C isotherm where the second The average hydrogen-hydrogen distance has
plateau is developed, lt appears that when hydrogen decreased, and the repulsion among the two hydrogen
concentrations greater than about H/M 7-0.25-0.3 are atoms in the same unit cell is accommodated by an
achieved during absorption, the lattice sites of lowest adjustment which distorts the local interstitial sites.
energy for hydrogen occupancy change. On desorp- This may be the cause of the extra peak in the x-ray
tion, when hydrogen concentrations less than data.5 lt is this hydrogen-hydrogen interaction which is
H/M = 0.3-0.18 are achieved, a relaxation occurs which determining the site energy and thus the equilibrium
returns the system back to the more stable hydrogen pressure of the upper plateau.
site locations. Also, at least one extra peak in the x-ray
diffraction pattern for palladium hydride has been From the above, the lower plateau pressure
reported to have a lattice parameter about midway appears to be determined by hydrogen-palladium
between the bulk ez-and B-phases, assuming this peak interactions of a single hydrogen atom in a unit cell.
is a (422) reflection of f.c.c, hydride phases other than The upper plateau likewise results from hydrogen-
ez- and B-phases. 5 As with the two plateau observa- hydrogen interactions which cause the hydride to be
tion, this new peak occurs in the vicinity of the less stable than at lower hydrogen concentrations; the
isotherm where the second plateau is developed, palladium-hydrogen interaction is reduced by the

hydrogen-hydrogen interaction, lt appears that the
An attempt to describe the lower plateau interstitial sites which are associated with the upper

hydrogen site occupancy will be made, followed by a plateau are less affected by the nature ot' the palladium
description of the upper plateau. A hysteresis than the sites associated with the lower plateau.
argument is used to describe the apparent temperature
dependences of the transition points on the absorption
and desorption isotherms. t t_ ' • i I _ '" ,'-----'t .....

1. Upper andLower Plateaux ,ooo Pd/K & Powder, 80°C /!

/The lower plateau spans the palladium isotherm

from about H/M = 0.03 up to about H/M = 0.4. In 2- 'o./_'_//the region of the lower plateau there is only one _
"-" ._.-.2o7_"7.2__-_'--_'_-=*_ /)'

hydrogen atom per unit cell on average. An occupied _ /:.- /
unit cell appears to be less available for additional __ ,oo |/"_ _.'-S'---'S-d:-'-__
hydrogen occulpation than is an unoccupied unit cell. I"/" . A_,.po._o,
An average hydrogen-hydrogen distance is established lr , D,,. r,o,,_.,
which is determined by the hydrogen-hydrogen and ,if PowderBotch: o Ab=,Pa/K

'_ A4934 Lot# 36915 o De=, Pd/K
palladium-hydrogen interactions. The palladium-

J . J --L .... I

hydrogen interaction is very dominant here, caused by ,0 o'2 o_ o, 01, 0, o,0.0 O. 1

the distribution of one hydrogen atom per unit cell, HIM(moleratio)
which determines the site energy and thus the
equilibrium pressure for hydrogen observed as the Figure 4. Isotherms for Pd/k and PaUadium Powder
plateau pressure.

The upper plateau spans the palladium isotherm
from about H//vl = 0.25-0.3 to about H/M =0.6. The



A test of this hypothesis is made when palladium on cooling. Heating is associated with the dissolution
is coated on kieselghur (Pd/k). Fig. 4 shows a of the hydride phase, and cooling is associated with the
comparison of the protium absorption and desorption precipitation of the hydride phase. The conclusion is
isotherms for Pd/k and palladium powder at 80° C. that the hysteresis between the activation energies of
The upper plateaux are coincident but the lower the heat-up and cool-downTSS is approximately equal
plateaux show a slope for the Pd/k isotherm at less to the elastic accommodation energy.
pressure than the powder isotherms. By altering the
nature of palladium the lower plateau was altered. Perhaps there is an equivalent misfit associated
Constraint of palladium by the kieselghur, variation in with the transition points between the upper and lower
thickness or grain size, and variation in crystallite size pressures observed on the palladium hydride plateaux
ali could l_e contributing to this change. Since the in this work.
upper plateau is dominated by the hydrogen-hydrogen
ir.teraction, the nature of palladium has no effect on If upon absorption (cool-down) the transition
the plateau pressure; it is the same as the palladium point is associated with increased hydrogen-hydrogen
powder upper plateau, interaction, then the observed temperature depen-

dence is understood by an undercooling argument.
2. Hysteresis and the Transition Points Undercooling causes the TSS to be observed at higher

hydrogen contents than at equilibrium hydrogen
For the palladium powder absorption isotherms, concentrations. 6 An undercooling argument for the

the transition points are ali at higher H/M values than family of absorption isotherms requires a greater
the corresponding transition points for the desorption hydrogen concentration for the observed transition
isotherms. Also, the difference in the absorp- point as temperature decreases. This rearrangement
tion/desorption transition point for a given tempera- associated with the transition point is identified then as
ture isotherm increases with decreasing temperature, a rather coherent transition which is constrained by
This is a type of hysteresis that is temperature elastic energy as described for the TSS. This elastic
dependent at the temperatures used in these exper- energy appears to increase with temperature because
iments. This is not the normal absorption desorption the change in pressure across the transition point
hysteresis described for most metal hydride systems, increases with temperature (Fig.3). The upper plateau
The hysteresis referred to here is the AH/M between pressures indicate a less stable hydride caused by the
the transition points at each temperature for a given metal lattice distortions observed in the x-ray data. 5 If
absorption-desorption isotherm pair. the pressure change is increasing, the distortion must

be increasing and hence the elastic energy constraining
Increasing the temperature at which the isotherms the distortion must be increasing with temperature.

are measured increases the plateau pressure of gas
phase. The higher plateau pressure indicates that the Upon desorption (heat-up), the matrix relaxes at
hydride is less stable at higher temperatures the transition point; by analogy this is a good approxi-
(decreased chemical potential). There is also a larger mation to the stress-free TSS. 6 At higher tempera-
change in pressure between the upper and lower tures, the hydride is less stable and the relaxation
plateau pressures for a given absorption or desorption occurs at higher hydrogen concentrations because the
isotherm with increasing temperature. Neither of these elastic energy which is returned is larger. At the lower
effects by themselves explain the observed temperature temperature, the metal hydride is more stable, and the
dependence of the transition points, elastic energy returned by relaxation is less; therefore

more hydrogen must be removed from the hydride
From consideration of elastic and plastic before the system can relax.

accommodation effects on metal-hydride solubility, M.
P. Puls des.".ribes a hysteresis of the terminal solid In summary, it appears that the desorption
solubility (TSS) of hydrogen in metal hydrides.6 He isotherm transition points are a better measurement of
finds that undercooling is required to overcome the the equilibrium phase line than the absorption
barrier to nucleation of the hydride from the solid isotherm transition points. They show a very regular
solution and that i,_contributes significantly to the total temperature dependence and are associated with a
shift between the TSS data measured on heating and relaxatio_ of elastic energy constraining the metal



matrix when the less stable hydrogen interstitial sites 5. D.H. Everett and P.A. Sermon, "Crystallite size
are formed. Also, the upper plateau pressures appear effects in the palladium/hydrogen system: A
to result from hydrogen-hydrogen interactions which simultaneous sorption and x-ray study", Zeitschrift
reduce the palladium-hydrogen interactions. This f0.r Physikalische Chemie Neue Folge, 114 (197_))
gives the appearance of hydrogen interstitial sites 109.
which are less sensitive to the form of palladium.

6. a) M.P. Puls, "The effects of misfit and external
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