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ABSTRACT 

Our research examines the efficacy of tin additions to LaNis in improving the hydrogen 
storage capacity of the material during charging/discharging. Alloys were prepared using high 
energy ball milling (mechanical alloying), a technique superior to arc casting for alloying 
elements with a wide disparity in melting points. Characterization by x-ray diffraction and 
Rieweld analysis shows that tin preferentially occupies the Ni(3g) sites in the LaNis structure, 
and the unit cell volume increases linearly with tin content to the maximum tin solubility of 
7.33 atomic percent ( L a N 4 . 5 & 3 ~ . 4 ) .  We found that powders prepared by mechanical alloying 
and not exposed to air require no activation to induce hydrogen absorption. The hydrogen 
storage capacity in the gas and electrochemical phase was measured as a function of tin content. 
We found that with increasing tin, the plateau pressure decreases logarithmically, whereas the 
hydrogen storage capacity decreases linearly. 

INTRODUCTION 

Over the last twenty years, LaNi,-based intermetallic compounds have been widely 
researched as hydrogen storage materials because these compounds can store approximately 
one hydrogen atom per metal atom (H/M = 6 )  and the LaNisHx (x x 6) hydride forms at near- 
ambient conditions of pressure and temperature.' Furthermore, the hydriding characteristics 
can be easily altered through the substitution of other elements on lanthanum and nickel ~ites.2'~ 
Metal hydrides based on the LaNis structure for use in nickel/metal hydride batteries operating 
in KOH have met with growing success? However, factors contributing to capacity 
degradation upon hydrogen cycling, such as powder comminution due to the volume change 
between the hydrogen-fiee and hydrided material, as well as attack by the KOH electrolyte, 
continue to be obstacles in l l l y  developing LaNiS-based electrodes? Generally, alloys 
showing little hysteresis between the pressures for hydride formation and decomposition suffer 
less degradation during cyclic charging and discharging! 

Previous studies have shown that LaNi4$3q-,, and LaNi4.27Sq,24 can be hydrided at low 
hydrogen pressures and exhibit remarkably little cyclic degradation in the gas phase.6" These 
properties are similar to those of aluminum-substituted LaNis? Unfortunately, in 
electrochemical applications, LaNiS,Aly is attacked by KOH and aluminum is lost fiom the 
structure. LaNi5,Sny may prove to be more resistant to chemical attack in KOH. 



This research investigates the effect of tin on the structure of LaNi5 as well as the effect of 
tin on the hydrogen storage properties measured in the gas phase and electrochemically. 

EXPERIMENTAL METHODS 

The alloys, LaNis,Sny (y = 0.0, 0.10, 0.29, and 0.39), were produced by mechanical 
alloying #lo0 mesh, 99.5 % purity LaNi5 powder (CERAC, Milwaukee, Wisconsin) with #lo0 
mesh, 99.999% purity tin powder (AESAR, Ward Hill, Massachusetts). Ball milling was 
chosen over conventional arc casting techniques because of the ease with which low melting 
point elements such as tin can be alloyed to high-melting point intermetallics like La& In 
addition, ball milling prevents the development of compositional inhomogeneities which are 
found in alloys prepared by conventional casting. The powder was processed and handled in an 
argon glovebox containing less than 1 ppm oxygen. Alloys were mechanically alloyed for four 
hours using a SPEX 8000 mixer/mill, a tungsten carbide vial, and a single. 12.1-gram tungsten 
carbide ball. The powders were then annealed in a quartz tube in the same glovebox at 800 OC 
for 30 minutes. X-ray diffiaction of the powders, described elsewhere," indicate that following 
the annealing, all of the tin was incorporated either into the LaNis structure or into a Ni(Sn) 
solid solution which precipitated to preserve the LaNi5 stoichiometry. 

' The powders used for hydrogen storage studies from.the gas phase were sieved to particle 
sizes between 45pm to 150pm. One gram of alloy powder was mixed with an equal weight,of 
copper powder to improve the thermal conductivity of the sample. This was necessary to 
minimize changes in temperature during hydride formation and dissolution. Alloys which were 
weighed, mechanically alloyed, and annealed in the glovebox, were also. stored, sieved, and 
placed in the sample holder in the same glovebox without. exposure to air. 

The hydrogen storage characteristics were measured at O°C using a computer-controlled 
Sieverts apparatus, described elsewhere.' For all compositions studied, the ball-milled alloys 
required no high hydrogen gas pressure or high temperature exposure to activate the surfaces 
for hydride formation. However for the first three cycles, the absorption plateau pressures 
consistently dropped with the number of cycles and reached a constant value thereafter. 
Therefore, prior to measuring each pressure-composition isotherm, the alloys were charged and 
discharged five times between 5000 torr and vacuum. At the conclusion of the pressure- 
composition measurements, absorption plateau pressures were measured at four different 
temperatures, ranging from O°C and 40°C, for van't Hoff analysis. These pressures were 
measured at the midpoint of the absorption plateau at a constant hydrogen content since 
previous research has shown that reaction enthalpies can vary across the plateau region.12 

Working electrodes for electrochemical characterization were prepared by mechanically 
pressing a 1 : 1 mixture of LaNi5,Sny powder and binder onto nickel-mesh at a pressure of 200 
kg/cm2. The binding material was carbon (Vulcan-XC-72) teflonized with 33% PTFE 
(polytetra-fluoroethylene). The geometrical area of the working electrode was 2 cm2. The 
counter electrode, obtained from Hughes Aircraft Company, consisted of sintered NiOOH and 
had a larger geometric area than the working electrode. Electrochemical measurements were 
performed in the flooded electrolyte condition using open cells containing a 31 wt. % KOH 
solution, which is the same concentration used in alkaline batteries. The electrolyte was 
prepared from reagent grade KOH and deionized water. The electrodes were tested for their 
charge/discharge characteristics, initial capacity, and cycle life. The potentials were measured 
with respect to a Hg/HgO reference electrode. Cycle life measurements were performed using 



an Arbin Battery Testing System (College Station, TX, USA) by charging at a 0.5C rate for 2.5- 
3 hours and discharging at the same rate to a cut-off potential of -0.7 V. 

RESULTS AND DISCUSSION 

The lattice parameters of mechanically alloyed LaNi5,Snx powders, (O<x<0.6), measured 
by x-ray diffraction, Figure 1, show that the unit cell volume increases linearly with increasing 
tin content to a maximiun of 0.0908nm3 at the solubility limit of LaNi4.56Sq,.44. A Rietveld 
analysis of these diffraction patterns" showed that tin replaces nickel in the 3g sites of the 
intermediate planes in the hexagonal LaNi5 structure. Also derived in this work" is the nickel- 
rich corner of the La-Ni-Sn ternary phase diagram with lattice parameter data and solubility 
data for fcc Ni(Sn). 

Cohen et at.13 suggested that the degradation in the hydrogen storage capacity of LaNi5H6 is 
caused by the disproportionation of the hydride into LaH2 and Ni. L a 2  is undesirable because 
it is a stable hydride which does not decompose at room temperature. This dispro ortionation 
is thought to occur by the exchange of lanthanum and nickel at the nickel 3g sites! Although 
the room temperature mobility of lanthanum in LaNi5 is small, the mobility is largely increased 
when the LaNi5 unit cell is expanded in the hydrided condition. Recently, this theory has been 
supported by the observation of LaH2 Bragg peaks in hydrogen-cycled LaN.i,.* Elements such 
as aluminum and silicon, which also substitute for nickel in 3g sites, have been linked with 
increased stability against cyclic degradati~n?~'~ By occupying this site, the aluminum atoms 
are thought to block the lanthandnickel exchange and thereby help retain the initial hydrogen 
capacity of the alloy? Since tin also occupies the nickel 3g sites in LaNi5, the same mechanism 
may operate in the present alloys. 

Figure 2 shows the hydrogen absorption and desorption pressure plateaux as a function of 
tin content. The abscissa at the top of the figure shows the LaNis,ySny unit cell volume which is 
proportional to the tin concentration as shown in Figure 1. The logarithm of the plateau 
pressure decreases linearly with increasing unit cell volume. A similar dependence of plateau 
pressure on unit cell volume was found by Mendelsohn and Gruen? who substituted different 
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Figure 1 - LaNi5,Sny unit cell parameters as 
a function of tin content, y. 

Figure 2 - Pressure plateaux as a function of 
tin content and unit cell volume. 



rare earth elements for lanthanum in LaNi5. 
However, the slope derived for the 
LaNi5,Sny alloys in Figure 2 does not 
match that found by Mendelsohn and 
Gruen. 

Although the LaNi5 unit cell volume 
increases with tin content, the hydrogen 
storage capacity decreases, Figure 3. These 
capacities were measured at pressures equal 
to six times the absorption pressure plateau 
of alloy, listed in Table I. The decrease in 
hydrogen storage capacity is due to 
electronic effects. Gscheidner, et al.,I5 
attributed the loss in hydrogen capacity in 
LaNi5_yAly alloys to the partial filling of the 
alloys' 3-d band by electrons donated by 
the Al. This filling decreases the number of 
holes that can be occupied by electrons 
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Figure 3 - Gas phase hydrogen capacity in 
LaNi5,Snyas a function of tin content, y. 

from the hydrogen. We believe a similar 
mechanism applies to the present 
tin-substituted alloys. The dashed line in Figure 3 is the predicted hydrogen storage capacity 
calculated assuming that each tin donates three electrons to the 3-d band of LaNi5. 

Table I summarizes the gas phase results for the LaNi5,Sny alloys including the van't Hoff 
analyses. Note that the enthalpy for hydride formationdecreases with increasing tin content but 
the entropy stays approximately constant. The measured entropy is largely that lost by the 
hydrogen gas as it enters the LaNi5 lattice? 

Figure 4 shows the electrochemical discharge capacity as a function of tin content. 
When tested electrochemically at room temperature, LaNi5 and LaNi5,Sny alloys containing 
low amounts of tin were observed to form bubbles on the surface of the working electrode. 
Hydrogen escaped to the air instead of entering the LaNi5 lattice because the .plateau pressures 
of these alloys were near one atmosphere and the partial pressure of hydrogen in air is low. 
Because the escaped hydrogen is not accounted for, the electrochemical discharge capacity 
measurements are low. Decreasing the cell temperature decreased the gas evolution and 
increased the apparent discharge capacity, as shown by the solid triangles in Figure 4. 

Table I - Gas phase characterization of LaNi5,Sny 

AH AS Capacity at 
Composition Pabs Pdes 6pabs 

(torr) (torr) (WLaNi5,Sny) (kT/mol H2) (J/mol H2 K) 
39653 5.789 28h6 104520 LaNi5 785k14 

LaNi4.goS%.lo 35058 226h4 5.570 3 1.3h3.8 107k13 
LaNi4.8OS%,20 8M2 13M2 5.333 32.4h2.0 10657 
LaNi4.7 1 Sn0.29 8655 6552 4.93 1 32.8h0.6 kOB2 

58k8 43h3 4.598 34.650.2 104.0k0.6 LaNi4.61S%.39 





for hydride formation and decomposition decreases logarithmically. The hydrogen storage 
capacity of LaNis,Sny from the gas phase decreases with increasing tin concentration. This 
decrease is also evident in the discharge capacity measured electrochemically provided 
hydrogen gas evolution is suppressed. 
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