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The structure, gaseous storage, and electrochemical properties of Mo-modified C14-predominant AB,
metal hydride alloys were studied. The addition of Mo expands the unit cell volume and stabilizes the
metal hydride. This increased metal-to-hydrogen bond strength reduces the equilibrium plateau pres-
sure, reversible hydrogen storage, and the high-rate dischargeability in the flooded cell configuration,
but not the high-rate dischargeability in the sealed cell configuration. The low-temperature performance
was improved by the addition of Mo through increases in bulk diffusion rate, surface area, and surface
catalytic ability. The increase in bulk diffusion is the result of smaller crystallites and larger AB,-AB, grain
boundary densities. The increase in surface area is due to the high solubility of Mo in alkaline solution.
Even with a higher leaching rate, the Mo-containing alloys still have strong corrosion resistance which
contributes positively to both the charge retention and the cycle life performances. As the Mo-content in
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the alloy increases, the low temperature performance improves at the expense of a lower capacity.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Nickel metal hydride (Ni/MH) batteries have become the lead-
ing battery technology for hybrid electrical vehicles due to their
superb abuse tolerance, calendar life, high rate charge acceptance,
and environmental and safety performance. AB, alloys were pro-
posed as the candidates to replace the current AB5 alloys for higher
capacity [1-3]. However, Ni/MH batteries using existing AB, and
ABs metal hydride (MH) alloys are inferior to NiCd batteries in
low-temperature high-power application [4,5]. Three elements,
Cu [6-8], Fe [9-11], and Mo [12-16], have been identified to
improve the low-temperature performance of ABs alloys and we
have decided to start with Mo in a series of effort to improve the
AB; MH alloys in the same application. In AB, alloy system, Mo
shows the highest solubility compared to Mn, Zr, V, Cr, and Ti [17],
increases the total hydrogen storage capacity (including the non-
reversible part) [17,18], lowers the plateau pressure [19], facilitates
the hydrogen diffusion in the bulk [20], shortens the activation pro-
cess by increasing the surface porosity [18,21], increases the surface
charge transfer resistance [ 18], improves both the low-temperature
[13] and high-temperature [22] performance, but shortens cycle
life [23-25]. Mo-substitution/addition in other hydrogen storage
alloys, such as AB3 [15,26-28], transitional metal based BCC alloys
[29-32], and ABs5 [12,14,33-38], were reported previously. Since
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the results obtained so far are not all consistent, a more thoughtful
study in this subject is necessary. In this report, we will focus on
the effects of Mo-addition to the structures, gaseous phase storage,
and electrochemical properties (especially at low temperature) of
AB, MH alloys.

2. Experimental setup

In this study, induction melting was performed under an argon
atmosphere in a 2 kg furnace using a MgAl,O4 crucible, an alumina
tundish, and a steel pancake-shape mold. The chemical com-
position of each sample was examined by a Varian Liberty 100
inductively coupled plasma (ICP) system. A Philips X'Pert Pro x-
ray diffractometer (XRD) was used to study the micro-structure,
and a JOEL-JSM6320F scanning electron microscopy (SEM) with
energy dispersive spectroscopy (EDS) capability was used to study
the phase distribution and composition. Pressure-concentration-
temperature (PCT) characteristics for each sample were measured
using a Suzuki-Shokan multi-channel PCT system. In the PCT anal-
ysis, each sample was first activated by a two-hour thermal cycle
between 300 °C and room temperature at 25 atm H; pressure. Then
PCT isotherms at 30°C and 60°C were measured. Details of both
electrode and cell preparations as well as measurement methods
have been reported previously [39,40]. AC impedance measure-
ments were conducted using Solartron 1250 Frequency Response
Analyzer with sine wave of amplitude 10 mV and frequency range
of 10mHz to 10kHz. Prior to the measurements, the electrodes
were subjected to one full charge/discharge cycle at 0.1 C rate using
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Fig. 1. XRD patterns using Cu-K, as the radiation source for alloys MoO (a), Mo1 (b),
Mo2 (c), Mo3 (d), Mo4 (e), and Mo>5 (f).

Solartron 1470 Cell Test galvanostat, discharged to 80% state-of-
charge (SOC), and then cooled to —40°C.

3. Results and discussion

Six alloys with Mo substituting for Co at various levels from 0
to 5 at.% were prepared, and the design compositions are listed in
Table 1. The base alloy (Mo0) with no Mo substitution was selected
due to good high-rate dischargeability (HRD). The average elec-
tron density (e/a) for each alloy, calculated from the numbers of
outer-shell electrons of the constituent elements, is listed in Table 1.
Each e/a value is lower than the C14/C15 threshold of 7.0-7.1, and
therefore a C14-predominant structure is anticipated [41,42]. The
ICP results of all six alloys show very close values to the design
compositions.

3.1. XRD structure analysis

The XRD patterns of the six alloys are shown in Fig. 1. Almost all
peaks can be fit into a hexagonal C14 (MgZn,) structure. The peak
at around 41.5° corresponds to the B2 structured TiNi secondary
phase [43]. This phase is the precursor of further solid-state trans-
formation into ZrxNiy type of secondary phases [44,45]. The lattice
constants, a and c, calculated from the XRD patterns are listed in
Table 1. As the amount of Mo increases, both a and c increase mono-
tonically due to the larger atomic radius of Mo. This is proof that
most Mo atoms reside in the B-site since Mo is smaller than Zr
and Ti, but larger than the other B-site elements except for Al and
Sn [46,47]. If most of the Mo atoms substitute Zr or Ti in the A-
site, the lattice constants will reduce. The a/c aspect ratio decreases
slightly with increasing Mo-content and predicts a higher degree
of pulverization during cycling [48-50]. In the case of ZrCr,_,Moy,
the preference of Mo in the 2a sites over 6h sites increases the
a/c aspect ratio [51]. The 2a site forms two tetrahedrons with 6h
sites above and below. Therefore, the substitution with Mo in the
2a site will increase lattice constant a more than c. Our finding
in the trend of a/c aspect ratio with the change in Mo-content is

opposite and therefore a preference of Mo on the 6h site in the
current ZrNiy-based alloy is proposed. The C14 unit cell volume
also increases monotonically with the increase in Mo-content. The
crystallite size was estimated by the Scherrer equation using the
full-width at half the maximum (FWHM) of the C14 (103) peak in
the XRD spectrum [52] and is listed in Table 1. As the amount of
Mo increases, crystallite size becomes smaller, and consequently
the AB,-AB, grain boundary density increases and attributes to
the bulk transportation of hydrogen, which will be discussed later
in this paper.

3.2. SEMJEDS phase analysis

The microstructures for this series of alloys were studied by
SEM and the back-scattering electron images (BEI) are presented in
Fig. 2. Samples were mounted and polished on epoxy blocks, rinsed
and dried before entering the SEM chamber. The compositions in
several areas identified by numerical numbers in the micrographs
were studied by EDS and the results are listed in Table 2. The Sn-
content in each of the alloys is very small and was not detectable
in most of the EDS measurements. Some B/A (stoichiometric num-
ber) and e/a values were also calculated and are listed in Table 2.
Besides occasional ZrO, inclusions, the alloy is mainly composed
of AB; as the major phase (with B/A around 2.0) and ZrxNiy, (can be
TiNi, ZrNi, Zr7Niyg, ZrgNiq; or combination) as the minor phase. The
e/avalues of the AB, phases are all below the C14/C15 threshold and
correlate well with the C14-predominant structure. The amount of
ZrxNiy secondary phase is about the same for all six alloys in this
study. This is an important observation since later on we cannot
relate the higher bulk diffusion constant with the AB;/ZrxNiy grain
boundary density. There is one high-vanadium phase (presumably
BCC-structured) found in alloy Mo4.

3.3. Gaseous phase study

Gaseous phase hydrogen storage properties of the alloys were
studied by PCT. The resulting absorption and desorption isotherms
measured at 30°C are shown in Fig. 3. The information obtained
from the PCT study is summarized in Table 3. The plateau pressure
increases by a small amount in the beginning and then decreases
as the level of Mo increases in the alloy. Both positive and negative
effects of Mo-substitution in the MH alloys on the hydrogen equi-
librium pressure have been reported. On one hand, Mo is larger
than most of the other B-site elements, and the expansion in lattice
will increase the hydrogen storage site, make the hydride more
stable, and lower the plateau pressure in most of the MH alloys
[19,22,28,36]. On the other hand, Mo has the highest electronega-
tivity in the group of B-site elements and will more strongly repel
the extra electron brought in by hydrogen [34]. As low levels of
Mo (1 at.%) are added, the lattice only expands by a small amount
and does not have a large influence on the metal-to-hydrogen
bond strength. According to Table 3, the plateau pressure increases
slightly (difficult to see in Fig. 3a) because of the increase in elec-
tronegativity which is against further addition of hydrogen into the
alloy. With more Mo added into the alloy, lattice expansion starts
to play a more important role, and the plateau pressure decreases
as a consequence.

The slope factor (SF) is defined as the ratio of the storage capac-
ity between 0.01 and 0.5 MPa to the total capacity. SF of each alloy
islisted in Table 3 and can be used to determine the degree of disor-
der in the alloy [46,53]. As the Mo-content increases, SF decreases
monotonically and indicates that the degree of disorder increases.
This result agrees with the smaller crystallite size found by XRD
analysis. The hysteresis of the PCT isotherm, listed in Table 3, is
defined as In(P,/Py ), where P, and P4 are the absorption and desorp-
tion equilibrium pressures, respectively. The hysteresis can be used
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Table 1

Design composition, e/a average number of outer-shell electrons, lattice constants a and c, a/c ratio, C14 lattice volume, full width at half maximum (26, in degrees) for (10 3)

reflection peak, and corresponding crystallite size from XRD analysis.

Alloy # Tiat% Zrat% Vat% Crat% Mnat% Coat% Niat% Alat% Snat% Moat% e/a a(A) c(A) afc Vcig (A3) FWHM Crystallite
(103) Size (A)
MoO 12.0 215 100 7.5 8.1 8.0 32.2 0.4 0.3 0.0 6.82 4.9667 8.0974 0.6134 172.99 0.199 634
Mo1 12.0 215 100 75 8.1 7.0 32.2 0.4 0.3 1.0 6.79 4.9709 8.1212 0.6121 173.79 0.215 558
Mo2 12.0 215 100 75 8.1 6.0 32.2 0.4 0.3 2.0 6.76 4.9789 8.1299 0.6124 174.54 0.241 471
Mo3 12.0 215 100 75 8.1 5.0 32.2 0.4 0.3 3.0 6.73 49877 8.1471 0.6122 175.52 0.315 326
Mo4 12.0 215 100 75 8.1 4.0 32.2 0.4 0.3 4.0 6.70 4.9942 8.1712 0.6112 176.50 0.340 296
Mo5 12.0 215 100 75 8.1 3.0 32.2 0.4 0.3 5.0 6.67 5.0004 8.1766 0.6116 177.06 0.323 315

to predict the pulverization rate of the alloy during cycling [48-50].
In this case, hysteresis increases with the increase in Mo-content,
which agrees with the decreasing a/c ratio by the correlation estab-
lished previously [48-50]. Alloys with higher Mo-contents are more
prone to pulverize during cycling.

With an increase in Mo-content, the maximum storage capac-
ity decreases slightly, but the reversible storage capacity decreases
monotonically as determined by PCT analysis (Table 3). The avail-
able hydrogen storage sites (about 3 per AB; formula) do not change
with Mo-addition. However, the metal-hydrogen bond strength
increases, which can be seen from the decrease in plateau pressure
resulting from an increase in Mo-content. Therefore, the hydrogen
becomes more difficult to be removed from the alloy.

Desorption equilibrium pressure at 0.75% storage capacities
measured at 30 and 60°C were used to calculate the changes in
enthalpy (AH) and entropy (AS) by the equation

AG=AH-TAS=RT In P (1)

2OKY  2000x e - 20KV  2000X

where R is the ideal gas constant and T is the absolute temperature.
The results of these calculations are listed in Table 3. The absolute
value of AH increases monotonically with increasing Mo-content
and indicates that a more stable hydride has been formed. The AS
values are very similar and close to the AS between the hydrogen
gas and hydrogen in the solid [54].

3.4. Electrochemical measurement

Discharge capacities of the six alloys were measured in the
flooded cell against the partially pre-charged Ni(OH), as the pos-
itive electrode. Before the half-cell measurement, MH electrode
was pre-activated in 30% KOH solution at 100°C for 4 h. The ini-
tial discharge capacity before any charge input exists due to the
hydrogen absorption generated as a result of the metal oxidation
in the electrolyte. This capacity can be used to quantify the ease of
activation [55]. A higher initial discharge capacity can be correlated
to an easier oxidation/activation of the alloy. The amount of pre-

ROLY 2000X

Fig. 2. SEM backscattering images for alloys MoO (a), Mo1 (b), Mo2 (c), Mo3 (d), Mo4 (e), and Mo5 (f).
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Table 2

EDS result in atomic percentages from area identified in SEM micrograph (Fig. 2).
Alloy # Ti Zr \4 Ni Co Mn Cr Al Mo Sn B/A ela Phase
Mo0-1 14.6 19.4 8.6 383 6.4 7.5 5.1 0.0 0.0 0.1 1.9 7.03 AB,
Mo0-2 233 18.0 3.0 45.6 5.1 3.5 14 0.0 0.0 0.1 14 ZryNiy
Mo0-3 39 80.4 34 6.2 13 2.1 2.2 0.0 0.0 0.5 Zr0,
Mo1-1 7.4 67.3 43 125 2.3 3.1 2.8 0.4 0.0 0.0 Zr-metal
Mo1-2 11.0 223 11.7 27.0 7.5 9.4 9.2 0.9 1.2 0.0 2.0 6.60 AB;
Mo1-3 26.5 17.9 1.1 47.1 4.2 2.1 0.3 0.9 0.1 0.0 13 ZryNiy
Mo1-4 0.8 95.6 0.5 1.9 0.3 0.2 0.2 0.4 0.0 0.0 Zr0,
Mo2-1 10.3 59.6 4.5 15.5 2.7 3.8 2.6 0.0 1.1 0.0 Zr-metal
Mo2-2 10.5 20.1 12.0 29.1 6.6 9.5 9.4 0.3 2.6 0.0 2.3 6.72 AB,
Mo2-3 25.6 15.5 1.8 49.5 4.1 2.6 0.6 0.1 0.2 0.0 1.4 ZryNiy
Mo2-4 5.6 78.2 2.4 8.9 0.8 1.5 1.2 0.0 14 0.0 Zr0;
Mo2-5 9.2 203 12.0 26.3 6.6 10.5 11.6 0.4 3.1 0.0 23 6.63 AB;
Mo3-1 16.0 209 6.4 41.0 4.0 6.2 3.9 0.2 1.5 0.0 1.7 7.02 TiNi+AB;,
Mo3-2 10.1 20.0 12.0 28.7 5.6 9.8 9.6 0.2 4.0 0.0 22 6.69 AB;
Mo3-3 25.9 16.8 13 48.9 3.6 24 0.5 0.2 0.4 0.0 13 ZryNiy
Mo3-4 7.3 53.6 7.0 16.3 2.5 5.1 5.0 0.2 3.1 0.0 Zr0,
Mo3-5 8.4 59.6 3.7 19.5 1.8 3.1 2.4 0.0 1.5 0.0 Zr0,
Mo4-1 10.7 203 10.8 30.8 4.8 10.2 8.5 0.2 3.7 0.0 22 6.74 AB;
Mo4-2 25.8 17.5 1.0 48.8 3.6 25 0.4 0.0 0.4 0.0 13 ZryNiy
Mo4-3 5.1 2.1 355 3.8 0.9 5.9 222 0.0 24.5 0.0 12.9 BCC
Mo4-4 19.7 28.5 13 43.0 3.1 24 0.7 0.9 0.3 0.0 1.1 ZryNiy
Mo4-5 7.6 55.6 4.9 20.2 2.0 4.7 3.1 0.4 1.6 0.0 Zr0,
Mo5-1 10.9 19.9 11.0 31.3 34 9.8 8.5 0.0 5.2 0.0 22 6.73 AB,
Mo5-2 11.5 203 10.1 329 3.5 9.6 7.9 0.2 4.0 0.0 2.1 6.77 AB,
Mo5-3 245 18.9 14 48.9 2.6 24 0.5 0.1 0.7 0.0 13 ZryNiy
Mo5-4 6.6 77.3 0.7 12.8 0.4 1.0 0.4 0.0 0.8 0.0 Zr0,
Mo5-5 10.5 385 4.6 33.2 1.9 5.5 2.8 1.2 1.8 0.0 1.0 ZryNiy

chargeinmAh g~ for each alloy is listed in Table 3. The alloy surface
becomes very corrosion-resistant with any level of Mo-addition,
which was reported by Li et al. [18]. However, the highest solu-
bility of Mo among the elements in the alloy also increases the
surface area by a large amount [17]. It is not common to have an
additive which increases the surface area and still maintains the
corrosion-resistant nature.

Discharge capacities of the first cycle at different discharge rates
after activation are plotted in Fig. 4. The discharge capacities at 300
and 5mAg-! are listed in Table 3. The discharge capacity increases
at low substitution levels of Mo and then decreases at high substi-
tution levels. The trend is similar to the evolution of PCT plateau
pressure but not to that of the gaseous phase storage capacity.
The difference between hydrogen storages in the gaseous phase

Table 3

and electrochemically resides in the surface. While a clean, fresh,
and recently exposed surface in gaseous phase is important, the
structure and composition of the surface oxide and the embedded
metallic inclusions are important for the electrochemical storage
and discharge of hydrogen [56]. The addition of Mo changes the
surface properties (porosity, metallic cluster composition, oxide
thickness, etc.) and thus changes the evolution of electrochemical
capacity.

Half-cell HRD of each alloy, defined as the ratio of discharge
capacity measured at 300mAg-! to that measured at 5mAg-1, is
listed in Table 3. In a flooded cell, the half-cell HRD value decreases
with the increase in Mo-content. The result is consistent with the
decrease in plateau pressure, the decrease in reversible gaseous
phase hydrogen storage, and the increase in |AH|, which are all

Summary of gas phase properties (plateau pressure, slope factor, hysteresis, and maximum capacity), and results from half-cell measurement (pre-charge, capacity, high-
rate dischargeability, diffusion coefficient, and exchange current density) and full-cell (cycle life, charge retention, specific power, and low-temperature performance)

measurement.

Des. Slope factor ~ PCT Max. cap.at  Reversible —AH —AS Pre-charge Cap at Cap at
pressure at  at 30°C (%) hysteresis 30°C(wt%) cap.at (kJmol-1) (Jmol-1) (mAhg1) 300mAg-! 5mAg!
0.75%, at at 0.75%, at 30°C (Wt.%) (mAhg1) (mAhg1)
30°C (Torr) 30°C

MoO 387 80.8 0.05 1.49 1.38 33.7 105 15 311 366

Mo1 404 80.0 0.07 1.46 133 354 111 2 317 376

Mo2 370 78.1 0.07 143 1.24 36.4 114 7 320 384

Mo3 247 67.3 0.14 1.46 1.21 36.7 111 3 280 370

Mo4 139 64.9 0.29 1.44 1.16 37.8 111 3 284 375

Mo5 130 64.6 0.41 142 1.08 38.7 112 1 273 364
HRD Diffusion Exchange 70% cycle life 30 days Room temp. Low-temp. Charge transfer Double-layer

coefficient current charge specific power -10°C, resistance at capacitance at
(1019cm?s 1) (mAg) retention (Wkg1) 0.5C (%) —40°C(Qg) —40°C (Faradg™')
(%)

MoO 0.850 2.5 225 225 18 151 44 70.4 0.120

Mo1 0.843 5.8 27.9 350 19 157 65 59.0 0.155

Mo2 0.833 4.1 20.8 355 16 162 63 40.2 0.184

Mo3 0.757 5.1 243 355 22 168 74 53.1 0.152

Mo4 0.757 7.3 353 350 32 165 94 28.3 0.297

Mo5 0.750 5.6 341 360 38 169 96 29.3 0.228
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Fig. 3. 30°CPCT isotherms of alloys Mo0, Mo1, and Mo2 (a) and Mo3, Mo4, and Mo5
(b). Open and solid symbols are for absorption and desorption curves, respectively.

related to the metal-hydrogen bond strength. The surface reaction
is not a determining factor for the half-cell HRD as in the case of
flooded cell testing.

Besides the metal-hydrogen bond strength, both the bulk dif-
fusion coefficient (D) and the surface exchange current (I,) are
important parameters for analyzing the MH alloy for use in a sealed
Ni/MH battery. The details in measuring both parameters were
reported previously [57], and the values are listed in Table 3. In most
cases, the Mo-containing alloys have higher D and I, values than
those of Mo-free alloy. The improvement in bulk diffusion by adding
Mo is due to the increase in the AB,-AB, grain boundary density as
seen from the XRD analysis, which was also reported in many dif-

400
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® 350 |
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£ ==Mo4
2 35
S ~-Mo5
o
S
8 300+
©
=
2
250 ; ‘ : L
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Discharge rate (mA g1)

Fig. 4. The rate-dependency of discharge capacity from half-cell measurement for
alloys Mo0O to Mo5.

ferent alloy systems [26,27,37]. Since XRD analysis shows similar
ZrxNiy abundance (known to be important in the electrochemical
properties of the alloys [58,59]), the increase in bulk diffusion is not
due to the change in the AB,-ZrxNi, interface density. The increase
in exchange current is due to the highly porous surface created by
leaching out Mo into the electrolyte [20,21], which has also been
reported in different alloy systems [13-15,26,34,35,37].

Four important Ni/MH technical parameters (cycle life, charge
retention, specific power, and low-temperature performance) for
the MH electrode made from each alloy are listed in Table 3. Alloys
with Mo addition show similar cycle life performances (measured
by the number of cycles to reach 70% of the original capacity) which
are all better than that of the Mo-free MoO alloy. Therefore, the
addition of Mo, regardless of the substitution level, is beneficial
to the cycle life performance. The surface of Mo-containing alloys,
although highly porous, has strong resistance against oxidation
as seen from the low pre-charge capacity observed in the half-
cell measurement. Although the large PCT hysteresis in the alloy
with higher Mo-substitution predicts a high pulverization rate dur-
ing cycling, the anti-corrosive nature in the Mo-containing surface
prevents further decay in capacity during cycling. This finding is
different from previous reports on Mo-modified C14-based Cr-free
AB; alloys [23-25]. Without the formation of Cr-V solid solution,
the AB, alloys suffer from low cycle life due to the high solubil-
ity of vanadium in alkaline solution [60]. The Mo-addition to these
Cr-free alloys increases the decomposition at the alloy surface and
contributes to a shorter life.

Charge retention test results are plotted in Fig. 5, and the 30-
day charge retention values are listed in Table 3. Charge retention
increases monotonically with the increase in Mo due to the more
corrosion-resistant nature of the surface. The room temperature
specific power densities measured at 80% SOC are listed in Table 3.
Despite the decreasing HRD values from the half-cell experiment,
the specific power increases monotonically with the increase in
Mo-content. The result is in agreement with the bulk diffusion and
surface exchange current studies. In a sealed Ni/MH cell, the surface
is semi-starved with electrolyte. Electrolyte is limited to allow rapid
gas recombination during overcharge and overdischarge. Without
a total flooding on the surface, the surface reaction and bulk trans-
port property become more important in determining the high-rate
performance.

The low-temperature characteristic is believed to correlate
strongly with high-power performance [40], and the result from
the current study is in complete agreement with previous reports.
Low-temperature performance, defined as the ratio of the capac-
ity measured at 0.5C rate and —10°C to the capacity measured
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Fig. 5. The charge retention measured at room temperature for alloys MoO to Mo5
in the sealed cell configuration.

at the same rate and room temperature, is listed in Table 3 and
plotted in Fig. 6. Alloys with more Mo have better low tempera-
ture performance, which follows the same trend of the high-rate
characteristic. Therefore, Mo is proven to be beneficial to low-
temperature application due to the larger grain boundary in the
bulk and larger surface area. A more detailed investigation of the
surface oxide, including micro-porosity and embedded metallic
inclusions, is planned in the future.

The low-temperature characteristics of these alloys were fur-
ther studied by the AC impedance measurement conducted at
—40°C. The charge-transfer resistance and double-layer capac-
itance were calculated from the Cole-Cole plot and are listed
in Table 3. In general, at —40°C, the charge-transfer resis-
tance decreases and the capacitance increase as the Mo-content
increases. Since the capacitance is proportional to the surface area,
this measurement is direct proof of the increasing surface area
due to the ease leaching of Mo into the electrolyte is obtained. In
order to further understand the improvement in low-temperature
performance, the product of charge-transfer resistance and double-
layer capacitance was plotted against the Mo-content in Fig. 7. This
product removes the contribution from surface area and generally
decreases as Mo-content increases. This implies that the presence
of Mo in the surface also improves the inherit catalytic property of
the alloy. In the past, Jaksic also reported a dramatic reduction in
surface hydrogen evolution over-potential in the alloy co-deposited
galvanically with Mo and Co [61]. Thus the improvement in low-
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Fig. 6. Low temperature performance of Mo-substituted alloys determined by the
capacity measured at 0.5 C rate and —10°C normalized to the capacity measured at
the same rate and room temperature vs. Mo-content.
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Fig.7. The product of charge-transfer resistance and double-layer capacitance mea-
sured at —40°C as a function of Mo-content.

temperature performance by Mo-addition is due to a combination
of an increase in the surface area and an increase in the surface
catalytic ability.

4. Summary

Mo was studied as a modifier to C14-predominant AB, alloys.
The addition of Mo increases both lattice constants and the aspect
a/cratio due to the preference in substitution site. The expansion in
unit cell volume makes the hydride more stable and consequently
lowers the equilibrium plateau pressure, lowers the gaseous phase
reversible storage capacity, increases the absolute value of AH, and
lowers the HRD in the half-cell configuration. Incorporation of Mo
also increases the diffusion coefficient, the surface area, the surface
exchange current, specific power, and most importantly, improves
the low-temperature performance, but at the expense of a lower
capacity. The corrosion resistance of the surface also increases and
contributes positively to both the charge retention and cycle life
performance.
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