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Mg.Ni alloy for metal hydride electrodes

J. CHEN, D. H. BRADHURST, S. X. DOU, H. K. LIU

Institute for Superconducting & Electronic Materials, University of Wollongong,
Northfields Avenue, Wollongong, NSW 2522, Australia

E-mail: shi_dou@uow.edu.au

A study was made of the effects of ball-milling Mg,Ni alloy with nickel powder, and
chemically coating it with nickel on the alloy properties. Three types of alloys, nickel mixed,
nickel ball-milled and nickel coated Mg,Ni alloy, were used as the active material of metal
hydride electrodes. The ball-milling of the alloy with nickel powder results in an amorphous
or nanocrystaline phase. Chemical coating of the alloy with nickel was carried out at 25°C.
The alloy particles were pulverised by the colliding process during the ball-milling and
possibly by a hydrogen decrepitation mechanism during the coating process.
Electrochemical measurements show that the electrode fabricated from the nickel mixed
Mg2Ni alloy was very difficult to charge and discharge at room temperature, while the
characteristics of the electrode prepared by nickel ball-milling or nickel coating were greatly
improved because of the changed phase structure and surface behaviour. © 17998 Kluwer
Academic Publishers

1. Introduction performance [13, 14]. In view of the reactive nature of
Nickel-metal hydride (Ni-MH) batteries using hydro- magnesium-based alloy in alkaline electrolyte, nickel
gen storage alloys as the negative electrode materialgas chosen for coating the surface of fgalloy pow-
have attracted attention because they are more enwiler. A comparison was made between the coated alloy
ronmentally acceptable than nickel-cadmium batterand a MgNi alloy ball-milled with Ni powder to inves-
ies, and also have higher energy density and highetigate the effects on the discharge capacity and cycle life
charge rate capability [1-3]. Of all the hydrogen stor-of the electrodes.

age alloys studied previously [4], Mmisystem al-

loys (Mm is mischmetal), or zirconium-based Laves

phase alloys are normally used as the active mate2. Experimental details

rial of metal hydride electrodes in Ni-MH batteries The MgNi alloy was prepared according to the fol-
[5, 6]. The discharge capacity for MmiNsystem al- lowing powder metallurgical sintering technique. The
loy electrodes has approached the theoretical capaeppropriate amounts of Mg and Ni powdersIum

ity limit (372 mAh g1). The activation and electro- from Aldrich Chemical Company) with the purity of
catalytic activity for the zirconium-based Laves phaseat least 99.7 wt % were thoroughly mixed and pressed
alloy electrode is still inferior to the Mmpisystem into pellets. The pellets were first sintered at 63Gor
alloy. The Mg-based hydrogen storage alloy is consid<10 h under an argon atmosphere, then ball-milled into
ered as a promising candidate for increasing the capowders which were seived to control the particle size
pacity of metal hydride electrodes because this alloy isn the range between 36 to 46n. The ball-milled alloy
superior to the MmNj system and the Zr-based Laves was prepared by mixing the above alloy with 10 wt %
phase alloy in theoretical hydrogen absorption capacnickel powder, and ball-milling with stainless steel balls
ity and material cost [7]. It is known that conventional in a stainless steel vessel under the protection of ar-
MgNi alloy absorbs hydrogen readily at high temper-gon atmosphere by using Fritsch planetary high en-
atures under high pressure [8]. Recently, the chargeergy equipment at a speed of 160r.p.m for 10h. The
discharge properties of Mg-based alloy at room tem-nickel-coated alloy was prepared by chemical coating
perature have been improved greatly by some researchith 10wt % Ni at 25°C using the solution listed in
groups [9-12]. In particular, the partial substitution of Table I. Structure and phase identification of the alloy
Mg by Al from Mg»Ni and the ball-milling of MgNi powders were confirmed by X-ray diffraction (XRD)
alloy with graphite or Ni powder were found to be very using a Philips PW 1010 diffractometer with CyK
useful methods for improving the high discharge ca-radiation. The surface morphology was examined us-
pacity. However, the capacity decay was still seriousjng a Leica/Cambridge Stereoscan 440 scanning elec-
which made it difficult for these alloys to be used astron microscope (SEM) equipped with energy disper-
the active material of a metal hydride electrode. Thesive spectroscopy (EDS). Particle size distribution and
chemical coating of hydrogen storage alloys with a thinspecific surface area of the nickel-mixed, nickel-ball-
layer of electroless-plated metal such as Cu or Ni hasnilled, and nickel-coated alloys were examined using
been found to be an effective way to improve the alloya Malvern particle analyser (PA).
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TABLE | Basic composition and operating conditions of the solution TABLE 11 Discharge capacity of A, B and C electrodes at different

for nickel coating of MgNi alloy discharge current density

Concentration Capacity
Component (mol dm3) Discharge current (mAh g1

density

NiSO,-6H,0 0.2810 0.34 (mAg) A B c
N3@CGH507-2H20 0.5
NH4CI 0.25 50 95 680 756
NaH,P0,-H,0 0.5 100 5 538 612
Thiourea 0.004 g dr? 200 390 440
Rotation speed 150r.p.m.
Temperature 25C
pH 8108.5 -1.0 . T . . x T v T

g0)

For comparison, three types of electrodes, the mix-,
ture of the MgNi alloy with 10wt % nickel powder T
(A), the 10wt % nickel ball-milled alloy (B) and the £ -

10wt % nickel coated alloy (C), were prepared by in—§
timately mixing the A, B or C powders with 1wt % £ ;
polytetrafluoroethylene (PTFE) binder and pressing org L[ A electrode ) T
both sides of a nickel mesh to form a sandwich type g N B electrode i
structure with a surface area of 1&m 4 — Celectrode
The electrochemical cell consisted of the MH work-§ *° [ ’
ing electrode, the NiIOOH/Ni(OH)counter electrode, O
and a Hg/HgO reference electrode. The electrolytewa . ) ) ) , ) . ) .
6 M KOH solution and the temperature was controlled ° 200 400 600 800
at 25°C. Electrode properties were measured by use o Discharge capacity (mAh/g)

an automatic galvanostatic charge/discharge unit inter-

faced with a Macintosh Performa 6300 computer and gigure 1 Discharge curves (the first cycle) of the nickel mixed, nickel
. ball-milled, and nickel coated i alloy electrodes.

MacLab with Chart 3.3 software. The electrodes were Mg alloy

charged at 50 mA g for 20 h, rested for half an hour

and then discharged at 50 mA{gto —600 mV versus  The discharge capacities of the A, B and C elec-
the Hg/HgO electrode. The discharge capacity of eaclyoges at different discharge current densities are given
electrode was expressed in mAh per gram of the aliy Taple I1. It is obvious that the high-rate discharge

loy. When the capacity was calculated, only the weight.apapility of the MgNi alloy electrode was greatly

of the hydrogen storage alloy was considered. AnodiGmproved by the nickel ball-milling and nickel coat-

potentiostatic polarization (APP) curves were obtaineqng_ The discharge capacities of the A electrode at 50
using an AMEL model 553 potentiostat. The electro-ma g1 and at 100 mA g* were 95 mAh g* and

chemical impedance spectroscopy (EIS) experiment§ man g2, respectively. However, the discharge ca-
were performed at 28 using an EG&G Princeton pacity obtained at a discharge current density of 100
Applied Research model 6310. The impedance datg,a g~ was 538 mAh g for the B electrode and
were collected as a function of frequency scanned frong12 mah g'! for the C electrode, approximately 78
the highest (10 kHz) to the lowest value (5 mHz). Thegnq 819% of that obtained at 50 mAY respectively.
impedance data were analysed with the aid OfaCNLfMoreover, values of 390 mAh¢ for the B elec-

fitting program, enabling the contact and the chargeygde and 440 mAh g for the C electrode were ob-

transfer resistances to be separated. tained at the relatively high discharge current density of
200 mA gt
In order to find out the reasons responsible for the
3. Results and discussion great increase of discharge capacity and improvement

Discharge curves of the A, B and C electrodes at a curef high rate discharge of the MYi alloy after ball-
rent density of 50 mA gt in the first cycle are shown milling with nickel or chemical coating with nickel, two

in Fig. 1. It can be clearly seen that the discharge peraspects, alloy phase and surface properties were anal-
formance of the MgNi alloy electrode is greatly im- ysed by XRD, SEM, PA, and electrochemical methods
proved by the ball-milling and nickel-coating. No dis- such as APP and EIS.

charge plateau was detected for the A electrode, but a The A, B and C alloy powders were analysed by
plateau of discharge potential was observed@B83V  XRD, as shown in Fig. 2. It can be seen that the X-ray
versus Hg/HgO electrode for the B and C electrodespattern of the A alloy powder shows the presence of
Discharge capacities for the A, B and C electrodes wer¢he hexagonal phase for Igi and pure nickel. It is
95, 680, and 756 mAh, respectively. These results interesting that the X-ray patterns of the B and C al-
show that the nickel ball-milling and nickel coating of loy powders have been changed. For alloy B, the char-
MgzN alloy are very effective methods of increasing acteristic peaks of the Mili alloy phase decreased
the discharge capacity of the alloy electrode. in intensity and broadened. This result indicates that
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Figure 2 XRD patterns for the nickel mixed (a), nickel ball-milled (b),
and nickel-coated (c) MdNi alloy.

there was a phase transformation from polycrystalline
to amorphous or nanocrystalline state. For alloy C, the
characteristic peaks of MYjli alloy phase broadened
and shifted to lower angles, which might indicate that &&
an absorption of hydrogen into alloy had occurred due
to the hydrogen produced in the chemical process. §
The surface morphology of the A, B and C alloy pow-
ders are shown in Fig. 3. It is clear that the surface o

honeycombed, while that of alloy C is rough and pro-
truding. The honeycombed and protruding areas visibl|
in Fig. 3b and c were analysed by EDS. It was found tha
one of the honeycombed areas contained Mg and Ni il
the atomic ratio of Mg : N=2.0: 1.2, which is lower
than that of the alloy MgNi (Mg : Ni =2.0:1.0). This
indicates a high degree of dispersion of nickel in the
alloy to form a non-stoichiometric structure. For the
protruding areas in Fig. 3c, only nickel was found, and
this shows that the chemical coating on the,Mtglloy
surface was relatively pure nickel.

Particle size distributions and specific surface area
of the A, B and C alloy powders are given in Table Ill.
Since the particle size and specific surface area mei
sured contains the quantity of the added nickel powdel
each value in Table Il (for A and B) was obtained by
subtracting that of nickel powder. It can be shown thal
the ball-milling and nickel coating processes result in
a gradual reduction in the lamella spacing from 36—
45um for the A alloy powder to 5-10m and 18-
25um for the B and C alloy powders, respectively.
Also it is obvious that the B alloy powder has the
largest specific surface area, while the A alloy powde
has the smallest one. Although both the ball-milling
and nickel coating processes result in particle pulveri

. . o . Figure 3 SEM images for the nickel mixed (a), nickel ball-milled
TABLE Ill Particle size distribution (PSD) and specific surface area (b), and nickel-coated (c) Mdyi alloy.

(SSA) of the nickel mixed, nickel ball-milled and nickel coated alloys

PSD SSA

Sample em) m2gh  sation and increase of the specific surface area, they
are achieved in different ways. For the ball-milling of
g‘ 261:‘)5&%’/"/)0) 8-;5 the alloy with nickel powder, it is by means of pre-
—. 0 . - g
c 18-24 (93%) 056 longed time colliding between the balls and the alloy

particles. Subsequently the alloy particles are fractured
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Figure 5 Discharge capacities of the nickel mixed, nickel ball-milled,
Figure 4 Anodic potentiostatic polarization curves for the electrodes of gnd nickel coated MgNi alloy electrodes as a function of cycle number.
the nickel mixed, nickel ball-milled and nickel-coated Mij alloy.

contact and charge-transfer resistances could reduce the
and interdiffusion takes place resulting in the large in-overpotential of the charge/discharge processes and in-

crease of specific surface area observed. In the cagkease the hydrogen diffusion in the alloy electrodes.
of the chemical coating process, it is possible that thé\S @ result, the discharge capacity would be increased
alloy pulverisation is caused by a decrepitation mech@nd the high rate discharge capability improved for the
anism due to hydrogen penetration during the coating'ickel ball-milled and nickel coated alloy electrodes.

because of the high concentration of the reducing agent Discharge capacities of the A, B and C alloy elec-
hypophosphite. trodes as a function of cycle number are shownin Fig. 5.

The A, B and C alloy electrodes were selected tolhe initial discharge capacity of the electrode was
further investigate the electrode kinetics of the hydrid-markedly increased from 95 mAfTgfor the A alloy
ing/dehydriding reactions. Fig. 4 shows the potentio-8lectrode to 680 mAhg for the B alloy electrode and
static polarization curves for these electrodes after fully’ >0 MAN g ~for the C alloy electrode. The capacity de-
charging at the first cycle. The anodic peak current afY of the three kinds of electrodes proceeds very fast.
—680mV versus Hg/HgO was attributed to the oxida-FOr examples, a discharge capacity of only 5 mAh g

tion of hydrogen absorbed in the alloy according to theVas measured for the A alloy electrode at the 30th cy-
equation cle, while the discharge capacity of 160 mAhlgvas

found for the B alloy electrode and 290 mAhgfor
the C alloy electrode after 50 charge—discharge cycles.
To analyse the capacity decay of the A, B and C alloy

. electrodes, the A alloy electrode after 30 cycles and the
It can be seen that the anodic peak current of hydrog , C alloy electrode after 50 cycles were dried in a vac-

gen oxidation varies with the different electrodes, an um over at 70C for 2 h. and then the active materials

is much more prominent for the B and C alloy eIec'from these electrodes were separated from the nickel

ggggii th;lankfgljrﬁgﬁtﬁhaeyloaﬁ eel;ra?:lre?nga-:ﬁrs: glcgt::/?tr tfr:ﬁmesh substrate and ground for XRD analysis. The re-
peak current, 9 y YT0Tsyits are shown in Fig. 6. It can be seen that Mg(©H)
hydrogen oxidation of the electrode.

Table IV summarizes the EIS results for the A, B and
C alloy electrodes. The contact resistance and charge L
transfer resistance were at their maximum values forthe 7000 - © .
A alloy electrode. This may be the reason why it was ., TMMM I
difficult to charge and discharge. Similar contact resis- .
tance and charge-transfer resistance values were foun %

for the B and C alloy electrodes. These were also muct .. 500 MJLW W“//\WWN

lower than those of the A alloy electrode. The decreasecg

MHyx + XOH™ & M + xH,O + xe™

5 3000
i ; 2000 Mg(OH);
TABLE IV Contact resistanceRcr) and charge-transfer resistance L (a) ) _
(ReTr) of the A, B and C alloy electrodes 1000 ﬁ M Ni Ni
Rer Retr 0
I S S N I T S N S B ) I N S A A | IR N T I S t

Alloy () ) 20 30 40 50
A 0.28 252 Degrees 2-Theta
B 0.14 0.68 . . ) . )
C 0.12 0.66 Figure 6 XRD patterns for the nickel mixed (a), nickel ball-milled

(b), and nickel-coated (c) M\i alloy electrode.
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was formed not only in the A alloy but also in the B or the chemical coating greatly improves the catalytic
and C alloys. However, the peak intensity of this oxideactivity of the alloy electrode, and this results in a
is much stronger in alloy A compared with that in alloy large increase in the electrode capacity and high-rate
B or alloy C. The serious oxidation of the A alloy is discharge capability but little influence on the cycle
because of its more active reaction in the alkaline eleclife. The discharge capacities of 680 mAh'gand 756
trolyte. The oxidation of the B and C alloy electrodes mAh g~ were achieved at a discharge current density
is prevented to an extent because of the protection aff 50 mA g for the nickel ball-milled and nickel-
the ball-milled or chemically coated nickel layer, but coated alloy electrodes, respectively. This encouraging
it cannot be completely effective because: (i) the ball-result suggests that the kinetics of hydrogen absorp-

milled or chemically coated nickel on the alloy surfacetion/desorption (charge/discharge) for the Mgalloy
is not homogeneous; and (ii) the alloy is disintegratedare greatly improved by the ball-milling or chemical
during the repeated charging and discharging processoating processes.

which brings about the gradual pulverisation of the al-
loy, continuously enlarged surface area, and production

of fresh surface, resulting in continuous degradation ofAcknowledgement

the alloy.
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