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Abstract

The dehydrogenation of multi-substituted air-exposed kaMNiype materials were investigated both in solid—gas phase and electrochemical
cell as a function of their stoichiometry & —0.1, 0.1, 0.3) while keeping a constant plateau pressure by adjusting their composition. The
increase of the stoichiometry is accompanied by an increase of the La/Ce ratio and Ni content. In solid—gas phase, the desorption rates were
measured in air-exposed samples upon cycling and were found to be sensitive to the stoichiometry. The oxide formation at the surface produces
a significant decrease of the solid—gas phase kinetics. An increase of the overstoichiometry leads to lower rates and capacities as well as
restrained decrepitation upon H-cycling. Electrochemical measurements of the high rate dischargeability show constant values within the
same range.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction having a similar effect on the decrepitation, was increased up
to a B/A ratio of 5.3[3,4]. The mischmetal being a cheaper
Ni-MH batteries are widely used in portable applications mixture of rare earths replaces the La.
such as phones and digital cameras. High power applications Electrochemical studies of the kinetic in non-
(e.g. portable tools) require the electrochemical capacity of stoichiometric alloys were carried out but have not so
the batteries to be delivered in a very short period of time. In far brought conclusive results. In an electrochemical system,
order to improve the power delivered by the Ni-MH batteries, the high rate dischargeability which corresponds to the
the characteristics that influence the desorption rate of theability of delivering the stored capacity at high discharge
present materials are studied here. current, is a measure of the discharge kinetic. Fukumoto et
In the ABs,-type alloys derived from LaNj the Ni has al. [5] have shown that it increases for alloys of composition
been partially substituted by manganese and aluminium in Mm(Niz gMng 4Alo3C0y.7), Whenz varies from 0.88to 1.12
order to decrease its equilibrium pressure below 0.1 MPa (for (corresponding to stoichiometry 4.4 to 5.6). On the other
LaNis 0.17 MPa at 298 K). High cobalt content {0 wt.%) hand, Zittel et al.[6] noticed for the same system an optimal
was first used since it was found to increase the cycle life composition forz = 1.02 (i.e. ABs1) for which the high
by decreasing the decrepitation phenomefig8]. Due to rate dischargeability was the best. However, the equilibrium
the high cost of cobalt, its content was put down to 5wt.% pressure of the platea® is found to increase with it z in the
in commercialised batteries whereas the overstoichiometry, previous experiments. As aresult of this, the fast electrochem-
ical discharge kinetics noticed in the previous cases could
be due to the increase of the driving forces proportional to
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Table 1
Composition, stoichiometry (B/A ratio), lattice parameters, cell volume, H-capacities and desorption plateau pressurgs BABand ABs 3 alloys
Composition (targeted/analysed by EPMA) B/A ratio (targeted/obtained)  Lattice paramet€gdl volume H/f.u Pges (MPa)
a (Ac (A) V (A%) T =45°C T =45°C
Lag 20Cep 55Ndg. 19P10.06Ni3.48MNg 4Al 0. 3C0p 72 4.9 (targeted) a=4.9762(1) 86.868(4) 5.05 0.058
(targeted)

L80421CQ).55Nd0.20PI'0.05Ni3'44Mn0.33A|0423C00473 4.87(5) (analysed by EPMA) c= 4.0506(1)
(analysed by EPMA)

L80445CQ).38Nd0.13Pr0‘04Ni3.68Mn0.4A| 0,3C00,72 5.1 (targeted) a= 4.9874(1) 87.387(4) 4.84 0.071
(targeted)

Lap.44Cep 3gNdo 14P10.03Ni3.71MNg 40Al 0,.29C 00,74 5.15(6) (analysed by EPMA) ¢ = 4.0566(1)
(analysed by EPMA)

Lag 69Cen.22Ndg 07Pr0.02Ni3.88MnNg 4Al 0.3C0p 72 5.3 (targeted) a =5.0039(1) 88.022(4) 4.08 0.056
(targeted)

Lag 69Cen.22Ndo.077P10.013Ni3.93MN0.41Al027C0073  5.33(9) (analysed by EPMA) ¢ = 4.0592(1)
(analysed by EPMA)

The aim of the present study is to look at the influence Paps= 1 MPa with a relative variation pressufePps/ Paps
of the stoichiometry on the desorption rates measured inof less than 10%. This variation was higher for desorption
solid—gas phase and electrochemical cell. The alloys were(A Pyes/ Pges~ 40%) which was conducted under a pressure
intentionally kept in air to maintain the same starting condi- of 8 x 10~ MPa.
tions for the solid—gas phase and electrochemical measure-
ments. Compared to previous results, the influence of the2.3. Electrochemical tests
stoichiometry in the AB,.-type alloys is here investigated
independently from the hydride formation and decomposition ~ Negative electrodes were prepared from a mixture of the
pressure by increasing the ratio La/Ce with the stoichiometry Powder alloy with carbon powder for conduction and a cel-
(SeeTab|e ]) The inﬂuence that the different Compositions IUIOSiC thickener tOgetheI’ W|th a Styrene butadiene rubber
of the A and B Components may have on the kinetics Shou'd binder into a nickel foa.m, ina We|ght ratio 97:1:2. The films

therefore not be ignored and will be taken into account when Were cut (2 cmx 2.5c¢m) so that it contains 1g of alloy and
discussing the results. pasted on both sides on a nickel grid. The electrodes were

cycled electrochemically versus foam positive electrodes of
Ni(OH), and polyolefin separators soaked in a 8.7N KOH

2. Experimental electrolyte in an open polyethylene electrochemical cell. The
alloys were preliminary activated during the first cycles. For
2.1. Alloy preparation and characterisation the high rate dischargeability, capacities were measured us-

B _ ing current densities of 1000 down to 50 mAlgfter a C/10
Alloys of composition Mm(N§ 5g+.:Mno.4Al0.3C00.72) charge for 16 h.
with x = —0.1,0.1 and 0.3 and having high Co content

(10 wt.%) were melted in a vacuum induction furnace and
annealed for 4 days at 105Q. The alloys have been char- 3. Results and discussion
acterised by Rietveld refinement of X-ray diffraction data
(XRD) and electron probe microanalysis (EPMA). The alloys 3-1. Alloy characterisation
were ground in air prior both solid—gas and electrochemical

measurements. All synthesized alloys are found to be single phase having

a hexagonal structure (type Cas;iwsymmetry P6/mmm).

Their composition, stoichiometry, lattice parameters volume

cell, H-capacities and the absorption plateau pressures are

listed in Table 1 The ¢ parameter increases with the stoi-
The Pressure—composition isotherms (PCT) and kinetics chiometry due to the replacement of one rare earth atom by a

have been measured at4Busing a Sievert's type device for ~P&ir of nickel atoms along theaxis[7] Thea parameter was

~250 mg of ground alloys sieved underZf. The stainless expected to dec_reage with th(_e st_0|ch|om_etry but the increase

steel sample holder kept in a thermostatic bath, allows a good©f the La/Ce ratio with the stoichiometry is known to lead to

heat transfert. The variation of the temperature during the re-2n extension of the paramete(8].

action does not affect the measurement owing to the slow

kinetic and to the relatively small quantity of alloy used. The 3.2. Pressure—composition isotherms

PCT were established after an activation period of 10 cy-

cles. For the kinetic measurement, a quasi-constant pressure Although the cell volumes increase slightly with the stoi-

method was used. The absorption curves were obtained athiometry, this does not lead to a significant decrease of the

2.2. Pressure—composition isotherms and kinetic in
solid-gas phase
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Fig. 1. Pressure—composition isotherms after 10 cycles for thgyA8Bs 1 Fig. 2. Plot of the reacted fractiod vs. time tqes for an alloy ABs»
and ABs 3 alloys at 45°C. (Lao.62Cep 25Ndo 11P10,02Ni3.99MN0 40Al 0.28C 00 55) ground in air and ar-

gon.

desorption plateau pressuféid. 1 andTable J) as it would

be expected from the geometric |§y10]. This is thought to

be due to the different valence state of cerium that accounts
for the large increase of the cell volumes. The capacity de-
creases with the overstoichiometry. As already observed by
Notten et al. with overstoichiometric La(Ni,Cu,), [11] and
La(Ni1—;Mn,),(5 < x <6) [12], this is attributed to the re-
placement of A type by dumbbells of B type atoms which
seemsto decrease the hydrogen occupancy of the sitasdb
some of the 12[13]. The desorption plateau (not shown for
clarity) lies at little lower pressures (18 < Paps— Pdes <

4 x 10~3 MPa) compared to the absorption isotherms due to
a phenomenon of hysteresis.

The curves of the reacted fraction against time are shown
atFig. 5for the three alloys during the tenth desorption. The
solid—gas desorption raté&= ds/dr ats = 0.5 for the tenth
desorption are shown iRig. 6 together with the maximum
discharge rate®,, obtained from the electrochemical mea-
surements. The discharge raRg, is the reciprocal of the
slope of the linear regression of the discharge capacity as
a function of the discharge current. In an electrochemical
system, the high rate dischargeability is a measure of the dis-
charge kinetic. The rat®,, are found to be independent of
the composition of the alloy${g. 6). This may be explained
by the fact that the initial oxide layers are removed during
the cycling in contact with the electrolyte. The penetration
of the hydrogen through the corrosion layer now limits the
3.3. Desorption rate measurements kinetics. A corrosion layer made of Mm(Oklps well as

nanoparticules of Ni and Co are known to form in contact

Fig. 2shows the desorption times for a multielement alloy with the electrolyte during the cycling4,15]. The constant
ABs5 (Co content of 7.3wt.%) ground in argon and in air. values ofRy, as the stoichiometry increases seem to indicate
The slower desorption kinetics measured for the alloys kept that the corrosion layer covers continuously the new surface
in air is thought to be due to the formation of an oxide layer at originated from the decrepitation and that the composition of

the surface of the alloys. The composition of the oxide layer at the corrosion layer is similar within the non-stoichiometric
the surface of the present alloys has not been determined hergyjoys.
but previous studies have shown they were made ob®n
nickel rich alloy and NiMmOg4 [14]. ————— .
Desorption times for air-exposed samples were measured 10°4 4
upon cycling.Fig. 3 shows the timegg needed to release ] ]
80% of the hydrogen capacities, versus the cycle numbers.
The kinetics increase with the cycle number and stabilize af- 1 =
ter an activation period of five cycles for AB and ABs 1 104 s ==, o AB_ =120 min
and of 10 cycles for ABg. After 20 cycles, the timeg g are ] ]
found to be eight times higher for A than for ABy 9. This ] e o AB. (230 min
is thought to have two possible origins. First the alloy de- i ag®ee
crepitation upon H-cycling, as seen in the SEM observations 10'_5 “e & AB,fy,=15 min
(Fig. 4), shows smaller particle size for AB alloy compared ]
to ABs 3. The oxide-free surfaces created during the decrepi- | - . /
tation allow more rapid H-kinetic for low-stoichiometric al-
loys. Secondly, the increase of the La/Ce ratio and the nickel
for AB.5<3 content may lead to a de_nser oxide layer acting as Fig. 3. Plotof the timeg g needed to release 80% of the hydrogen capacities,
a barrier for the hydrogen desorption. versus the cycle numbers for the ABABs 1 and ABs 3 alloys at 45C.
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Fig. 4. SEM images of the alloys AB
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Fig. 5. Plot of reacted fractiodvs. timergesfor the ABs g ABs 1 and ABs 3
alloys at 45C.
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Fig. 6. Evolution of the maximum discharge rdg and the solid—gas des-
orption rateR = d§/dr (at § = 0.5) with the stoichiometry for the alloys
AB49 ABs 1 and ABs 3 at 45°C. (a nC rate corresponds to the discharge of

the capacity in 1/n hour).

4. Conclusion

, ABs 1 and ABy g after cycling.

with alloys kept in Ar. When the stoichiometry of the alloys

is increased, the slower solid—gas kinetics take their origin
in the reduced decrepitation and in the modification of the
composition of the oxide layer made of M@s at the sur-
face acting as a barrier for the hydrogen. The electrochemical
high rate dischargeability is found to be constant with the stoi-
chiometry due to the continuous corrosion that affects the new
surface generated from the decrepitation during the cycling.
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