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Abstract

The electrocatalytic abilities of hydrogen storage alloy (HSA) MINC 0y 85Al 0.3MNg 3 (MI: La-rich mischmetal) as the anode electrocatalyst
of an alkaline fuel cell were studied. To improve the electrocatalytic activity of the alloy, modifications including ball-milling, surfacertreatme
and chemical coating with Pd were employed. The electrocatalytic ability of the optimized HSA anode was found to be reasonably good, with
a current density of 50 mA/ctrat 0.866 V and 196.2 mA/ctrat 0.5V (versus Hg/HgO). The temperature was also found to be important for
the electrocatalytic behavior of HSA anode.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction In this work, the possibility of using typical HSA
MINi 3.65C00.85Al 0. 3MnNg 3 as the anode catalyst of AFC was
The application of low temperature type100°C) alka- investigated. To improve the electrocatalytic activity of the

line fuel cells (AFC) as a primary power source in electric alloy, a series of modifications including ball-milling, sur-
vehicles and portable equipment has received increasing atface treatment and chemical coating Pd were employed. The
tention. In an AFC system, platinum is usually chosen as an optimum structure and composition of the HSA anode were
electrode electrocatalyst. However, Ptis limited for commer- also studied.

cial use because of high cost and limited availability. Rare

earth based ABtype hydrogen storage alloys (HSAs) used

as electrqde matenalls for nickel/metal hydnde battepes are, Experiments

characterized by their good electrochemical properties, me-

chanical and chemical stabilities in alkaline electrolyte. Since The as-cast MINjssCoogsAl03Mno s alloy for the ex-

the 1970s and 1980s, research groups hav_e investigated “Singeriment was mechanically crushed into powders as sample
HS_AS astheanm_je catalystfor AFL;2]. Previous work3, 4] 1 with a dimension of less than 200 mesh. Three different
indicated that using the ABtype HSA as an electrocatalyst g, tace modification methods, including ball-milling (sam-
for an AFC anode showed a catalytic effpit However, this 10 2) " pajl-milling and surface treatment by hot alkaline
former research work also indicated that the electrocatalytic ¢ tion containing reductant (sample 3), and ball-milling,
activities and the degradation rate of such anodes needed tqf5ce treatment and chemically coated with Pd (sample 4),
be further improved to be sufficient for practical use. were employed. The sample was ball-milled for 0.5 h ata rate
of 225 rpm under argon atmosphere. The surface treatment

* Corresponding author. Tel.: +86 571 8795 1152; fax: +86 571 8795 1152. Was carried out by immersing the sample alloy ina 6 M KOH
E-mail address: cpchen@zjuem.zju.edu.cn (C.P. Chen). solution containing 0.01 M KBHlat 80°C for 3h. A chem-
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ical coating solution, composed of PACHCI, NH4Cl and Table 1

ammonia, was used for coating Pd and the coating amountOxidation peak currentg and the corr_equnding oxida_ti_on peak potentials

was 2wt.% Pd of the alloy. oftthefezs(;ca\i; alloy and the alloys with different modifications at a sweep
The electrochemical measurements were performed in am1eo e

typical electrochemical cell consisting of a working elec-

trode, a sintered Ni(OH)counter electrode, and a Hg/HgO ~ ©Xidation peak 1458 1654 1725 2088

reference electrode. The HSA electrodes for voltammetric O;ggﬁ:;ife/g)k 06475 06453 06389  —0.6369

measurement were performed at sweep rates of 10, 20, 40, otential (v) (vs.

60, 80 and 100 mV/s at 2%. The EIS measurements for Hg/HgO)

the MEA samples were performed with a frequency re-

sponse analyzer (1255B) combined with Solartron SI11287

and an electrochemical interface driven by Zplot software. Table 2 )

The impedance data generally covered the frequency ra_ngeCharge transfer resistandy of the alloy samples at 2% and 50% DOD

; - . . Icul El
of 10 kHz to 5.0 mHz with 5 mV amplitude of the sinusoidal calculated by EIS

Samplel Sample2 Sample3 Sample4

voltage and the Zview 2.0 software was employed for simy- HSA electrode Ry (29)

lation and calculation. Sample 1 1.157
The test HSA anode was designed and prepared with fourgzmg:g g (1)-2237

layers, i.e. Ag-coated nickel net layer, electrocatalyst layer, Sample 4 0.4244

diffusion layer and foam-nickel-sheet collector. The loading
amount of the catalyst alloy was 0.5 g/&riThe reactant hy-

drogen pressure was 2 _atm. Electrocatalytic tests of the _HSAifications, the hydrogen oxidation peak current is increased
anode were performed in a three-electrode system consisting, jifferent degrees compared to that of as-cast alloys. After

ﬁ'f 7Hw%rkir}g anode Ielectr((j)de_,”? Ptl cour;ter electr%d'a EgdHaball—milling, the peak current density of the alloy is 1.654 A/g,
g/HgOreference electrode. The electrolyte was a higher than that of the as-cast alloy (1.458 A/g). The increase

solution. of the peak current density is probably due to the enlarge-
ment of the specific surface area of the alloy as a result of the
reduction of the particle and grain sizes after ball-milling.
3. Results and discussion Ball-milling and surface treatment by a hot alkaline solu-
tion containing reductant caused the anodic oxidation peak
3.1. Effect of modifications on the electrochemical current of the alloy to reach 1.725 A/g, after the addition of
properties of hydrogen storage alloy chemical coating with 2 wt.% Pd, caused a further increase to
2.088 A/g. After the alloy was treated by a hot alkaline solu-
Cyclic voltammograms of the as-cast ME¥sC0o g5 tion containing reductant and was chemically coated with Pd,
Alp.3Mng 3 alloy and the alloys with different modifications the surface of the HSA formed a Ni-rich layer and a Pd layer.
are shown irFig. 1(a—d), respectively. As exhibited ig. In the meantime, the preferential dissolution of the elements

1, a hydrogen oxidation peak can be observed on the anodicsuch as Al and Mn during the treatment process enlarged the
branch of the cyclic voltammograms of each test electrode. specific surface area of the alloy.

With the increase of sweep rates, peak current densities are EIS spectra with discharge of depth DOD =50% for four
increased and their corresponding peak potentials are alsalloy samples were studied and their corresponding charge
apparently shifted to the positive direction. The values of transfer resistanceBp, which are related to the semicircle
peak currents and their corresponding potentials at 40 mV/sin the low-frequency region, were evaluated by the Zview
are listed inTable 1 It can be seen that after different mod- 2.0 software. The results are summarizedéle 2 Table

3 (a) sample 1 3 | (b) sample 2 3 (c) sample 3 3 (d) sample 4 -

I - & o = I = ¥ o
3 100 m vis 2 100 mvis < / 100 mvis <
< 80 m v/s <. 80 mv/s gl 80 mv/s gt
60 m v/s | 60 mv/s 60 mv/s
40 mv/s 40 mvls 40 my/s
2 20 m vis 21 20 mvis 29 20 mis 21 4
3 10 mv/s 3 | 10 mv/s 3 10 mv/s 3 10 mv/s
-1.2 -1.0 -08 -06 -04 -0.2 -1.2 -1.0 -0.8 -0.6 -04 -0.2 -1.2 -1.0 0.8 -06 -04 -0.2 -1.2 -1.0 -0.8 -0.6 -04 -0.2
Potential (V vs. Hg/HgO) Potential (V vs. Hg/HgO) Potential (V vs. Hg/HgO) Potential (V vs. Hg/HgO)

Fig. 1. Cyclic voltammograms of the as-cast alloy and the alloys with different modifications.
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2 shows that the charge transfer resistankgss gradually 1.0
decreased after ball-milling modification and the following 5 o0s %&w?@gﬁ%‘
. g . -0 V— N
surface modifications. 8 Ty -
V. yu)
E 0.6+ N K\ADO\O
. . % \ \\\D\o
3.2. Electrocatalytic properties of the hydrogen storage > LR \
. > 0.4+ —0—25°C \ o
alloy anode in AFC = o 40°C W O
% 0.2 —a—55°C v
To obtain the optimum structure and composition of 3 —v—80°C
iti i - 0.0 r T T T T r T T T
HSA .anode, several addmonallmaterlals anq conpentra 0 25 30 75 100 135 150 135 200 235 2%0
tions in the anode electrocatalytic layer were investigated. Current density (mA/cm?)

The results indicate that the PTFE and the acetylene af-

fect the anodic overpotential remarkably. The lowest over- Fig. 3. Dependence of the performance of HSA anode on the different op-
potential of HSA anode without acetylene black in the erating temperatures.

catalyst layer can reach 0.1411V with the corresponding

PTFE amount ranging from 10 to 12wt.%. After the ad- ) )

dition of acetylene black, the lowest overpotential value of The remarkable improvement of the electrocatalytic proper-
the HSA electrode is 0.0687 V, with the corresponding con- ties could be observed when the anode alloy was ball-milled
tent of PTFE in the range of 14—22wt.%. The experimen- and then treated by alkaline solution containing KBHAnd

tal results show that the addition of acetylene black in the further improvement could be obtained when the forego-
catalyst layer not only decreases the anodic overpotentialind modified alloy was chemically coated with 2wt.% Pd
but also improves the mechanical properties of the HSA which the anode potential was 0.866 V at a current density of
anode. 50 mA/cnt.

To solve the problems of poor electric conductivity _The electrocatalytic properties of the sample anodes at
and the decrease of active material utilization caused from different temperatures of 25, 40, 55 and“&were stud-
PTFE, we added a porous-form material, ammonium oxalate i€d and the results are shownfig. 3 The electrocatalytic
(NH.)2C204, into the HSA anode catalyst layer for increas- pehawor of the optimized HSA anode was found to be rela}—
ing its porosity. The results show that 5 wt.% of (WbC204 tively good. The HSA anode shows the best electrocatalytic

content is related to the lowest anodic overpotential and the Properties, especially the property of large current density,
best performance of anode electrode. when the operating temperature was @0 A maximum cur-

Based on the optimum structure and composition of rent density of 196.2mA/cfat 0.5V can be achieved at

black, 14-22wt.% of PTFE and 5wt.% of (MHC,0a, viously influenced by the operating temperature in the range
respectively, four anodes were prepared using the HSA Of 25-55°C. However, when the operating temperature con-
MINi 3 65Cp 85Al 0.sMng 3 with different modifications as tinuously increased to 8@, the electrocatalytic abilities of
anode catalysts and the results are exhibiteBign 2 The HSA anode decreased remarkably. One possible explanation
discharge current could be observed only at very high an- is that metal hydride i_s the main elelctrocatalyfcic phase for
odic overpotential and the anode potential is only 0.392 v HSA anode and the existence of hydride phase is strongly de-
at 50 mA/cn? at 25°C, indicating that the anode using the Pendenton the hydrogen pressure and temperature. When the
as-cast alloy shows rather bad electrochemical properties. Af-OPerating temperature increased to’60at hydrogen pres-

ter 30 min of ball-milling, the performance of the anode al- Sure of 2 atm, hydrogen that was released from hydride made
loy is improved, with anodic potential increasing to 0.533 V. the remarkable decrease of electrocatalytic abilities of anode

active material.

1.0
sample 4 .
5  fEmoosoa, 727samp153 4. Conclusions
:En 048-{;3 O TB—o —A—sample 2
- o

= \ ~~o_ "o —v—sample | . e . . . .
2 O.G_QVNA\A ’ o D\u\ A series of modifications are obviously effective in the
¢ R improvement of the electrocatalytic properties of a hydrogen
Z o4 v e [° lloy. The oxidati k densiti i
- ~—_ S storage alloy. The oxidation peak current densities are in-
§ 0.2 T creased from 1.458 A/g of the as-cast alloy to 2.008 A/g when
:5: modified with ball-milling, surface treatment and chemical

0.0

coating Pd; on the contrary, the charge transfer resistance is
decreased from 1.157 to 0.4224.

The electrocatalytic ability of the optimized AFC HSA
Fig. 2. Performance of the anodes using HSA with different modifications @node is found to be reasonably good, with a current density
at 50 mA/cn? and 25°C. of 196.2 mA/cn? at 0.5V (versus Hg/HgO). The best elec-
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