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Abstract: Photocatalyst hydrogen storage alloys(PHSA) with different photocatalyst contents were synthesized by mechanical blend
method. The effects of the photocatalyst on the electrochemical performance of the PHSA were studied. The results indicate that the
PHSA electrodes show better activation performance when UV irradiation is present. The high rate discharge performance as well as
cycle performance is improved compared with that of the ABs alloys. The PHSA shows the best performance when the photocatalyst

content is 20%.
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1 Introduction

Under the pressure of resources and environment,
many governments and organizations have attached great
attention to the development and application of new
power source. The solar energy and the hydrogen energy
have attracted more and more attention in recent
years[1-2]. Much work on solar energy photocatalytic
hydrogen production has been carried out since
1972[3—6]. Photocatalysts for hydrogen production such
as semiconductor oxide compounds, perovskite
compounds and spinel compounds have been
successfully developed.

For its high energy density, high rate
charge-discharge  capability, excellent hydrogen
absorption-desorption  ability and  environmental
acceptability, metal hydride has been widely applied in
rechargeable alkaline batteries, hydrogen storage and
transportation[7], hydrogen vehicles heat pumps,
conversion between heat energy and mechanical energy,
separation and purification of hydrogen[8] and catalyst,
and so on. Preparing a kind of new electrode—
photocatalytic hydrogen storage alloy(PHSA) electrode
to make the hydrogen storage process of the hydrogen
storage alloy run after the photo catalysis process of the
photocatalyst immediately, realize the light charge of the

hydrogen storage alloy, which presents a possibility of
combining the energy band structure of photocatalyst and
the property of hydrogen storage alloy together. This
means another possible method of transforming the solar
energy into the electrical energy. Researches in the field
from BIGNOZZI et al[9], ZHOU et al[10], YANG et
al[11], ZHANG et al[12] are original and effective. There
is no report about the effect of photocatalyst on the
charge-discharge performance of hydrogen storage alloy.
The effect of spinel photocatalyst on the charge-
discharge performance of low-Co-content LaNis
hydrogen storage alloy is studied in this paper.

2 Experimental

2.1 Preparation of copper aluminate(CuAl,O,) photo-
catalyst by citric acid complexation method
Copper aluminate was prepared by sol-gel method.
Citric-acid(C¢HgO,H,0O) as a complexing agent,
AI(NO3);9H,O0 and Cu(NOs),:3H,O as precursor
materials for CuAl,O,. Stoichiometric amounts of
AI(NO3);'9H,0 and Cu(NOs),-:3H,0 (2:1, molar ratio)
were weighed and placed in a beaker with proper amount
deionized water, then the CsHgO,H,O solution which
dissolved in advance was added slowly and then a light
blue mixed solution was obtained. The solution was
heated to 40 ‘C and held for half an hour. Then ammonia
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was dropped slowly into the solution, adjusting the pH
between 2—3, and the solution changed to a dark blue sol.
Then the sol was heated to a constant temperature of 70
C until dark blue gel appears[13], so the CuAlO,
precursor was gained. The precursor was sintered at 750
‘C for 6 h, cooled naturally. After ground carefully, a
deep brown CuAl,O, photocatalyst powder was
obtained.

2.2 Morphology analysis and characterization of
photocatalyst
The structure of CuAl,O,4 catalyst dispersed in
ethanol was examined with a KYKY2800-scanning
electron microscope (Beijing) operating at 300 kV, and a
X-ray diffractometer (Germany, Cu K, radiation,
scanning rate 4 (*)/ min) operating at 36 kV.

2.3 Preparation of hydrogen storage alloy electrode

Hydrogen storage alloy (MINig;Cog,sMng4Alg,s)
powder and carbonyl nickel powder (conductive agent)
(mass ratio 1:2) were mixed with proper 2% PTFE
solution(adhesive). Repeating the above procedure for 2
times and three parallel samples were obtained. A certain
amount of CuAl,O4 catalyst was added into the 2
samples (account for hydrogen storage alloy powder
quality of 20%, 30%, recorded as 20%PHSA, 30%PHSA
respectively as follows), then roasted in vacuum. Three
0.2 g samples picked out from the three mixtures were
pressed to a slice round electrode (4 10 mm X1 mm) on
the punch.

2.4 Electrochemistry impedance study

The electrochemistry impedance of electrodes was
tested on the CHI660b electrochemistry station, by using
hydrogen storage alloy electrode as an investigative
electrode, big surface NiOOH piece as assistant electrode
and Hg/HgO (6 mol/L KOH) as a reference electrode.

2.5 Electrochemical properties investigation

The electrochemical properties of electrodes were
investigated in the ringent simulation cells. A large area
of sintered nickel electrode as the cathode, 6 mol/L KOH
solution as the electrolyte solution. A 300 W long-wave
UV lamp was used in the illuminate experiments, and the
distance between the lamp center and electrode surface
was 20 cm.

3 Results and discussion

3.1 Characterization of photocatalyst

Fig.1 presents the SEM image of the CuAl,O4
catalyst showing anomalistic particles with a uniform
morphology. The material disperses well and shows a
uniform size. The particle size is 10—20 nm, with an

Fig.1 SEM image of CuAl,O, catalyst

average particle size of 14 nm.

Fig.2 shows the XRD pattern of the catalyst sample.
Compared with the standard spectrum, besides the
characteristic peaks of CuAl,O4, there are a few of
weaker impurity peaks in the sample spectrum. This
indicates that the catalyst sample is CuAl,O4 spinel
primarily, and a little CuO is detected.
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Fig.2 XRD pattern of CuAl,O, catalyst

3.2 Electrochemical impedance

Fig.3 shows the electrochemical impedance pattern
of the low-Co-content LaNis alloy electrode and PHSA
electrodes with different CuAl,O, contents in the UV
light and without light. All the electrodes were charged
with 12 mA current for 300 min before tests.

Fig.3 indicates that the addition of CuALO,
improves the kinetics properties of hydrogen storage
alloy. The electrode electrochemical reaction resistance
decreases when CuAl,O, is added, but the interface
resistance between the electrode, the membrane and the
solution increases. It may be interpreted by the partial
deoxidization of the CuAl,O,4 to Cu and Al on the surface
of the hydrogen storage alloy, and the Co could increase
the hydrogen diffusion coefficient, reduce the electro-
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chemical reaction resistance[14—16]. The CuAl,O,
photocatalyst on the surface of the electrodes is excited
by the ultraviolet radiation and facilitates the electron
conduction, so the PHSA electrode charge transfer
resistance decreases, which promotes the PHSA
electrode electrochemical reaction. The R; and R, of the
electrodes are listed in Table 1.
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Fig.3 AC impedance plots of AB; alloy and PHSA

Table 1 Impedance data of electrodes

Electrode R\/Q R/Q
AB;s 3.052 0.701
20%PHSA 2.824 0.836
UV+20%PHSA 2.795 0.998
30%PHSA 2.693 1.132
UV+30%PHSA 2.647 1.147

3.3 Electrochemical property
3.3.1 Activation property

Fig4 shows the activation property pattern of
low-Co-content ABs alloy electrode and PHSA electrode
with different CuAlL,O, contents in the UV light
irradiation or no irradiation. The test parameters are
listed in Table 2.
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Fig.4 Comparison of activation property of electrodes

Table 2 Charge-discharge program in activation process of

electrodes
Primary
Sequence Process parameter Restriction
(current)
Constant t .
1 NS SHITERL 12 maA 360 min
charge
2 Quiet - 10 min
3 Cons.tant-current 12 mA V<100V
discharge
4 Cycle 10 -
5 Stop - -

Fig.4 indicates that the electrochemical capacity of
the low-Co-content ABs alloy electrode reaches 220
mA-h/g after initial activation, and reaches the maximum
discharge capacity of 291 mA‘h/g when the 4th
activation completes. Because of the bad conductivity of
CuAl,O,, the initial activation capacities of the PHSA
electrodes with CuAl,O,4 are comparatively low: 85.126
mA-h/g for PHSA electrodes with 20%(mass fraction)
CuAl,O4 and 76.524 mA-‘h/g for 30% CuAl,O4, and
reach the maximum discharge capacity after no less than
9 and 8 activations. The UV irradiation improves the
activation performance and the discharge capacity of
PHSA electrodes, the initial activation capacity
aggrandizes to 100.654 mA-h/g for PHSA electrodes
with 20%(mass fraction) CuAl,O4 and 96.516 mA-h/g
for 30%, and reaches the maximum discharge capacity
after 7 and 6 activations.
3.3.2 Comparison of cycle performance of PHSA

electrode and ABs electrode

Fig.5 shows the cycle pattern of ABs alloy electrode
and PHSA electrode with different CuAl,O, contents.
The test parameters are listed in Table 3.

The discharge capacity of low-Co-content ABs
alloy electrode decays fast to 86.3% of the maximum
capacity after 50 cycles. Due to the partial deoxidization
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Fig.5 Comparison of cycle property of electrodes
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Table 3 Charge-discharge pattern in cycle process of electrodes

Primary

Sequence Process Restriction
parameter(current)
1 Constant current 40 mA 60 min
charge
2 Standby - 10 min
3 Comstantcurrent oy, o V<100V
discharge
4 Cycle 50 -
5 Stop - -

of the CuAl,O4 to Cu and Al, the discharge capacity of
PHSA electrodes with CuAl,O4 decays noticeably after
50 cycles[14—16]. The PHSA electrodes with 20%
CuAl,O, maintains 93.7% of the maximum capacity, and
PHSA electrodes with 30% CuAl,O4 maintains 90.1%.
3.3.3 Comparison of high-rate discharge performance of

PHSA electrode and ABs electrode

Fig.6 shows the high-rate discharge performance
pattern of ABs alloy electrode and PHSA electrode with
different CuAl,O, contents.
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Fig.6 High-rate charge-discharge ability of electrodes

For the same reason[14—16], the CuALL,O, improves
the high-rate discharge performance of the
low-Co-content ABs alloy. Besides, the CuAl,O4 might
enhance the hydrogen absorption-desorption speed of
low-Co-content ABs alloy, inhibiting the pulverization
and embrittlement of the alloy[8]. But the addition of
overload may lead to increased resistance of electrodes,
which is partially offset by its low-cobalt alloy AB;
filling high-rate discharge performance improvement.

4 Conclusions
1) AC impedance test results show that a proper

amount of CuAl,O, photocatalyst can reduce the
electrochemical reaction resistance of low-Co-content

ABs alloy electrode, but also aggrandize the contact
resistance between the electrode, membrane and the
solution.

2) The CuAlL,O4 photocatalyst reduces the activation
performance of the low-Co-content ABs alloy electrode.
The PHSA electrodes need more than 8 charge-discharge
activation cycles to reach the maximum discharge
capacity. UV irradiation is helpful to improving the
activation performance of the PHSA electrodes, making
the activation cycle number decline remarkably.

3) The PHSA celectrode shows better cycle
performance and high-rate discharge performance
compared with that of low-Co-content ABs alloy
electrode. The capacity retention keeps more than 90%
with 20% catalyst additive after 50 cycles, while the
low-Co-content ABs alloy electrode keeps 86.3%. The
PHSA electrode with 20% catalyst additive keeps 93.7%
after 50 cycles, and shows better high rate discharge
performance compared with the other two electrodes.
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ig. 4 Comparison of Activation property of electrodes
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