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Abstract

The temperature dependence of the electrochemical property of Mg—Ni alloy codeposited from aqueous solution was studied. Results sho
that not only solvating temperature, deposition temperature but also temperature variation in deposition temperature controlling will affect
Mg—Ni codeposition and electrochemical hydrogen storage property of the Mg—Ni deposit synthesized.

The temperature combination of solvating temperatur@ &71.2 °C and deposition temperature 47®is favourable for Mg—Ni codepo-
sition, deposit synthesized under this temperature combination has a electrochemical capacity of 67 mAh/g.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction under the influence of an electric field including a number of
phase formation phenomena. Comparing to other methods of
Mg-based alloy has much higher hydrogen storage abil- alloy preparation, it has the merit of simplicity in synthesis,
ity compared with other hydrogen storage alloys, thus it has easiness in alloy composition controlling, and by changing
attracted attentions of many scientists, whereas, casting Mg-the electrolyte composition and deposition rate, alloy with
based alloy has low activity, and high temperature and high different structure can be obtainfg].
hydrogen pressure condition is needed for the alloy to absorb It is known[6] that, owing to the very large negative nor-
hydrogen. In 1990§1-4], Mg-based alloy was synthesized mal redox potential of Mg element, it is difficult for Mg to be
by mechanical alloying, researches found that the alloy syn- electrodeposited from aqueous solution even the concentra-
thesized by mechanical alloy has high activity, it can absorb tion of Mg?*t ion is increased to shift the equilibrium potential
and desorb hydrogen electrochemically at room temperature,of Mg reduction to positive direction, the electrochemical
and no activation process is needed for the hydride electrodereaction that occurred at the negative electrode is hydrogen
to arrive at its maximum capacity, and the alloy has much evolution. And the redox potential of Mg and Ni differs
higher capacity compared with other hydride material, but more than 2V, thus it is difficult for Mg and Ni to codeposit
the stability of the alloy is poor, its capacity degrades rapidly, together. Whereas, in a former study we folrfthat Mg
and as Mg is quite soft, it sticks on the milling tin and milling can be codeposited with Ni from a chloride—sulfate aqueous
balls used and cannot be got rid of, thus the alloy composi- solution.
tion is hard to control, and the synthesis process needs high Mg—Ni alloy can form crystal Mg, Ni, MgNi and MgNi,
energy consumption. phases or amorphous phase, but only Mg,Nigand amor-
Electrochemical metal deposition is one of the oldest phous Mg—Ni phase can absorb and desorb hydrogen. Thus,
methods within the framework of electrochemistry. The elec- only alloy which has high Mg, MgNi and/or amorphous Mg—
trodeposition takes place at electrode/electrolyte interfacesNi phase contentwill review a high electrochemical hydrogen
storage capacity.
In the present study, electrodeposition of Mg—Ni alloy
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and the synthesized alloy deposit was used as the negativas 48+ 0.5°C and solvating temperature is 79.2-°€@0 Fig.
electrode of a Ni-MH battery and its electrochemical 2isthe maximum capacity of deposit synthesized when depo-
performance was studied by a three-pole battery method.sition temperature is controlled at 480.5°C and solvating
The influence of deposition temperature and electrolyte temperature is 79.2-9C€. FromFigs. 1 and 2we can see
solvating temperature to the electrochemical property that when neglecting the deposition temperature difference
of deposit synthesized was correlated, and the effects ofduring the deposition procedure, the maximum capacity of
deposition temperature and electrolyte solvating temperaturedeposit synthesized increased when solvating temperature in-
on Mg—Ni codeposition is deduced based on its influence on creased from 79.2 to 8€, and do not change much when
the electrochemical property of the deposit synthesized. solvating temperature increased from 83 t87and it in-
creased to 67 mAh/g when solvating temperature increased to
88°C, whereas it decreased to 10 mAh/g when solvating tem-
2. Experimental perature increased to 9C. The activity of deposit increased
when solvating temperature increased from 79.2 t6@3
The Mg—Ni alloys were deposited under constant current the cycling number for the deposit to arrive at its maximum
density of 80 mA/cr, in a conventional three-electrode cell capacity decreased, and it do not change much when solvat-
in which the working and counter electrode were oil-removed ing temperature increased from 83 to°&3 deposit arrive
and polished (with energy paper) red copper, reference elec-at its maximum capacity in the first charge/discharge cycle,
trode is 3M KCI/Hg/HgC}, the electrolyte used is of the fol- ~ whereas it decreased when solvating temperature increased
lowing composition: NiS@6H,0, 32.5¢g/L; NiCh-6H,0, to temperature higher than 88, the cycling number for de-
32.5¢g/L; MgSQ-7H,0, 100g/L; MgCh-6H0, 162.5¢/L; posit to arrive at its maximum capacity increased to 2 when
H3BOg3, 15g/L; additive 1, 32.5g/L; coumarin, 2.5g/L; ad- solvating temperature increased to°89 and it increased to
ditive 2, 59/L; diphenylamine sulphonic acid sodium salt, 4 when solvating temperature increased t6@0The cycling
12.5¢g/L; additive 3, 5g/L; Complex 1, 12.5¢g/L; Complex 2, stability of the deposit decreased when solvating temperature
20 g/L; HCHO, 125 mL/L (all are analytical grade reagents) increased from 79.2to 8%, and it do not change muchwhen
pH 2-3. Owing to the not dissolving of reagents in distilled solvating temperature increased from 83 to87and it de-
water at room temperature, the bath is heated to 83696 creased when solvating temperature increased t€8But it
until all reagents are solved. Then, it is dropped and main- increased again when solvating temperature increased to tem-
tained at 40-5% 1.2°C. The deposition takes 30 min. After  perature higher than 8&. In a former study7], we found
deposition, the study electrode is washed by distilled water, that Mg—Ni deposit can form Mg, Ni, MgNi and MgNi,
and then dried by hot air and weighted. phases, in which Mg and Mi{i are hydrogen-storage phase,
The structure of the deposit was examined by means ofthus alloy deposited which contain more Mg element (Mg
D/Max-2c X-ray diffractionmeter with Cu K radiation. The codeposited well with Ni) may has better hydrogen storage
composition of the deposit synthesized was analyzed by property, And in a former study of Mg—Ni alloy synthesized
means of 3200 Atom Absorption Spectroscopy. The elec- by mechanical alloyinf], we found that the cycling stability
trochemical characteristics of the deposits were determined

in a conventional three—pole SyStem with 6 M KOH solution. —&— deposition temperature:48+1.1°C, solvating temperature:79.2°C
The deposit electrode was used directly as the test electrode, a —e—deposition temperature:47.9+1.1°C, solvating temperature:83°C
nickel electrode (Ni(OHJYNiOOH) was used As the counter —&— deposition temperature:47.8+1.2°C, solvating temperature:87°C

—w— deposition temperature:47.9+1.2°C, solvating temperature:88°C

electrode and a mercury(ll) oxide electrode (Hg/HgO, 6M —&— deposition temperature:48.5+1.7°C, solvating temperature:89°C

KOH) was used as the reference electrode. In the experiment 74 [ —#=deposition temperature:47.5+1.5°C, solvating temperature:90°C
for each electrode, charging was conducted at a current den- 65
sity of 50 mA/g for 9 h, the discharging capacity and electro- gg
chemical cycle lifetime were measured at current density of 5]
50 mA/g at atmospheric pressure and@0The discharging 2 45] v,
end potential was fixed at600 mV (versus Hg/HgO, 6 M < gg .
KOH). > a0] ‘“V\ T,
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synthesized when deposition temperature is controlled at

48+ 0.5°C, and solvating temperature is 79.2-90°C Cycling Number (N)

. . . . . Fig. 1. The electrochemical capacity and cycling property of deposit synthe-
Fig. 1'_5 the el?CtrOChem|Cal capacity and_(fydmg property  sized when deposition temperature is controlled at485°C and solvating
of Mg—Ni deposit synthesized when deposition temperature temperature is 79.2-9C.
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Fig. 2. The maximum capacity of the deposit synthesized when deposition

temperature is controlled at 480.5°C with solvating temperature. Fig. 3. The electrochemical capacity and cycling property of deposit syn-

. . . thesized when solvating temperature is controlled & &71.2°C and de-
of the hydride electrode improved when alloy contained more position temperature is 46.2-57.

Ni. Thus, improved capacity and decreased cycling stability
may imply higher Mg/Ni ratio in the deposit synthesized.
According to maximum capacity and cycling stability of the is controlled at 8® & 1.2°C and deposition temperature is
deposit, we deduce that solvating temperature accessing ta46.2 4 2.3°C to 57.1 £+ 3.0°C. Fig. 4is the dependence of
88°C is favourable for Mg—Ni codeposition when deposition maximum capacity on deposition temperature. Frigigs.
temperature is 48 0.5°C. Temperature higher orlowerthan 3 and 4 we can see that, when neglecting the difference
it will decrease electrochemical property of the deposit syn- in solvating temperature and temperature fluctuation during
thesized, and is unfavourable for Mg—Ni codeposition. And the deposition procedure and when solvating temperature is
when deposition temperature is 480.5°C and solvating controlled at 8 + 1.2°C, the property of deposit changed
temperature is 88C, Mg—Ni deposit has a electrochemical with the change of deposition temperature in the following
capacity of 67 mAh/g. way. The maximum capacity of Mg—Ni deposit increased
The reason and tendency for solvating temperature to af-from 15 to 67 mAh/g when deposition temperature increased
fect the electrochemical hydrogen storage property of Mg— from 46.2 to 47.9C, and it decreased to 29 mAh/g when
Ni alloy codeposited and Mg—Ni codeposition may lay in the deposition temperature increased to FT1The activity of
following respect: the deposit increased when deposition temperature increased
from 46.2 to 47.7C, and it do not change much when de-
position temperature increased to temperature higher than
47.7°C. The cycling stability of the deposit do not change
much when deposition temperature increased from 46.2 to
47.7°C, and it decreased a little bit when deposition tem-
perature increased to 478, but it increased again when
deposition temperature increased from 47.9 to 8C.1As
stated in SectioB.1 [3,7] according to the electrochemical
hydrogen storage property of Mg—Ni deposit, we can see that
deposit exhibit better electrochemical hydrogen storage prop-
As favourable and unfavourable affects may exist when erty when deposition temperature in accessing to 4Z &nd
solvating temperature increased, thus a promising solvatingwhen the solvating temperature is.82 1.2°C. This tem-

(1) Some component of electrolyte may be unstable and
may resolve/decompose when solvating temperature in-
creased which may be unfavourable for Mg—Ni codepo-
sition.

(2) The solubility of component of electrolyte may increase
when solvating temperature increase, thus electrolyte
may have higher electrolyte concentration and higher
conductance which is favourable for Mg—Ni codeposi-
tion.

temperature exist. perature combination is favourable for Mg—Ni codeposition.
Deposit synthesized under this temperature combination has

3.2. The electrochemical property of the deposit an electrochemical capacity of 67 mAh/g.

synthesized when solvating temperature is controlled at A promising deposition temperature existed, the maxi-

87.9 + 1.2°C, and deposition temperature is mum capacity of the deposit arrive at its maximum value

46.2-57.1°C when deposition temperature arrive at this deposition temper-

ature, and it lowered when deposition temperature is higher
Fig. 3is the electrochemical capacity and cycling property or lower that this promising value. It is known that in Ni de-
of Mg—Ni deposit synthesized when solvating temperature position[8] the rising of deposition temperature will affect
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Fig. 5. The X-ray diffraction pattern of Mg—Ni deposit synthesized.
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phase may content in the deposit, in a former sti@dywe

Fig. 4. The maximum capacity of the deposit synthesized when solvating successfully deposited crystal Mg—Ni alloy. Thus, we believe
temperature is controlled at &7+ 1.2 °C with deposition temperature. that the amorphous phase may contain Mg and Ni element,
the depositis a Mg—Ni alloy. For Ni cannot storage hydrogen,
only when it is alloyed with Mg can it storage hydrogen, we
h believe thatthe electrochemical hydrogen storage property of
large internal stress will drop from the deposit easily. € deposit electrode is owing to the formation of hydrogen
The internal stress decreased rapidly when deposition Storage amorphous Mg-Ni phase. Atom absorption analysis
temperature rise from 10 to 58, whereas, it decreased ©N the deposit show that its composition is Mg 11.35at.%,
slowly when deposition temperature rise from 55 to N|42.93 at.%, Cu45.72 at.%, if neglecting Cp eIemgntmthe
60°C, and it do not change much when deposition tem- alloy, it is Mg 20.91 at.%, Ni 79.09 at.%. This confirms the

perature rise to temperature higher thart60 synthesis of Mg—Ni alloy.

(2) The solubility of component of electrolyte increase, elec-
trolyte of high electrolyte concentration can be used.

(3) Increase the conductance of solution.

(4) The polarization of cathode and anode will decrease, and
the current efficiency will raise.

(5) The hydrolysis of salts and the of hydroxide precipitate
forming tendency will increase, especially the hydrolysis
of iron-impurity, small holes are easily formed.

(6) The disperse ability of the electrolyte will decrease.

deposition in the following way:

(1) Affectinternal stress of the deposit formed, deposit wit

4. Conclusion

(1) Not only solvating temperature, deposition temperature,
but also temperature variation in deposition temperature
controlling will affect Mg—Ni codeposition and electro-
chemical hydrogen storage property of the Mg—Ni de-
posit synthesized.

(2) When depositiontemperature is48.5°C, the promis-
ing solvating temperature favourable for Mg—Ni code-
position is 88C. And when deposition temperature is

From the above effect, we can see that the rising of deposi-
tion temperature may have both favourable and unfavourable
effect to Ni deposition. The effect of deposition tempera- 48+ 0.5°C and solvating temperature is 88, Mg—Ni
ture in Mg—Ni codeposition may have similar effect to Ni- deposit has a electrochemical capacity of 67 mAh/g.
deposition. That is why, a promising deposition temperature (3) The effect of rising of solvating temperature may be:
for Mg—Ni codeposition exist. the decompose of unstable component of electrolyte, the

increase of solubility of component of electrolyte, and the
increase of electrolyte concentration and conductance.
(4) When solvating temperature is.82 1.2°C, deposition

3.3. XRD and AAS analysis

Fig. 5is the X-ray diffraction spectrum of the deposit
synthesized when deposition temperature is 4Z.and the
solvating temperature is 837+ 1.2°C. FromFig. 5, it can be

temperature accessing 47Q@ is favourable for Mg—Ni
codeposition, the electrochemical property of the deposit
arrive at its maximum value, and deposition temperature

seenthat broaden peaks of Ni and Cu phase exists in the X-ray
spectrum of the deposit. From the electrolyte composition,
we see that no G ion exists in the electrolyte, but a red 1.2°C and deposition temperature is 470 deposit has
cooper colour can be seen over the black deposits, and the  a electrochemical capacity of 67 mAh/g.

anode we used is copper electrode, thus we believe the Cu5) The effect of rising of deposition temperature may be:
phase in deposit is solvated anode Cu deposited in cathode increase solubility of component of electrolyte, increase
as an impurity. The broaden peaks imply that amorphous conductance of solution, decrease polarization of cath-

high or lower than this value will decrease the property
of the deposit. And when solvating temperature 987



698

(6)

Acknowledgements

W.-h. Liu / Journal of Alloys and Compounds 404—406 (2005) 694—698

ode and anode, and raise current efficiency, increase theReferences
hydrolysis of salts and the tendency of hydroxide pre-

cipitate forming, and decrease the disperse ability of [1] Q.M. Yang, Y.Q. Lei, C.P. Chen, J. Wu, Q.D. Wang, L.S. Chen, Z. Phy.
electrolyte. Chem. 183 (1994) 141.

When solvating temperature is.82 1.2°C and depo- [2] S. Orime, K. Ikeda, H. Fuiji, Y. Fujikawa, Y. Kitam, K. Yamamoto, Acta

. . ) ) . Mater. 45 (1997) 2271.
sition temperature is 47°€C, the deposit synthesized is [3] W. Liu, H. Wu, Y. Lei, Q. Wang, J. Wu, J. Alloys Compd. 252 (1997)

composed of amorphous Mg—Ni phase plus crystal Ni 234-237.

phase. The electrochemical hydrogen storage capacity of{4] T. Kohtto, M. Yamamoto, M. Kanda, J. Alloys Compd. 293-295 (1999)

the deposit is owing to the forming of amorphous Mg—Ni 643-647.

phase. [5] Z.J. Niu, S.B. Yiao, S.M. Zhu, in: Proceedings of the Ninth Chinese

Electrochemical Symposium, Sandong, Tainan, (1997) 345.

[6] H.T.Guo, G.X. Tan, Electrochemistry Course, Tianjing University Press,
2000, p. 302 (in Chinese).

[7] W.-h. Liu, L.-b. Liao, J. Fudan Univ. (Nat. Sci.) 43 (2004) 511-514 (in
Chinese).

This r_esearCh 1S pl’Oje_Ct 998G_39 supporte_d by De\{eloplng [8] Surface Treatment Research Committee of Chendu Science and Tech-
Foundation of Shanghai Educational Committee, China, and  nology Exchange Station, Electroplating Technology, Sichuan People

Shanghai Educational Committee, China. Press, 1982, p. 274 (in Chinese).



	The electrolyte temperature dependence of the electrochemical hydrogen storage property of Mg--Ni alloy codeposited from aqueous solution
	Introduction
	Experimental
	Results and discussion
	The electrochemical property of the deposit synthesized when deposition temperature is controlled at 48 pm 0.5 circ C, and solvating temperature is 79.2--90 circ C
	The electrochemical property of the deposit synthesized when solvating temperature is controlled at 87.9 pm 1.2 circ C, and deposition temperature is 46.2--57.1 circ C
	XRD and AAS analysis

	Conclusion
	Acknowledgements
	References


