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Abstract:Thephasestructuresandelectrochemicalpropertiesoftheas-castMg17Al12 alloyandball-milledMg17Al12 +x% Nicom-

posites( x=50, 100, 150, 200) havebeeninvestigated.Theresultsshowthatthephasestructuresanddischargecapacitiesofthe

Mg
17
Al

12
-NicompositesdependgreatlyontheamountofNipowder.ThemoreNipowderintroduced, themoreadvantageousforthe

formationofamorphousstructure, andthelargerdischargecapacityobtained.Afterball-millingfor120 h, theMg17Al12 +200% Ni

compositeexhibitsahighdischargecapacityof658.2 mAh· g-1 (barringtheweightofNipowder) at303 K.
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Bouarichaetal
[ 1]

reportedthatMg17Al12 couldde-
hydrogenateandrehydrogenatereversibly, hydrogena-
tionledtotheformationofMgH2 andAl, andMg17Al12
wasformedbackagainupondehydrogenation.Thethe-
oreticalhydrogenstoragecapacityofMg17Al12 -Hsystem
ishigherthanthatofMg2NiH4.Moreover, itwas
foundthattheelectrochemicalcyclelifewasimproved
bythesubstitutionofAlforMginMg2Nialloy

[ 2]
.

However, theelectrochemicalpropertiesofMg17 Al12
havenotbeenreportedheretofore.Inthepresentstud-
y, Mg17Al12 +x%Nicomposites(x=50 ～ 200) were
preparedbyball-millingofas-castMg17 Al12 alloywith
differentamountsofNipowder.Theirphasestructures
andelectrochemicalpropertieswereinvestigated.

1　Experiment

Theas-castMg17 Al12 waspreparedbyinduction

meltingmethod.Theingotwasmechanicallypulverized
tolessthan74 μmindiameter.Then, thepowders
weremixedwithx% ( x=50, 100, 150, 200) metal-
licNipowder, andmilledwithstainlesssteelballs(  
=10 mm) inastainlesssteelvesselundertheargon
atmospherebyusingplanetaryballmillerataspeedof
350rpmfor120h.Theball-to-powderweightratiowas
30∶1.Thephasestructureofthesampleswasidentified

byXRDwithCuKαradiation.Theelectrochemical
measurementswerethesameasourpreviouspaper

[ 3]
.

2　Resultsanddiscussion

TheXRDpatternsoftheas-castMg17 Al12 alloy

andMg17Al12 +x% Ni( x=50 ～ 200) compositesare
showninFig.1.Theresultshowsthattheas-castMg17
Al12 alloyhasasingleMg17Al12 phase.Thediffraction
peaksoftheball-milledMg17Al12 +xwt.%Nicompos-
itesbecomeweakenedandbroadenedasxincreases
from50 to200, reflectingadecrementofaveragecrys-
tallitesizeandanincrementofatomicdisordering.For
theball-milledcompositewithx=50 and100, allof
thepeakscorrespondingtoMg17Al12 havealmostdisap-
peared, andsomebroadenedMgpeaksappeared.Itin-
dicatesthatthereisaphasetransformationfrompoly-
crystallinetoamorphousornanocrystallinestructure.
Whenxreaches150, themainphaseofcompositeisa-
morphousAlNiwithNiasaminorphase

[ 4]
.Allthe

diffractionpeaksbecomemoreweakenedandbroadened
asx=200, wecancometotheconclusionthatthe
moreNipowdersadded, theeasiertoformtheamor-
phousstructurefortheMg17Al12 -Nicomposite.Howev-
er, somesmallNipeaksstillremainasxincreasesfrom
50to200.ItisprobablyduetothesmallNiparticles
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arepresentontheamorphousMg-basedcompositedur-
ingtheball-millingprocess

[ 3]
.

Fig.1　XRDpatternsoftheas-castMg17Al12 alloy

andMg17Al12 +xwt.% Nicomposites

Thedischargecurvesatfirstcyclefortheas-cast
Mg17Al12 andMg17Al12 +x% Ni( x=50 ～ 200) com-
positesareshowninFig.2.Theresultshowsthatthe
as-castMg17Al12 hasalowdischargecapacityofabout
10 mAh·g

-1
.Incontrast, thedischargecapacitiesof

Mg17Al12 ball-milledwithNipowderarehigh.Within-
creasingxfrom 50 to200, thedischargecapacityin-
creasesfrom41.3 mAh· g

-1
to658.2 mAh· g

-1
.

TheamorphousstructureoftheMg17Al12 -Nicomposites

isthemainreasontoobtainhighdischargecapaci-
ties

[ 3]
.TheNiparticlesarebeneficialfortheformation

ofamorphousMg-Al-Nicompositeandhavegoodelec-
tro-catalyticactivity, resultinginasignificantincrease
oftheelectrochemicalcapacity

[ 5]
.Moreover, theaver-

agecrystallitesizedecreasesgraduallywiththeincrease
ofNicontentintheball-millingprocess.Thuscanin-
creasethespecificsurfaceareaandimprovethediffu-
sionofhydrogeninthecomposite.

Fig.2　Thedischargecurvesatfirstcycle

fortheas-castMg17Al12 andMg17Al12 +x% Nicomposites

Fig.3showsthecyclingstabilitiesoftheMg17Al12
+x% Ni(x=50 ～ 200) composites.Itcanbeseen
thatallthecompositesball-milledwithNipowderreach

themaximumdischargecapacitiesatthefirstcycle, in-
dicatingahighelectrochemicalactivitycausedbyball-
millingwithNipowders.However, thedischargeca-
pacitiesofalltheelectrodesdecreasewithcyclinggoing
on.Thecapacityretentionratesafter10 cyclesforthe
Mg17Al12 +x% Ni(x=50, 100, 150, 200) compos-
itesare47.0, 56.0, 42.4 and50.7%, respectively.
Thebadcyclinglifeoftheball-millingcompositesisat-
tributedtotheiramorphousstructureandhighsurface-
to-volumeratio, whichacceleratethecorrosionrateof
Mg-basedcompositebyelectrolytesolution

[ 6]
.

Fig.3　CyclingstabilitiesofMg17Al12 +xwt.% Nicomposites

3　Conclusion

TheamorphousMg17Al12 +x% Nielectrodecom-

positescanbesynthesizedbymechanicalball-milling
withNipowder.ThemoreNipowdersadded, themore
advantageousfortheformationofMg17 Al12 -Niamor-
phousstructure.WithincreasingtheNicontentfrom50

to200, thedischargecapacityincreasesfrom41.3 to
658.2 mAh· g

-1
.
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硅提纯的热力学基础

徐文婷, 马文会, 杨　斌, 戴永年
(昆明理工大学 材料与冶金工程学院∥真空冶金研究所, 云南 昆明 650093)

摘　要:随着光伏产业的发展, 硅作为生产晶体硅片太阳电池的基础材料, 其应用已经超过了 90%。从热力学基础对提

纯硅的冶金过程进行讨论, 其中包括酸浸 、 真空精炼和定向凝固, 并基于热力学相图对这一过程的可行性进行了讨论。除

此之外, 通过金相分析对过程可行性进行证明。目的在于寻找一种区别于西门子法的低成本的生产太阳能级硅的工艺过

程。

关键词:硅提纯;太阳能级硅;热力学

中图分类号:O613.72;TF114
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添加镍粉球磨对 Mg17 Al12合金相结构及电化学储氢性能的影响

肖学章, 葛红卫, 陈立新, 王新华, 李寿权, 王　丽, 陈长聘
(浙江大学 材料与化工学院材料系, 浙江 杭州 310027)

摘　要:研究了 Mg17Al12铸态合金和 Mg17Al12 +x% Ni( x= 50 ～ 200) 球磨复合物的相结构和电化学性能。结果表明,

Mg17Al12-Ni复合物的相结构和放电容量主要取决于复合物中镍粉的加入量。加入的镍粉越多, 越利于非晶结构的形成, 其

放电容量就越大。球磨 120h的 Mg17Al12 +200% Ni复合物在 303K的放电容量高达 658.2 mAh· g-1 (除去镍粉的质量 )。

关键词:储氢合金;Mg17Al12;球磨;电化学性能;相结构
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