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ABSTRACT

Hydriding combustion synthesis (HCS) can produce full hydrides of alloys and in a short time. The
conventional process based on ingot metallurgy cannot produce Mg-based alloy easily with the desired
composition and the cast product needs a ling activation process for the practical use of hydrogen storage. In
this study, the hydriding properties of Mg-xNi (x=5, 13.5, 54.7wt.%) alloys prepared by hydriding combustion
synthesis were evaluated. The hydrogen storage capacity and kinetics of HCS Mg-xNi alloys were strongly
dependent on the content of Ni. The HCS Mg-13.5wt.%Ni alloy shows the hydriding behavior to reach the
maximum capacity within 30 min. and the reversible H, storage of 5.3wt.% at 623 K.

KEY WORDS : Hydrogen storage(5=4>#1), Hydriding combustion synthesis(5=2~3}<1 2~ $H4), Magnesium
("F2v1%), Hydrogenation(5~4>3}47F-8-)
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Table 1 Hydriding/Dehydriding reactions of HCS Mg-54.7wt.%Ni
during heating & cooling

Chemical equation Temp. (K)
Mg + H, — MgH» 520-660
. MgH, — Mg + H, 675-700
Heating .
. . 800 (eutectic rxn.)
2Mg + Ni — MgNi
820
MgNi + 0.15H, —
Me:NiH, 720-680
Cooling | Mg:Ni + H, = MgNiHy 645-600
MgNiH; (HT) — 510
MgNiH; (LT)
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Fig. 6 Activation and hydriding behaviors of HCS Mg-13.5wt.%Ni
(623K, 3.0 MPa H, pressure).
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(623K, 3.0 MPa H, pressure).

&3 Mg 244 8=S e T8 U]/‘ﬂ
AT Z(dislocation stacking fault 5) A<
3 thgst Faols 7F EATOEA FAs) bt
SA40] B HATL B nf °l‘jr. 7éjjr°ﬂ’\1
Aet g5 T HulFaAdg g 30 & ol
53wt%=E SAE A=, FaAdAZEE ALkd
2 FaAEEY0] 68wt% Y S 12T o, 4
goll tigk A7 8% Ao AdFnh
Fig. 72 &3} & HCS Mg-xNi(x=5, 135,
SATWtIND) $59 FAa5d EAS Holaa 9t
A A & F Ade AAT 1AIRE o] A%
AollAE Mg-135wt.%Ni7E 7H =& F257
Fe Hom Mg-H47wt.%(MgN)e o2 &
(B6wt.20)ol FHs= TATE EFHB3wt.%) S
= AT W Mg-5wt%Ni a2 g2 Aol
7P we ARG I H AT, F4s Y
S HE7F =24 1 ARE ool Ao FAFT &
| EeelA] Rohe slo= PR
webA Ni9] e Z7H= Mg A 1A &
Aol 742 74 9T MaNi A Bgo] =
TV HA A S SEE PTIE RS ¢ T

0]
pos

olﬂ _Q 19 i 010 o

A

2

o

ror
0zt
x
IS
P!
fob

1. 2 E

[ =

B Ao M= 4319 48 (hydriding combu-
stion synthesis, HCS)< ©]-8-3F Mg-xNi9] 3432}
Nio] 43} jhg S wx= 93-S Attt

F23An3d S B3 Mg-xNix=5, 135, 54.7

wt.2%Ni)9] XRD patterns +4 23256 2E -2
MeoNi¢} a-Mg 735 2= 2102 SISl o™, peak
intensity ¥3}9} SEM #4S E5Fo] Nig] 7}k
w2 MgoNi¢t a-Mg®] 7% %% Eﬂf‘}g‘ Zelstit
DSC 2749 £8 Mg-547wtoNi deel 947158
THEkslo] FAte17]elA heatmg/ coohng/\] 4 &=
G M-S 7T TS Fxste] RlssiTh

HCS Mg-135wt.%Nig] F45WE 54 23 4
cycles ©] $of &AslA 5] A== om, o

]1H°ﬂ 5.3wt.% HhFiA g8l mdshe= A
13t HCS Mg xNi(x=5, 135, 54.7wt.%Ni|

5]
et = EuE 2443 Niol 3% 271 Mg
B} BARE T FAALEF] HaE THHA
ok MgoNi o] Z7hE WA $48 vhs &5
EFPVE AL & F ek e FF B
Z71 AHgE B¢ Mg-13wt.%Nio) 38 4
A2 olE ATE A8E Aot}

L )

o] AF(=H)L WK rERe] Yo7 4

ot 2147] ZRE|S AT AR (F 2T A A}
dehel Agho FHHAF,

anes

1) MyongYoup Song, Jean-Louis Bobet, and Bernard
Darriet. “Improvement in hydrogen sorption pro-
perties of Mg by reactive mechanical gringing
with CrO;, AlLO; and CeO,”, J. Alloys and
Comp. Vol. 340. Issues 1-2, 2002, pp. 256-262.

2) C.D. Yim, B.S. You, Y.S. Na, J.S. Bae “Hydri-
ding properties of Mg-xNi alloys with different
microstructures”, Catal. Today Vol. 120 Issuesl-2,

Trans. of the Korean Hydrogen and New Energy Societ(2010. 4), Vol. 21, No. 2 127



3)

4

5)

6)

128

2007, pp. 276-280.

DFEF, A, U, wES N A
of & THFZE MgNi 79| 543
5749 Wsp, g g4 3 AldyA
#], Vol. 15, No. 3, 2004, pp. 250-256.
A, A7l€, kA, ¢taE “BE
el At et R <] s}
of mA] T4 R Al
3], Vol. 9, No. 2, 1998, pp. 85-92.

T. Akiyama, H. Isogai and J. Yagi, “Hydriding
combustion synthesis for the production of hydro-

H, R
I A=Rs| =~
ST Fa

L

gen storage alloy”, J. Alloys and Compounds,
Vol. 252, Issues 1-2, 1997, pp. L1-L4.

L. Li, T. Akiyama and J. Yagi, “Effect of
hydrogen pressure on the combustion synthesis
of Mg,NiH4”, Intermetallics, Vol. 7, Issues 2,

ro

A

=
o

Ol

1]
ror

e

1999, pp. 201-205.

7) L. Li, T. Akiyama, T. Kabutomori, K. Terao

224

and J. Yagi, “Hydriding and dehydriding behavior
of the product in hydriding combustion synthesis
of Mg,NiHy”, Journal of Alloys and Compounds,
Vol. 287, Issues 1-2, 1999, pp. 98-103.
8) Shin-Ichi yamaura, Hyang-Yeon Kim, Hisamichi
Kimura, Akihisa Inoue, Yoshiaki Arata : ‘“Thermal
stabilities and discharge capacities of melt-spun
Mg-Ni based amorphous alloys”, J. Alloys and
Compounds, Vol. 339, Issues 1-2, 2002, pp.
230-235.
L. Li, I. Saita, T. Akiyama, “Intermediate product
during the hydriding combustion synthesis of

9)

MgoNiH,”, Journal of Alloys and Compounds
Vol. 384, Issues 1-2, 2004, pp. 157-164.

al

=

Aol XIstel =28 M2123 M2s 20104 43




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


