
FOREWORD 
 
Although fossil fuels and nuclear power generation will remain the main energy sources for 
many more years, there is increasing awareness that sustainability is one of the most important 
challenges for mankind in the near future. Sustainability involves necessarily renewable energy 
sources and, consequently, new energy production, storage and distribution scenarios. 
The inherently intermittent nature of renewable energy sources renders buffering and storage of 
energy indispensable. At present energy buffering is mainly provided by fossil fuel-generated 
electricity. This is not possible when intermittent sources represent more than 30% of the total 
energy sources. It is therefore necessary to look for other energy carriers. Hydrogen is in this 
context one of the most attractive candidates since it can be integrated in a clean hydrogen-
water-hydrogen closed material loop and offers interesting storage and distribution possibilities. 
Through electrolysis and fuel cells it can also be linked to the other clean energy carrier: 
electricity.  
 
However, before such a sustainable hydrogen economy can become reality, many knowledge 
gaps need to be bridged. There exist many technical problems, which are connected to the 
production of hydrogen (both from fossil and sustainable sources), the clean separation of 
hydrogen from production gas mixtures, the storage of hydrogen and its transport. Besides these 
technological problems there are also important economic and societal questions concerning for 
example the management of energy systems, the public risk perception of a hydrogen based 
economy , and the need of safety systems. 
 
Although the title of this Master course is rather general, the present lecture notes focus on the 
interaction of hydrogen with metals. The first eight chapters give the basic physical concepts 
necessary to describe and understand  
 

• the thermodynamics of ab- and desorption of hydrogen in a metal 
• the nature of the metal-hydrogen and hydrogen-hydrogen  interaction  
• the electronic structure of transition metal-hydrides 
• the high mobility of hydrogen in metals 
• the origin of large isotope effects in phase diagrams, diffusion and superconductivity 
• the metal-insulator transition in rare-earth metal-hydrides (switchable mirrors) 
• the properties of complex metal-hydrides and alanates 

 
We are convinced that a better fundamental understanding of metal-hydrogen systems is an 
essential ingredient in the search for better (i.e. lighter, more compact and cheaper) hydrogen 
storage systems.  
 
The role of metal-hydrides within a sustainable hydrogen economy is described in Chapter IX. 
Safety aspects related to the use of hydrogen in general and  as an energy carrier in particular are 
treated in Chapter X.  
 
The course Science and Technology of Hydrogen in Metals was first given in Fall 2002 to 
provide a general conceptual background for the ongoing research in the Condensed Matter 
Physics group at the Vrije Universiteit. The present version has benefited from the valuable 
contribution of Dr. Andreas Züttel, who has been appointed extraordinary professor at the Vrije 
Universiteit in 2003. 

 i



This course is primarily intended for Master and PhD students. It can however also be useful for 
Post-doctoral fellows that are new in the field. We hope that it will enhance the interest of young 
researchers for hydrogen  in metals and, in a wider perspective, that it will contribute to building 
up a collaboration platform for the national NWO program “Sustainable Hydrogen”. 
 
 
Amsterdam, October 22, 2003 Ronald Griessen and Andreas Züttel 
 
 
      

 ii


	Foreword


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


