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 One of the most perspective ways of drastic automotive pollution reduction is the transition 

from internal combustion engines to electric ones powered by hydrogen fuel cells. Besides 

application in transportation hydrogen fuel cells are prospective replacements for convenient 

batteries in home electronics. However there are a lot of limitations for pure hydrogen storage, 

transportation and filling connected with its extremely low density and heavy explosion ability. 

Thus the most promising technology is on-board catalytic conversion of suitable organic 

compounds to the mixture of hydrogen and CO2. Currently methanol-water mixture reforming is the 

most common technology for hydrogen production on-board. However methanol as a fuel has some 

important disadvantages connected with its high toxicity, low availability on ordinary basis and 

coal-natural gas based production technology, which will lead to additional CO2 emissions. 

 Another approach is the use of biomass derived ethanol reforming for on-board hydrogen 

production preventing additional CO2 emissions. Ethanol-water mixture is a non-toxic liquid easily 

accessible in our daily life. There are two types of reactions which allow converting ethanol-water 

mixtures to hydrogen: ethanol steam reforming (1) and ethanol auto-thermal reforming with an 

addition of oxygen (2): 

CH3CH2OH + 3 H2O    2 СO2 + 6 H2    (1) 

CH3CH2OH + 3-n H2O + n/2 O2   2 СO2 + (6-n) H2   (2) 

The main difference between these two processes is the temperature of reaction, because in the case 

of the reaction (2) the part of necessary energy comes from oxidation reaction. The side products of 

this reaction are carbon monoxide, acetone, acetaldehyde, methane and some other low weight 

hydrocarbons depending on the nature of the catalyst. The catalyst for these reactions should have  
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high oxidation activity coupled with ability of hydrocarbons activation. For these reason we have 

used metal-supported ceria catalysts known to possess high activity in CO or CH4 oxidation. 

 CeO2-supported catalysts activity crucially depends on surface area and particle structure. 

We have developed a new method of nanocrystalline ceria powder preparation using CeO2 

precipitation in alcohol-water mixtures. Average particles diameter of obtained ceria samples is 

between 4-6 nm, particle size distribution obtained by XRD and TEM shows that they sizes are 

uniform and they possess rather good temperature stability – no changes in TEM micrographs after 

24 h exposure to 500 OC in air. Another valuable property of the ceria support was its hydrophilic 

nature which allows us to use incipient wetness method for metal deposition from water nitrate 

solutions. Using this method 5% Ni, Co, Fe and also a set of 0.5%, 1%, 3%, 5%, 10%, 20%, 30% 

Cu/CeO2 catalysts were prepared. The size of metal oxide particles after calcination of obtained 

samples at 400 OC was below 10 nm and for most samples TEM micrographs shows no particles 

larger than CeO2 size.  

The conversion of ethanol-water mixtures (molar ratio 1:3) was studied at the range of temperatures 

350-600 OC in a continuous flow fixed-bed reactor with total WHSV = 3000 h-1. Pure CeO2 itself is 

active as a catalyst in ethanol steam reforming reaction at 550 OC, however, conversion of ethanol is 

low (<50%) with average hydrogen yield 1 mol of H2 per mole of ethanol and high level of methane 

and ethylene production. Cu, Ce, Fe and Co oxides deposited on CeO2 increase ethanol conversion 

up to 90-95% at 550 OC, with an average concentration of hydrogen at the outlet of reactor up to 

65%. The concentration of side products depends on metal nature, in the case of 5%Ni/CeO2 

catalyst CO and CH4 concentrations are around 7% and the concentration of acetone and ethylene is 

low – 1-2%. 5%Cu/CeO2 catalyst generates low amount of CO (1-2%) giving preference to acetone 

and other oxygenates (up to 17%). A careful study of metal loading in Cu/CeO2 catalyst reveals that 

the optimal Cu loading is 3-10%, lower and higher copper content decrease ethanol conversion.  

Obtained results shows that nanocrystalline CeO2 based systems are promising catalysts for steam 

ethanol reforming – the process for hydrogen generation from biomass derived renewable 

feedstock. 

 

2nd International IUPAC Conference on Green Chemistry, 14-19 September 2008, Russia 

P-62 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


