Anodowe roztwarzanie metali
jako metoda otrzymywania nanoczastek

metali i tlenkow

Maria Starowicz

AGH AKADEMIA GORNICZO-HUTNICZA
WYDZIAL ODLEWNICTWA

Krakow 2013

Wydawnictwo Naukowe
AKPAIT



Recenzent

Dr hab. Halina Krawiec, prof. AGH

© Copyright by Akademia Gorniczo-Hutnicza, 2013

Printed in Poland

ISBN 978-83-63663-27-8

Wydawnictwo Naukowe ,,Akapit”, Krakow
tel./fax (012) 280-71-51; www.akapit.krakow.pl
e-mail: wn@akapit.krakow.pl




Spis tresci

WYKAZ OZNACZEN.....eevvieeiieeiieieeieeeieesive ettt ete et e steesabeeabeeabeeveesbsasesesebessseesseesseensens 7
SEIESZCZENIC ....ccuvvieeeiieeiee ettt tee et e et e et e e et e esabe e et aeetbeeesbeeessseesssaeesseesnseeeseens 9
SUMIMATY ..ottt et et e e tee e sb e e etaeesabeessteeesseessseeessseessseeesseensses 11
NS o TSP SSURURPPRRURUR 13
1. Metody otrzymywania nanoczastek metali i tlenkdw metali..............ccveeneeee. 15
1.1, Metody fIZYCZNE .......eieeiieeiie ettt e 15

1.2. Otrzymywanie nanoczastek z fazy gazowe].......ccceevvevvieevrieenveeecneennns 16

1.3.  Reakcja chemiczna W rOZtWOTZE ...........covvevveeeeieeieereecieeeire e e aees 17

1.4. Dwufazowe metody otrzymywania nanoczastek ...........ccceevveeveeveennen. 18

1.5, Metody ZOl — Z€1....oioiieiieiieieceeteeeee e 19

1.6. Metody hydrotermalng .............ccceeevvieviienieniecie e 20

1.7. Metody eleKtroChemicCzne ............ccceevveevieeieeieeciieceecee e 21

2. Zastosowanie nanoczastek metali i tlenkow metali...........ccooeevieeiiiiieenneennnnnee. 23
2.1.  Zastosowanie nanoczastek w odleWnictWie ........c.coevvevreerrenveeveenreennen. 24

3. Charakterystyka wybranych rozpuszczalnikOw ...........ccccevvevveiiieciecnieennnenne. 27
3.1. Elektrochemiczne wlasciwoSci WOdY.......covvevieriieciieniierienieeieeieeneenn 27

3.2. Elektrochemiczne wlasciwosci alkoholi .........ccccvevevieeiienieninniinieenen, 28
32,1, MeEtanOl.....cccuveiieieeiiesie et 28

3.2.2. BtanOLl...cocciiiiiiiiciieitecie et 34

4. Anodowe roztwarzanie metali w rozpuszczalnikach organicznych......39

5. Warunki prowadzenia procesu elektrochemicznej syntezy

NANOCZASTEK ..vvviiiiiieiee ettt eae e e e e e e neeeeeanreeean 41

6. Synteza NanoCzastek STEDTA .........cccuevcvieeiieriierierie e ereereesee e ereeaeesseeseneeens 45
6.1. Anodowe roztwarzanie srebra w roztworach etanolowych i synteza

NANOCZASTEK ...eeiiiviieiieieiee ettt eeree e e etee e e e eareeeeeaes 45

6.2. Anodowe roztwarzanie srebra — wptyw rozpuszczalnika ..................... 49

6.3. Mechanizm otrzymywania nanoczastek srebra.............cccevvrrereerneennen. 52

7. Synteza nanoczastek tlenkOw miedzi ..........cccceevveviirriienieenieeie e 57

7.1.  Anodowe wlasciwosci miedzi w roztworach etanolowych................... 57



6 Maria Starowicz

7.2. Wplyw stezenia wody na anodowe roztwarzanie miedzi — synteza

NANOCZASIEK ..eeiiiiiiiii ettt e et e e aae e eeaaeeaean
7.3. Dyskusja mechanizmu syntezy nanoczastek tlenkéw miedzi .............
8. Synteza nanoczastek tlenku CynKu .......c.coveviiiiiiciieiieiieceeeeee e
8.1. Anodowe wlasciwos$ci cynku w roztworach etanolowych..................
8.2. Wplyw wody na anodowe roztwarzanie cynku — synteza
NANOCZASTEK ..oeiiiiiiiii ettt et e et eeeaaeeaean
8.3. Dyskusja mechanizmu syntezy nanoczastek ZnO..............ccceeevveenenn.
9. Synteza nanoczastek tlenkOw zelaza ...........cccoeevveeciiicieiiciecceeee e,
9.1. Anodowe wtasciwosci zelaza w alkoholowych roztworach
ClEKEIOITEOW. ..couieiiieii ettt
9.2.  Wplyw stezenia wody na anodowe roztwarzanie zelaza — synteza
NANOCZASTECZEK ....vviiiiiiiiie et ettt et eeaaee s
9.3. Dyskusja mechanizmu syntezy nanoczasteczek tlenkéw zelaza.........
10. Synteza nanoczastek tlenkow / wodorotlenkdw glinu............ccceevvveenieennenn.
10.1. Anodowe witasciwosci glinu w alkoholowych roztworach
ClEKETOITEOW. ..couieiiieii et
10.2. Chronoamperometryczna synteza nanoczastek tlenkow /
WOdorotlenkOw glinU.........ccceeeciiiiiiiiiiie e
10.3. Galwanostatyczna synteza nanoczastek tlenkoéw / wodorotlenkow
L4314 1 SO USSR
11. Podsumowanie 1 WNIOSKI ........cecueririerienieiiniieieteeee e




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




