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Abstract. The soft x-ray absorption spectra of high-abrasion-furnace carbon black were measured to obtain local-
structure/chemical-states information of the primary particles and/or crystallites. The soft x-ray absorption spectral
features of carbon black represent broader m* and 6* peak structures compared to highly oriented pyrolytic graphite
(HOPG). The subtracted spectra between the carbon black and HOPG, (carbon black) — (HOPG), show double-peak
structures on both sides of the m* peak. The lower-energy peak, denoted as the “pre-peak”, in the subtracted spectra and
the w*/c* peak intensity ratio in the absorption spectra clearly depend on the specific surface area by nitrogen adsorption
(NSA). Therefore, it is concluded that the pre-peak intensity and the n*/c* ratio reflect the local graphitic structure of

carbon black.
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INTRODUCTION

The fundamental properties of carbon black depend
on the primary particle size, microstructure, and
physical/chemical properties of the particle surfaces.
Carbon black has been actively investigated and since
the 1940s, some structural models of crystallites in the
primary particles have been proposed [1-2]. These
models are typically illustrated as aggregates of the
graphitic crystallites from structure analysis using
XRD, TEM, and STM etc. However, these models
provide little information on the chemical states. Thus,
we have investigated typical carbon black using soft x-
ray spectroscopy in order to conduct an in-depth study
on the structure of the primary particles from a
chemical state viewpoint.

Recently, a technique, which uses soft x-ray
emission and absorption spectroscopy with highly
brilliant synchrotron radiation has been utilized to
characterize various carbon materials[3-7]. This
technique reveals the electronic-structure of both
occupied and unoccupied orbitals, which directly
reflect the local structure and chemical states. To
extract useful information on the local-
structure/chemical-states of carbon Dblack, we
measured the soft x-ray absorption spectra of various
high-abrasion-furnace carbon black samples, which
are categorized using the American Standard Testing
Material (ASTN) code. In this paper, we describe the

soft x-ray absorption spectra of the carbon black, and
the differences in spectral features are discussed
relative to the local-graphitic-structure and chemical
states.

EXPERIMENTS

The measured samples were high-abrasion-
furnace carbon black, which are categorized as N110,
N220, N326, N330, N347, N550, and N660 in the
ASTN code, and the reference compounds of the
highly oriented pyrolytic graphite (HOPG) and p-
terphenyl. Table 1 lists the ASTM grade and the
specific surface area by nitrogen adsorption (NSA) of
the carbon black samples.

TABLE 1. ASTM grade and NSA of the measured
carbon black samples.

ASTM grade NSA / m’g”!
N110 (SAF) 142
N220 (ISAF) 119
N326 (HAF-LS) 83
N330 (HAF) 79
N347 (HAF-HS) 81
N550 (FEF) 42
N660 (GPF) 27

Powder samples of the carbon black and p-
terphenyl were pressed and held on indium-sheet
substrates. Soft x-ray absorption spectra (XAS) of the
samples were measured with the total-electron-yield



(TEY) in beamline BL-6.3.2 [8] at the Advanced Light
Source (ALS).

RESULTS AND DISCUSSION

Figure 1 shows the XAS in the CK region of
carbon black and HOPG. Compared to HOPG, carbon
black shows broad spectral features, especially the *
peak. In order to quantify the broadness of the spectral
features, Fig 1 also shows the subtracted spectra,
(carbon black) — (HOPG). The subtracted spectra of
the carbon black clearly show the broad portion of the
¥ peak; the peak structures are observed at 284.2 eV
(denoted as the pre-peak) and 286.2 eV. Therefore, the
spectral feature, which results in the broad ©* peak, is
a characteristic index of carbon black.
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FIGURE 1. Soft x-ray absorption spectra in the CK region
of carbon black and HOPG. Subtracted spectra, (carbon
black) — (HOPG), are shown on the absorption spectra.

To determine the relationships between the spectral
features of the XAS and the NSA in carbon black, the
pre-peak intensity in the subtracted XAS and the

n*¥/c* peak intensity ratio in the XAS (Fig. 1) are
plotted as functions of the NSA in Fig. 2. Figure 2
shows that the pre-peak intensity proportionally
decreases and the m*/c* ratio increases as the NSA
increases, suggesting that the graphitic structure is
degraded as the primary particle size of carbon black
becomes larger (i.e. NSA decreases). Therefore, XAS
may be useful for extracting local-graphitic-structure
information.
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FIGURE 2. The NSA dependences on (a) the pre-peak
intensity in the subtracted spectra and on (b) the ©¥/c* ratio
in the absorption spectra of carbon black.

Figure 3 shows the temperature dependence of the
XAS and the subtracted spectra of the N110 carbon
black heated up to 2000 °C. The temperature
dependences on the pre-peak intensity and on the
*/G* ratio are also shown in the inset. The ©* peak
feature in the XAS becomes sharper as the heating
temperature increases, which corresponds to a
decreased pre-peak intensity and an increased m*/c*
ratio. It is well known that the graphitic structure of
carbon black increases as the heat temperature
increases. Consequently, the pre-peak intensity and the
7¥/c* ratio of carbon black are indices for the degree
of the local-graphitic-structure in crystallites; the pre-



peak intensity decreases and m*/G* ratio increases as
the graphitic structure increases.
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FIGURE 3. Soft x-ray absorption spectra in the CK region
of carbon black heated up to 2000 °C and the subtracted
spectra, (carbon black) — (HOPG). The inset describes the
heating temperature dependences on the pre-peak intensity
and */c* ratio.

From this analogy, the NSA dependences in the
carbon black of the pre-peak intensity and the mw*/c*
ratio, which are shown in Fig. 2, show that carbon
black with a larger NSA may have a higher graphitic
structure. In general, the NSA increases as the primary
particle size decreases. Therefore, the pre-peak
intensity and w*/c* ratio of carbon black contain
graphitic structure information of the primary particles
and/or crystallites. To understand this experimental
finding, a study investigating the density of states

(DOS) of various cluster models is currently under
way using discrete variational (DV)-Xa molecular
orbital calculations[9].

CONCLUSION

Soft x-ray absorption spectra of high-abrasion-
furnace carbon black samples where the NSA ranges
from 27 to 142 m’g”" were measured using synchrotron
radiation at the ALS to obtain local-
structure/chemical-states information of the primary
particles. The subtracted spectra between the carbon
black and HOPG show a double-peak structure on
both sides of the m* peak at 285.5 eV. The peak
intensity of the lower-energy portion (pre-peak) of the
broader m* peak and the w*/c* peak intensity ratio
clearly depend on the NSA values. The temperature
dependences of the pre-peak intensity and w*/G* ratio
are also clearly observed in the heated carbon black.
Therefore, it is concluded that the relationships in the
pre-peak intensity and the m*/¢* ratio in the XAS
between the NSA and the heating temperature of
carbon black clearly reflect the graphitic structure of
the primary carbon black particle and/or crystallites.

ACKNOWLEDGMENTS

This work is supported by a Grant-in-Aid from the
Ministry of Education, Culture, Sports, Science, and
Technology of Japan under contract No. 17550090.

REFERENCES

1. F. A. Heckman and D. E. Harling, Rubber Chem.
Technol, 39, 1 (1966).

2. J. B. Donnet and E. Custodero, Carbon 30, 813 (1992).

3. Y. Muramatsu, E. M. Gullikson, and R. C. C. Perera,
Physica Scripta, T115, 501-503 (2005).

4. Y. Muramatsu, K. Tomizawa, J. D. Denlinger, and R.
C. C. Perera, J. Electron Spectrosc. Relat. Phenom.,
137-140, 823-826 (2004).

5. Y. Muramatsu, K. Kuramoto, E. M. Gullikson, and R.
C. C. Perera, Surf. Rev. Lett., 9, 267-270 (2002).

6. Y. Muramatsu, S. Hirono, S. Umemura, Y. Ueno, T.
Hayashi, M. M. Grush, E. M. Gullikson, and R. C. C.
Perera, Carbon, 39, 1403-1407 (2001).

7. Y. Muramatsu, Y. Ueno, T. Hayashi, M. M. Grush, E.
M. Gullikson, and R. C. C. Perera, J. Electron
Spectrosc. and Relat. Phenom., 107, 177-184 (2000).

8. J. H. Underwood, E. M. Gullikson, M. Koike, P. J.
Batson, P. E. Denham, K. D. Franck, R. E. Tackaberry,
and W. F. Steele, Rev. Sci. Instrum., 67, 3372 (1996).

9. H. Adachi, M. Tsukada, and C. Satoko, J. Phys. Soc.
Jpn., 45, 875 (1978).




<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 300
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


