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SMITH’S seminal 1948 paper, ‘‘Grains, Phases, and
Interfaces—an Interpretation of Microstructure,’’ has
influenced scientists for six decades and continues to be
a base upon which modern materials research is built.
Because the current fashion is to measure a paper’s
impact on the scientific community through its citations,
I’ll begin by noting that as of January 2010, this paper
has been cited 831 times since it was published (accord-
ing to the ISI web of science). What is remarkable about
these citations is that more than 100 of them occurred in
the 4-year period between the start of 2006 and the end
of 2009. This demonstrates that the paper has main-
tained its relevance to modern materials research
60 years after it was published. I do not doubt that in
the future students of materials science will continue to
read, and be inspired, by this work.

The basic idea put forth by Smith is that the geometry
of a microstructure contains an ‘‘imprint’’ of the
interfacial energies of the constituent solids and liquids.
As a result, interfacial properties can be used to predict
the microstructures that will be formed during materials
processing and, conversely, relative interfacial properties
can be determined from the interpretation of micro-
structures. The analysis is based upon the simple vector
balance of interfacial energies at the junctions between
misoriented crystals, different solid phases, solids and
liquids, or solids and gasses. Within this framework,
relative energies can be determined from the dihedral
angles between interfaces, under the assumption of local

equilibrium usually obtained at high temperature during
microstructure genesis. The entire analysis is illustrated
by 30 beautiful optical micrographs.
One significant idea advanced by Smith in this paper

is that grain boundary energies are anisotropic. While
virtually nothing was known about grain boundary
energies at the time, Smith argued for anisotropy on the
basis dihedral angle measurements. Furthermore, from
the observation that the junctions between twin bound-
aries and random grain boundaries, he realized that the
former must have very low energies and that the latter
must have an energy that depends on the boundary
plane orientation. These conclusions, of course, have
been proven to be accurate.
It is also noteworthy that while micrographs from

plane sections are two-dimensional, real microstructures
are three-dimensional. In the past, researchers fre-
quently (and perhaps conveniently) overlooked this
point. However, throughout the paper, Smith relates
the two-dimensional information in his micrographs to
plausible three-dimensional arrangements. In fact, after
this paper, Smith pursued the first studies of three-
dimensional grain shape using grain separation tech-
niques and stereoscopic microradiography. This seems
especially relevant today, as new tools such as the dual
beam focused ion beam scanning electron microscope
and high energy X-ray tomography make it possible for
the first time to visualize the three-dimensional internal
microstructures of materials.

GREGORY S. ROHRER, W.W. Mullins Professor and Head, is
with the Department of Materials Science and Engineering, Carnegie
Mellon University, 5000 Forbes Avenue Wean Hall 3325, Pittsburgh,
PA. Contact e-mail: gr20@andrew.cmu.edu

Article published online March 25, 2010.

METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—457



458—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—459



460—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—461



462—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—463



464—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—465



466—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—467



468—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—469



470—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—471



472—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—473



474—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—475



476—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—477



478—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—479



480—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—481



482—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—483



484—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—485



486—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—487



488—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—489



490—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—491



492—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B



METALLURGICAL AND MATERIALS TRANSACTIONS B VOLUME 41B, JUNE 2010—493



494—VOLUME 41B, JUNE 2010 METALLURGICAL AND MATERIALS TRANSACTIONS B


	‘‘Introduction to Grains, Phases, and Interfaces---an Interpretation of Microstructure,’’ Trans. AIME, 1948,  vol. 175, pp. 15--51, by C.S. Smith


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <>
    /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 <>
    /POL <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


