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Glass Penetration Used to
Repair Cracks in Alumina

The healing of cracks in ceramic materials
can be aided through heat treatment, densi-
fying the material and increasing its
strength. In the February issue of the Journal
of the American Ceramic Society (p. 491; DOIL:
10.1111/§.1551-2916.2005.00086.x), M.-C.
Chu and co-workers at the Korean
Research Institute of Standards and
Science have reported the use of borosili-
cate glass to heal cracks in alumina,
increasing the strength of the material to
a value higher than crack-free alumina.

Previous work on the silicon carbide/
silica system showed that residual com-
pression, induced by a coefficient of ther-
mal expansion (CTE) mismatch, con-
tributes to strengthening. For this study, to

create suitable specimens, plate alumina
was machined into flexural bars. Through-
the-thickness cracks were introduced to a
depth of 2.5 mm by Vickers indentation.
The introduction then of borosilicate glass,
with a CTE lower than that of alumina,
created the CTE mismatch desired for
residual compression. A piece of borosili-
cate glass was placed on the crack and
heated to 1500°C for 15 min. Field-emission
scanning electron microscopy shows that
the molten glass penetrates through the
crack by capillary pressure to fill the crack
tip (Figure 1). The glass-filled crack is not
continuous to its tip, implying that the
alumina grains partially rebonded; this
may occur through a solution— precipita-
tion mechanism.

In order to determine their flexural

Figure 1. Field-emission scanning electron microscopy of crack morphologies in alumina
before (a) and after (b) penetration by borosilicate glass.
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strength, specimens were tested in four-
point bending, with the cracks in tension.
Surprisingly, the glass-penetrated speci-
mens had the same strength as that of the
as-machined ones, suggesting complete
strength recovery. Optical microscopy
reveals that the fracture does not occur
through repaired cracks but rather at
other points in the alumina, implying
that the repaired cracks are stronger than
the parent alumina. Further investigation
of the crack-repaired specimens after
removal of the compressive stress in the
crack region also gave strength values
comparable to those for the parent alumi-
na. This suggests the repaired cracks can
become stronger even without the contri-
bution of the CTE mismatch.

For both as-machined and crack-
repaired specimens, the strength as a
function of temperature shows that frac-
ture occurs through the repaired crack
region only above 750°C, where glass
softening begins. The researchers said
that their results can help improve the
reliability of alumina components by
embedding surface cracks produced dur-
ing machining or in service with glass.

ADITI RIsBUD

For more research news on
materials science, access the

Materials Research Society Web site:
www.mrs.org/connections

335


https://doi.org/10.1557/mrs2005.110


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /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 200
  /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 200
  /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 600
  /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 <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




