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Table 1 Chemistry composition of FGH96 superalloy
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3 B ARV R T 21 P 3 (1) VR B R AR Ak i 42
B 1P A E 1(e) HICEBERECh 0~30%. I
IS4 0~4 min IXRIFECRIE . MBI RLA H, C
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Mass fraction/%
Chemical composition
Co Cr Mo w Al Ti Nb B Zr C Ni
Nominal 13 16 4 4 2.1 3.7 0.7 0.015 0.03 0.03 Bal.

Actual 12.4 15.8 3.97 2.39

2.04 3.31 0.49 0.001  0.001  0.032 Bal.
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Fig. 1 AES patterns on particle surface of FGH96 superalloy powders and its composition-depth profiles of alloying elements

through surface layer: (a) Microstructure of analyzed powder; (b), (c), (d) AES patterns at sputter time of 0, 1.5 and 10 min;

(e) Composition-depth profiles of alloying elements through surface layer; (f) Closer-viewer on area of (¢)
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Fig. 2 EDS analysis of precipitates on surface of FGH96 superalloy powders (a) SEM microstructure of powders; (b) EDS analysis
of white particles on surface of powders
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Fig. 3 BSE image (a) and corresponding element map
distributions ((b)~(m)) of FGH96 powder mapped by EPMA:
(a) BSE image; (b) AL (c) B; (d) C; (e) Co; (f) Cr; (g) Mo; (h)
Nb; (1) Ni; () O; (k) Ti; (1) W; (m) Zr
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Fig. 4 Microstructures of as-HIPed superalloys: (a) FGH96 superalloy; (b) FGH96 superalloy at PPB
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BSE image (a) and corresponding element map
distributions ((b)~(m)) of FGH96 as-HIPed alloy map by
EPMA: (a) BSE image; (b) Al; (c) B; (d) C; (e) Co; (f) Cr; (g)
Mo: (h) Nb: (1) Ni: (1) O: (k) Ti: (1) W: (m) Zr
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Fig. 6 Element contents of y (a), ' (b), MC carbide (c) and M,0; oxide (d) in FGH96 superalloy calculated by Thermo-Calc

software
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Table 2 Phase composition of y, 7’ and MC carbide in FGH96 superalloy at 1000 ‘C measured by Thermo-Calc software

Mass fraction/%
Phase
Co Cr Mo \%% Al Ti Nb B Zr C Ni
y 14.5 19.7 4.9 4.6 14 1.8 0.3 - - - 52.8
y' 7.8 2.3 0.3 1.6 4.8 10.4 1.9 - - - 70.9
MC - 0.5 0.7 8.6 - 50.2 222 - 2.5 15.3 -

Bl 7 BRI AR R o S B

Fig. 7 Microstructures of as-HEXed superalloy longitudinal section of FGH96 allloy (a) and it’s transverse section (b)
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Fig. 9 EBSD analysis of as-HEXed FGH96 alloy: (a), (d) OIM characterization of grains in transverse and longitudinal section; (b),
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(e) Recrystallization map of transverse and longitudinal section; (c), (f) Grain boundaries map of transverse and longitudinal section
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Formation and microstructure evolution of precipitation on
prior particle boundaries in P/M nickel-base superalloys

QIN Zi-jun"2, LIU Chen-ze' 2, WANG Zi" % HE Guo-ai"?, LIU Feng'-2, HUANG Lan"2, JIANG Liang'-?

(1. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China;
2. Research Institute of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The superalloys powders were prepared by plasma rotating electrode processing (PREP). The powder was
consolidated by hot isostatic pressing (HIP) and hot extrusion (HE). The microstructures of powders, as-HIPed and
as-HEXed alloys were examined. The constitution, formation mechanism and the microstructure evolution of PPB during
the hot extrusion were studied. The results show that some small size oxides enriched with Al and a layer of Zr, O, C
concentrate on the surface of powder. The PPB is stracture of »’' phases, MC carbides and Al,O;, Zr enriched oxides
particles. The PPB formation mechanism is that, under the effect of temperature field, carbides, y' precipitates and
oxides are more ready to precipitate at bonding interface. After hot extrusion, the big ' phases at PPB are gone and
continuous PPB is broken. These particles aligned along extrusion direction are the remains of PPB (MC type carbides
and trace amounts of oxides), and the dynamic recrystallization occurs during hot extrusion.

Key words: nickel-based superalloys; powder metallurgy; plasma rotating electrode processing; hot isostatic pressing;

hot extrusion; prior particle boundry

Foundation item: Project (2012AA03A514) supported by the National High-tech Research and Development Programm
of China; Projects (51401242, 61271356, 51205031) supported by the National Natural Science Foundation of China;
Project (2015zzts031) supported by the Doctoral-Independent Exploration and Innovation of Central South University,
China

Received date: 2015-03-20; Accepted date: 2015-10-25

Corresponding author: LIU Feng; Tel: +86-731-88830937; E-mail: liufengehe@126.com

(RE  EZITH)




<<
  /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
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile 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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


