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ABSTRACT In the field of condensed matter physics and materials science, it is of great importance
to investigate the microstructures, properties and solidification regularities of liquid metals. In the last
few decades, the theories of solidification of binary alloys, such as dendritic growth and eutectic growths
have been built. Great progress has also been made on the study of monetectic and peritectic alloys.
But a solidification theory on ternary quasiperitectic alloys has not been established up to now. The
study of the solidification process of quasiperitectic alloys will provide a basic work for solidification
theories of ternary alloys.

The master alloy of Al–11.8Cu–24.22Mg was prepared from pure Al (99.99%), pure Mg (99.99%)
and Al–54.2Cu in a resistance furnace under CO2 and SF6 (volume proportion is 40 � 1) atmosphere.
The melted alloy (840—850 �) was pouring into different quenching graphite crucibles at the same
time, and the cooling curves were recorded by a sixteen channels temperature recorder. The graphite
crucible was quenched into cold–water immediately for rapid cooling at the preplanned quenching
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temperature. After the experiment, the microstructures of the sample were analyzed by SEM, with
EDS analysis.

The experiment result indicates that the primary phase is identified as S (Al2CuMg) and the
quasiperitectic phases are α–Al and T (Al6CuMg4). The solidification microstructure is composed of
remnant primary phase, quasiperitectic phases, binary eutectic and ternary eutectic. Although the
quasiperitectic phases and binary eutectic are composed of the same phases (α–Al+T(Al6CuMg4)),
their structures are different. The former structure presents strip form and the later present dendritic
form. The ternary eutectic reaction is suppressed and the remnant primary S phase is reserved in the
matrix with non–equilibrating crystallization.
KEY WORDS ternary quasiperitectic, quenching techniques, microstructure evolution, solidifica-

tion mechanism
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Fig.4 BSE images of Al–11.8Cu–24.22Mg ternary quasiperitectic alloy cooling according to cooling curve a (a), b

(b), c (c), d (d), e (e), f (f) that were shown in Fig.2
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Fig.5 Schematic solidification mechanism of Al–11.80Cu–24.22Mg ternary quasiperitectic alloy

(a) the primary S phase grows large in the liquid

(b) the binary eutectic phase (α–Al+S) encloses the primary S phase and grows large

(c) the ternary quasiperitectic transition has started and generated ternary quasiperitectic structure

(d) the ternary eutectic transition has started and generated ternary eutectic structure

%qt:0E(F%9367 (α–Al+T) r9 ([ 5d).

3 UY
(1) Al–11.80Cu–24.22Mg /..93=#$43,

p*/..938F%9367:pE%&(%, D α–
Al %8 T %, lFL67&"^i, /LdfmUog,
LLd6f(fqnog8foog.

(2) Al–11.80Cu–24.22Mg /..93=#Æ?3,
89Æ<bh:4%:(rkVu%;9$%Os, =&
:gji$4Z33, qD/..93Æ?(fS %gr
rvE,sa@yw:T6:.

(3) Al–11.80Cu–24.22Mg /..93=#$4x
hHVNZlO0. 3hHVNOo3, /..93Æ?
rV, /JmUo(/..9367; Æ+, /..93Æ
?VNOs, tEd^ovÆ;@:T6:rr/[//
..9367.

z{'(
[1] Li L, Lu X Y, Dai F P. Foundry Technol, 2008; 29: 601

(x y, zwx, xw{. |y&�, 2008; 29: 601)

[2] Lipton J, Kurz W, Trivedi R. Acta Metall, 1987; 35: 957

[3] Trivedi R, Lipton J, Kurz W. Acta Metall, 1987; 35: 965

[4] Jackson K, Hunt J. Trans AIME, 1966; 236: 1129

[5] Kurz W, Fisher D J. Acta Metall, 1980; 28: 777

[6] Trivedi R, Magnin P, Kurz W. Acta Metall, 1987; 35: 971

[7] Hillig W B, Mccarroll B. J Chem Phys, 1966; 45: 3887

[8] Wang N, Wei B. Mater Sci Eng, 2003; A345: 145

[9] Kerr H W, Kurz W. Int Mater Rev, 1996; 41: 129

[10] Boettinger W J, Coriell S R, Greer A L, Karma A, Kurz

W, Rappaz M, Trivedi R. Acta Mater, 2000; 48: 43

[11] Asta M, Beckermann C, Karma A, Kurz W, Napolitano

R, Plapp M, Purdy G, Rappaz M, Trivedi R. Acta Mater,

2009; 57(4): 941

[12] Sha G, Reilly K A Q O, Cantor B, Tichmarsh J M, Hamer-

ton R G. Acta Mater, 2003; 51: 1883

[13] Raghavan V. JPEDAV, 2007; 28: 174

[14] Chen Z M. J Shandong Inst Technol, 2001; 15(3): 25

(y}�. yzx��z�{, 2001; 15(3): 25)

[15] Li L, Lu X Y, Cao C D, Dai F P. Chin Sci Bull, 2009; 54:

2108

(x y, zwx, |}~, xw{. ��z{, 2009; 54: 2108)

[16] Fan L, Lu X Y, Dai F P. Foundry, 2010; 59: 775



� 11 � 4./$ : Al–11.80Cu–24.22Mg !#%0 1!&"235 1469'

(y |, zwx, xw{. |y, 2010; 59: 775)

[17] Lewis D J. PhD Thesis, Bethlehem: Lehigh University,

2000: 1

[18] Snugovsky L, Snugovsky P, Perovic D D. Mater Sci Tech-

nol, 2008; 24: 245

[19] Ruan Y, Wei B. Sci China, 2007; 50G: 563

[20] Li J G, Mao X M, Fu H Z, Shi Z X. Mater Sci Prog, 1991;

5: 461

(xz#, }{~, {|~, {|}.�����!, 1991; 5: 461)

[21] Zhou G, Wang W H, Li Y Y. Acta Metall Sin, 2000; 36:

478

(� }, |}�, x��. 	~�{, 2000; 36: 478)

[22] Xu H S. Aerospace Mater Technol, 1997; 6: 41

(~~�. x���x�, 1997; 6: 41)

[23] Yan X Y. PhD Thesis, Madison: University of Wisconsin–

Madison, 2001



<<
  /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
  /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 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

  /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


