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Very recently, [2007Prz] investigated the phase relation-
ships in the Al-rich region of this ternary system and
presented partial isothermal sections at 1080, 1000, 900, and
800 °C. Besides the quasicrystalline decagonal phase D, a
ternary phase of hexagonal symmetry labeled y and another
phase labeled x of unknown structure were found.

Binary Systems

The Al-Ni phase diagram [19930ka] shows five
intermediate phases: NiAls (D0;;, FesC-type orthorhom-
bic), NiAl; (D53-type hexagonal, denoted ), NiAl
(B2, CsCl-type cubic, denoted [), NisAl;z (GasPts-type
orthorhombic), and NizAl (L1,, AuCus-type cubic,
denoted y’). The Al-Rh phase diagram [2006Kho] depicts
the following intermediate phases: Rh,Aly (D8, Co,Aly-
type monoclinic), Rh;_Al; (orthorhombic, denoted O; or
€16), RhAl; (orthorhombic, denoted O, or &), Rh,Als(c)
(space group Pm3, cubic, denoted C), Rh,Als(h) (D8,
Co,Als-type hexagonal, denoted H), Rh;Al; (monoclinic,
denoted V) and RhAIl (B2, CsCl-type cubic). Ni and Rh
form a continuous face-centered cubic solid solution.

Ternary Phase Equilibria

The decagonal D phase has a basic periodicity of
~0.4 nm. The y phase forms between Al;¢NiyRhy, and
Al;6Nij3Rh;; and has the hexagonal lattice parameters of
a=12229 nm and c¢=2.7158 nm at the composition
Al;6NigRh|¢. The phase x of unknown structure forms
around Al70Ni11Rh19 [2007PTZ]

With starting metals of 99.999% Al 99.99% Ni, and
99.95% Rh, [2007Prz] induction-melted under Ar atm a
number of alloys. The alloys were annealed at 1080-800 °C
for 24-3168 h and quenched in water. The phase equilibria
were studied with scanning and transmission electron
microscopy, x-ray powder diffraction, energy dispersive
x-ray spectroscopy, and differential thermal analysis at
heating/cooling rates of 10-50 °C per min. For each alloy,
the phases identified and their compositions were listed. All
the structurally related ¢ phases were clubbed together and
labeled €. The isothermal sections for Al-rich alloys
constructed by [2007Prz] at 1080, 1000, 900, and 800 °C
are redrawn in Fig. 1-4.

At 1080 °C (Fig. 1), the decagonal D phase is stable
around the composition Al;;NijgRh;; and forms tie-lines
with €, NiyAls, and liquid. The x phase is present around
Al;oNijRh;g. NioAl; dissolves up to 4 at.% Rh. The ¢, C,
and V phases dissolve up to 12.5, 10.5, and 3 at.% Ni,
respectively. The B2 phases NiAl and RhAl probably form a
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Fig. 1 AIl-Ni-Rh isothermal section at 1080 °C for Al-rich
alloys [2007Prz]
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Fig. 2 AIl-Ni-Rh isothermal section at 1000 °C for Al-rich
alloys [2007Prz]

continuous solid solution (denoted B2), which extends up to
60 at.% Al [2007Prz].

At 1000 °C (Fig. 2), the D phase is not stable. The third
component solubility in € and Ni,A3 has slightly increased,
whereas it remains almost the same in C, V and x phases.
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Fig. 3 Al-Ni-Rh isothermal section at 900 °C for Al-rich alloys
[2007Prz]

The low-temperature phase H has appeared. At 900 °C
(Fig. 3), RhyAly is present and dissolves up to 2 at.% Ni.
The C and V phases occur only in the ternary region and
have ranges of ~3-9 and ~1-3 at.% Ni, respectively. The
phase is present and has a Ni range of 5-9 at.%. At 800 °C
(Fig. 4), the € range is up to 17 at.% Ni. NiAl; is present
and dissolves up to 3 at.% Rh. The homogeneity range of y
increases to 4-13 at.% Ni. The C phase region shrinks to a
narrow strip between AlgoNigRh,5 and AlggNigRh,s. The x
phase is not stable at this temperature [2007Prz].
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Fig. 4 AIl-Ni-Rh isothermal section at 800 °C for Al-rich alloys
[2007Prz]

References

19930ka: H. Okamoto, Al-Ni (Aluminum-Nickel), J. Phase
Equilib., 1993, 14(2), p 257-259

2006Kho: V.G. Khoruzhaya, K.E. Kornienko, P.S. Martsenyuk,
and T.Ya. Velikanova, Phase Equilibria in the System Al-Rh,
Poroshk. Metall., 2006, (5-6), p 48-56, in Russian; TR: Powder
Metall. Met. Ceram., 2006, 45(5-6), p 251-258

2007Prz: B. Przepiorzynski, S. Mi, B. Grushko, and M. Surowiec,
An Investigation of the AI-Ni-Rh Phase Diagram between 50
and 100 at.% Al, Intermetallics, 2007, 15, p 918-928

Journal of Phase Equilibria and Diffusion Vol. 29 No. 3 2008 279



	Outline placeholder
	Sec1
	Sec2
	Bib1



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


