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The review of this system by [1992Rag] presented an
isothermal section at 500 �C, which depicted no ternary
compounds. The update by [2005Rag] reviewed the results
of Balanetskyy et al. [2004Bal1, 2], who found three cubic
ternary phases and two orthorhombic phases in Al-rich
alloys in the temperature range of 1020-750 �C. Recently,
Balanetskyy et al. made a detailed study of the solidification
characteristics of ternary alloys in the range of 50-100 at.%
Al [2005Bal1].

Binary Systems

The Al-Fe phase diagram [1993Kat] shows the face-
centered cubic (fcc) solid solution based on Fe is restricted
by a c loop. The body-centered cubic (bcc) solid solution
exists in the disordered A2 form as well as ordered B2 and
D03 forms. Apart from the high-temperature phase e (58-
65 at.% Al; stable between 1232 and 1102 �C), three other
intermediate phases exist: FeAl2 (triclinic), Fe2Al5 (ortho-
rhombic), and FeAl3 or Fe4Al13 (monoclinic). In the Al-Pd

system [1986McA], the intermediate phases in the
50-100 at.% Al range are: Al4Pd (hexagonal), Al5Pd2
(orthorhombic), Al3Pd2 (D513, Al3Ni2-type hexagonal),
and AlPd (B2, CsCl-type cubic; denoted b). In the Fe-Pd
system, a continuous fcc solid solution c forms between
fcc Fe and Pd in the temperature range of 1300-900 �C. At
lower temperatures, two superstructures are known: FePd
(AuCu-type tetragonal) and FePd3 (AuCu3-type cubic).

Ternary Phases

Recent work of [2004Bal1] and [2004Bal2] (reviewed in
[2005Rag]) have revealed the presence of a number of
Al-rich ternary phases in the temperature range of 1020-
750 �C. Three cubic phases are designated as C(Pm�3),
C1(Im�3), and C2(Fm�3), each with a significant homogeneity
range. The O and N phases are of orthorhombic symmetry.
A decagonal phase D with ~1.6 nm periodicity forms from
the liquid in alloys between 73-82 at.% Al and 10-17 at.%
Pd. This phase was found to be metastable [2005Bal2].

Fig. 1 Al-Fe-Pd liquidus projection for Al-rich alloys [2005Bal1]
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Fig. 2 Al-Fe-Pd solidus projection for Al-rich alloys [2005Bal1]

(a) (b)

Fig. 3 Schematic illustration of the solidus surface near the invariant reactions (a) U and (b) P
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Liquidus and Solidus Projections

[2005Bal1] carried out differential thermal analysis at a
heating/cooling rate of 2-20 �C per min on the same 69
alloys that were used for the determination of the isothermal
sections by [2004Bal1]. The phase structure was studied by
scanning and transmission electron microscopy, energy
dispersive x-ray analysis, and x-ray powder diffraction. The
liquidus projection constructed by [2005Bal1] for the
50-100 at.% Al region is redrawn in Fig. 1. The univariant
and invariant reactions in Fig. 1 are numbered the same way
as in [2005Bal1]. The phases of primary crystallization are
marked. The ternary phases O, C, C1, C2, and N form
through ternary peritectic reactions P1, P2, P3, P4, and P7 at
1135, 1047, 1005, 990, and 885 �C, respectively. The binary
phases Al3Pd2 (denoted d by [2005Bal1]) and Al5Pd2
(denoted e by [2005Bal1]) nucleate in the ternary region
through the reactions P5 and P6 at 965 and 943 �C,
respectively. The B2 (b) phase is present over a large area as
a primary phase. The N phase was not observed experi-
mentally as a primary phase and its formation through P7
shown in Fig. 1 is tentative. [2005Bal1] listed the compo-
sitions of the phases taking part in the invariant reactions.

The projection of the solidus surface determined by
[2005Bal1] for the 50-100 at.% Al region is shown in
Fig. 2. The temperature decreases in the direction of the
arrow on a curve that traces the composition of that solid
phase. The tie-triangles give the compositions of the co-
existing solid phases immediately after solidification. These
three-phase equilibria emerge from the invariant four-phase
reactions shown on the liquidus surface in Fig. 1. The
invariant-reaction temperatures are shown inside the tie-
triangles. As illustrated schematically in Fig. 3, two types of

topology are seen corresponding to the invariant reaction U
or P.

[2005Bal1] also presented a reaction scheme that is
consistent with the liquidus surface and the isothermal
sections of [2004Bal1, 2].

References

1986McA: A.J. McAlister, The Al-Pd (Aluminum-Palladium)
System, Bull. Alloy Phase Diagrams, 1986, 7(4), p 368-374

1992Rag: V. Raghavan, The Al-Fe-Pd (Aluminum-Iron-
Palladium) System, Phase Diagrams of Ternary Iron Alloys.
Part 6A, Indian Institute of Metals, Calcutta, 1992, p 154-158

1993Kat: U.R. Kattner and B.P. Burton, Al-Fe (Aluminum-Iron),
in Phase Diagrams of Binary Iron Alloys, H. Okamoto, Ed.,
ASM International, Materials Park, OH, 1993, p 12-28

2004Bal1: S. Balanetskyy, B. Grushko, E. Kowalska-Strzeci-
wilk, T.Ya. Velikanova, and K. Urban, An Investigation of
the Al-Pd-Fe Phase Diagram Between 50 and 100 at.% Al:
Phase Equilibria at 900-1020 �C, J. Alloys Compd., 2004,
364, p 164-170

2004Bal2: S. Balanetskyy, B. Grushko, T.Ya. Velikanova, and
K. Urban, An Investigation of the Al-Pd-Fe Phase Diagram
Between 50 and 100 at.% Al: Phase Equilibrium at 750 �C,
J. Alloys Compd., 2004, 376, p 158-164

2005Bal1: S. Balanetskyy, T.Ya. Velikanova, and B. Grushko,
An Investigation of the Al-Pd-Fe Phase Diagram Between 50
and 100 at.% Al: Reaction Scheme, J. Alloys Compd., 2005,
394, p 219-225

2005Bal2: S. Balanetskyy, B. Grushko, T.Ya. Velikanova, and
K. Urban, Decagonal Quasicrystals in Al-Pd-Fe, Intermetallics,
2005, 13, p 649-654

2005Rag: V. Raghavan, Al-Fe-Pd (Aluminum-Iron-Palladium),
J. Phase Equilb. Diffus., 2005, 26(1), p 72-74

Section II: Phase Diagram Evaluations

376 Journal of Phase Equilibria and Diffusion Vol. 28 No. 4 2007



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


