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Phase Diagram Evaluations: Section Il

Al-Cr-Ni (Aluminum-Chromium-Nickel)

V. Raghavan

The earlier reviews of this ternary system were those of
[1984Mer], [1991Rog], and [1995Vil]. [2004Vel] updated
the data reviewed by [1991Rog]. An update by [2006Rag]
presented a computed liquidus projection, compared several
isothermal sections of [1999Hua] and [2001Dup] and gave
vertical sections along the NiAl-Cr and Ni;Al-‘Ni;Cr’ joins.
An isothermal section at 1150 °C for Al-lean alloys
determined by [2006Kit] was reviewed briefly by
[2008Rag]. The ternary phases in the Al-rich region were
recently investigated by [2008Grul], who presented iso-
thermal sections at 1000 and 900 °C. At 1000 °C, two
ternary phases labeled { and € were found; at 900 °C, only {
was found. Very recently, for the Al-rich region, [2008Wei]
determined a liquidus projection and an isothermal section
at 700 °C. In addition to , two other ternary phases of
unresolved structure were identified at 700 °C.

Binary Systems

The Al-rich end of the Al-Cr phase diagram investigated
recently by [2008Gru2] is shown in Fig. 1. The intermediate
phases in the system are: CrAl; (V;Alss-type monoclinic,
denoted 0), CrAl;; (CrAls-type monoclinic, denoted m),
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Fig. 1 AIl-Cr Phase diagram in the Al-rich region [2008Gru2]

CrAly (hexagonal, P65/mmc, denoted ), CrAl; (v), CryAl
(MoSi,-type tetragonal) and an unconfirmed low-tempera-
ture phase X at 75 at.% Cr. Between 30 and 41 at.% Cr, five
phases were reported earlier: aCryAg, PCryAly, yCriAlo,
oCrsAlg and PCrsAlg, with no well-established phase
boundaries between them. The work of [2008Gru2] shows
only two phases in this region. The high-temperature phase
denoted 7v; is cubic (CusZng-type) and transforms on
cooling via a second-order transition to v,, the transition
temperature decreasing from 1140 to 1060 °C with increas-
ing Al content. The v, phase is rhombohedral (CrsAlg-type).
The Al-Ni phase diagram [19930ka] shows five interme-
diate phases: NiAl; (FesC-type orthorhombic), Ni,Al;
(D515-type hexagonal, denoted d), NiAl (B2, CsCl-type
cubic, denoted B), NisAl; (GasPts-type orthorhombic), and
NizAl (L1,, AuCus-type cubic, denoted y’). The Cr-Ni
phase diagram is of the simple eutectic type, with Ni
dissolving up to ~50 at.% Cr and Cr dissolving up to
~32 at.% Ni.

Ternary Phase Equilibria

About 20 alloys were induction-melted under Ar atm by
[2008Grul]. Alloys containing > 60 at.% Al were annealed
at 1000 °C for 90-120 h or at 900 °C for 110-142 h. Alloys
with <60 at.% Al were annealed at 1150 °C for 49 h, at
1025 °C for 400 h or at 1000 °C for 382-686 h. All alloys
were quenched in water after annealing. The phase equilib-
ria were studied by x-ray powder diffraction, scanning and
transmission electron microscopy and differential thermal
analysis (DTA) at heating and cooling rates of 10-50 °C per
min. The local phase composition was determined by the
energy dispersive x-ray analysis.

The isothermal sections constructed by [2008Grul] for
Al-rich alloys at 1150 and 1025 °C (Fig. 2 and 3) are in
broad agreement with earlier results reviewed by
[2006Rag]. The isothermal sections of [2008Grul] at 1000
and 900 °C are redrawn in Fig. 4 and 5. At 1000 °C
(Fig. 4), two ternary phases were found. A hexagonal phase
labeled { by [2008Grul] (called k or p, in earlier literature)
was found to have a composition range between Alyg g
Ni3 oCrigo and Al;; 5Nig gCrig s [2008Grul], with lattice
parameters of a = 1.7674 nm, and ¢ = 1.2516 nm. The
DTA experiments indicated its formation at ~1030 °C. The
second ternary phase at 1000 °C labeled € (see Fig. 4) has
orthorhombic symmetry with a~1.26 nm, b~3.48 nm,
and ¢=~2.02 nm and occurs around the composition
Al;65Niy oCrpy 5. Interpretation in the earlier literature of €
as the binary phase CrAl, (n) was discounted by
[2008Grul]. The third component solubility in the binary
phases L, v,, and & phases was found to be about 1 at.% Ni,
3 at.% Ni, and 2.5 at.% Cr respectively. At 900 °C (Fig. 5),
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Fig. 2 Al-Cr-Ni isothermal section at 1150 °C [2008Grul]
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Fig. 3 Al-Cr-Ni isothermal section at 1025 °C [2008Grul]

the ternary phase € was not found. The homogeneity range
of { at 900 °C becomes wider and extends between
AlgNi3Crig, Al765Ni3Craos, AlyssNigCriss, and Aly s
NigCrjg 5.

With starting metals of 99.99% purity, [2008Wei] arc-
melted more than 30 Al-rich ternary alloys under Ar atm.
The alloys were annealed between 950 and 600 °C for
2 weeks and quenched in water. The phase equilibria were
studied with x-ray powder diffraction, metallography,
energy dispersive x-ray analysis on a scanning electron
microscope, and DTA at a heating and cooling rate of
5 °C/min. The homogeneity range of { (designated T, by
[2008Wei]) at 700 °C was found to match with that found
by [2008Grul] at 900 °C. The second ternary phase labeled
T, had an x-ray pattern characteristic of decagonal phases.
The third ternary phase t3; had a complex pattern. The
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Fig. 4 AI-Cr-Ni isothermal section at 1000 °C [2008Grul]
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Fig. 5 AIl-Cr-Ni isothermal section at 900 °C for Al-rich alloys
[2008Grul]

structures of 1T, and 13 were not resolved. The isothermal
section at 700 °C constructed by [2008Wei] is shown in
Fig. 6. The binary phase field designated v,CrsAlg-y;CrsAly
by [2008Wei] is shown as y,. The binary phase Ni,Als (8)
was found to dissolve up to 12 at.% Cr, which is much
higher than 2.5 at.% found by [2008Grul]. CrAl; (v) shown
tentatively stable up to 750 °C by [2008Gru2] was not
found by [2008Wei] at 700 °C.

The liquidus projection constructed by [2008Wei] is
shown in Fig. 7, with some tentative modifications.
[2008Wei] adopted three phases in the 7y-region of the
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Fig. 6 Al-Cr-Ni isothermal section at 700 °C in the Al-rich
region [2008Wei]

Al-Cr system designated as v;(Cr,Al) or 7,CrsAlg, v,CrsAlg
and v;CrsAly. In the Al-Cr phase diagram accepted here,
only 7y, (cubic) and 7y, (rhombohedral) are recognized.
Accordingly, the liquid-solid reactions involving y;CrsAlgy
are omitted in Fig. 7. Only one binary peritectic reaction
L + (Cr) <> v, is shown. [2008 Wei] admitted that the issues
regarding v,CrsAlg-y3CryAly are not entirely resolved.
Clearly, there is need for a general consensus on the phases
present in the 7y field of the Al-Cr system. A reaction scheme
developed by [2008Wei] (not shown here) will need
modification, if the tentative view accepted here regarding
the Al-Cr system prevails.
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Fig. 7 Al-Cr-Ni liquidus projection in the Al-rich region
[2008Wei]

1999Hua: W. Huang and Y.A. Chang, Thermodynamic Proper-
ties of the Ni-Cr-Al System, Intermetallics, 1999, 7, p 863-
874

2001Dup: N. Dupin, I. Ansara, and B. Sundman, Thermodynamic
Re-Assessment of the Ternary System Al-Cr-Ni, CALPHAD,
2001, 25, p 279-298

2004Vel: T. Velikanova, K. Korniyenko, and V. Sidorko,
Aluminum-Chromium-Nickel, Chapter in Landolt-Bornstein
New Series IV/11A1, 2004, p 371-410

2006Kit: Y. Kitayama, S. Hayashi, and T. Narita, Phase Equilibria
of the Nickel-Aluminum-Chromium System at 1150 °C, Mater.
Sci. Forum, 2006, 522-523, p 103-110

2006Rag: V. Raghavan, AIl-Cr-Ni  (Aluminum-Chromium-
Nickel), J. Phase Equilb. Diffus., 2006, 27(4), p 381-388

2008Grul: B. Grushko, W. Kowalski, D. Pavlyuchkov, B.
Przepiorzynski, and M. Surowiec, A Contribution to the
Al-Ni-Cr Phase Diagram, J. Alloys Compd., 2008, 460, p 299-
304

2008Gru2: B. Grushko, B. Przepiorzynski, and D. Pavlyuchkov,
On the Constitution of the High Al-Region of the Al-Cr Alloy
System, J. Alloys Compd., 2008, 454, p 214-220

2008Rag: V. Raghavan, AIl-Cr-Ni  (Aluminum-Chromium-
Nickel), J. Phase Equilb. Diffus., 2008, 29(2), p 175

2008Wei: F. Weitzer, W. Xiong, N. Krendelsberger, S. Liu, Y. Du,
and J.C. Schuster, Reaction Scheme and Liquidus Surface in the
Al-rich Section of the AI-Cr-Ni System, Metall. Mater. Trans.,
2008, 39A(10), p 2363-2369

Journal of Phase Equilibria and Diffusion Vol. 30 No. 1 2009 63



	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


