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Phase Diagram Evaluations: Section Il

Fe-Mn-Ni (Iron-Manganese-Nickel)

V. Raghavan

In their review of this ternary system, [1988Ray]
presented a liquidus surface with constant temperature
contour lines (isotherms) from the early work of [1913Par].
The update of [1994Rag] presented a liquidus projection
based on the work of [1985Koc], isotherms on the liquidus
surface for Fe-rich alloys from [1986Kun] and two com-
puted isothermal sections for Fe-rich alloys at 750 and
550 °C from [1989Har]. A data compilation from the above
studies was given by [1995Vil]. [1997Sch] reviewed the
liquid-solid equilibria in the ternary system, based on new
results on the liquid equilibria in the binary subsystems.
As part of the calculation of phase equilibria in multi-
component steels, [1998Mie] obtained approximate ther-
modynamic interaction parameters for liquid, bcc and fcc
phases in this system Recently, [2009Zha] carried out new
experiments on seven selected ternary alloys and presented
a thermodynamic assessment covering the entire composi-
tion range. They computed a liquidus surface and a number
of isothermal and vertical sections. This work will be
reviewed briefly in this update.

Binary Systems

There are no intermediate phases in the Fe-Mn system.
The prominent feature of the diagram is the presence of
the continuous fcc solid solution between yFe and yMn.
A thermodynamic reevaluation of this system was presented
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Fig. 1 Fe-Mn-Ni computed isothermal section at 800 °C
[2009Zha]

recently by [2004Wit]. The Fe-Ni phase diagram [1991Swa]
is characterized by a very narrow solidification range with a
peritectic reaction at 1514 °C, between bee (o) and liquid
that yields the Fe-based fcc solid solution. A continuous fcc
solid solution denoted vy is stable over a wide range of
temperature. At 517 °C, an ordered phase FeNi; forms
congruently from 7y. The Mn-Ni phase diagram was
reinvestigated recently by [2002Din] and [2007Fra] and
their results are in agreement. This phase diagram calculated
by [2005Guo] and [2009Zha] incorporating recent results
are in agreement. The intermediate phases are: MnNi(HT)
(B2, CsCl-type cubic), MnNi(LT) (L1,, AuCu-type tetrag-
onal), MnNi,, and MnNiz(L1,, AuCus-type cubic).

Ternary Phase Equilibria

With starting metals of 99.99% Fe, 99.9% Mn, and
99.95% Ni, [2009Zha] arc-melted under Ar atm seven
ternary alloys. The samples were annealed at 800 °C for
40 days and quenched in water. The phase equilibria were
studied with optical and scanning electron metallography,
energy dispersive x-ray analysis, x-ray powder diffraction
and differential thermal analysis at heating/cooling rates of
5 °C per min.

In their thermodynamic modeling, [2009Zha] described
the liquid, fcc, bee and 413-type cubic phases as substitu-
tional solutions. The magnetic contribution to the Gibbs
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Fig. 2 Fe-Mn-Ni computed isothermal section for Fe-rich
alloys at 1508 °C [2009Zha]
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Section Il: Phase Diagram Evaluations

energy was taken into account. The bcc — B2 and
fcc — L1, ordering transitions were modeled using a
single Gibbs energy function by adding an ordering energy
term. The binary descriptions from the literature were used.
[2009Zha] employed the phase equilibrium data from
[1913Par, 1985Koc] and [1986Kun], along with their own
experimental measurements in the optimization. The very
limited thermodynamic measurements from the literature on
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Fig. 3 Fe-Mn-Ni computed isothermal section for Fe-rich
alloys at 1485 °C [2009Zha]
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Fig. 4 Fe-Mn-Ni computed vertical section along FegoNiso-
MnsoNizo jOil’l [2009Zha]

vapor pressure and activity of Mn in ternary alloys were also
used as inputs.

The isothermal section at 800 °C computed by
[2009Zha] is compared with their own results in Fig.1.
The agreement is satisfactory. In addition, [2009Zha]
computed four isothermal sections for Fe-rich alloys at
1519, 1508, 1505, and 1485 °C, which showed satisfactory
agreement with the experimental results of [1986Kun]. The
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Fig. 5 Fe-Mn-Ni computed vertical section along Fe-MnsoNisq
join [2009Zha]
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Fig. 6 Fe-Mn-Ni computed liquidus projection [2009Zha]
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computed isothermal sections at 1508 and 1485 °C are
shown in Fig. 2 and 3.

[2009Zha] computed four vertical sections depicting the
liquid-solid equilibria along the MngyoFe;o-NiggFeyq,
Fe7oMn30-Ni70Mn30, FegoNizo-MngoNizo arld Fe-Mn5ONi50
joins, respectively (in mass%) and compared them with the
experimental data of [1913Par, 1986Kun] and [2009Zha].
The agreement was found to be satisfactory. Here, two
vertical sections along the FegyNiyp-MngoNiyg and MnsoNisg-
Fe joins, respectively, are shown in Fig. 4 and 5. The liquidus
projection computed by [2009Zha] is shown in Fig. 6. The
primary field of the fcc phase dominates the surface.

References

1913Par: N. Parravano, The Ternary Alloys of Iron-Nickel-
Manganese, Nickel-Manganese-Copper, and Iron-Manganese-
Copper, Z. Metallkd., 1913, 4, p 171-201, in German

1985Koc: Yu. A. Kocherzhinskii, O.G. Kulik, and V.Z.
Turkevich, Melting Diagrams of the Fe-Mn-Ni System, Metally,
1985, (4), p 210-213, in Russian; TR: Russ. Metall. 1985, (4),
p 204-207

1986Kun: D.M. Kundrat, Phase Relationships in the Fe-Cr-Mn-
Ni-C System at Solidification Temperatures, Metall. Trans. A,
1986, 17, p 1825-1835

1988Ray: G.V. Raynor and V.G. Rivlin, Fe-Mn-Ni, Phase
Equilibria in Iron Ternary Alloys, Inst. Metals, London, 1988,
p 361-362

Phase Diagram Evaluations: Section I

1989Har: K.C. Hari Kumar and V. Raghavan, BCC-FCC
Equilibrium in Ternary Iron Alloys-1Il, J. Alloy Phase Diagr.,
1989, 5, p 201-220

1991Swa: L.J. Swartzendruber, V.P. Itkin, and C.B. Alcock,
The Fe-Ni (Iron-Nickel) System, J. Phase Equilib., 1991,
12(3), p 288-312

1994Rag: V. Raghavan, Fe-Mn-Ni (Iron-Manganese-Nickel),
J. Phase Equilib., 1994, 15(6), p 617-619

1995Vil: P. Villars, A. Prince, and H. Okamoto, Fe-Mn-Ni,
Handbook of Ternary Alloy Phase Diagrams, Vol 8, ASM
International, Materials Park, OH, 1995, p 10389-10399

1997Sch: E. Schurmann, M. Djurdjevic, and L. Nedeljkovic,
Liquid Equilibria in the Fe-Ni-Mn System, Steel Res., 1997,
68(12), p 512-515

1998Mie: J. Miettinen, Approximate Thermodynamic Solution
Phase Data for Steels, CALPHAD, 1998, 22(2), p 275-300

2002Din: L. Ding, P.F. Ladwig, X. Yan, and Y.A. Chang,
Thermodynamic Stability and Diffusivity of Near Equiatomic
Ni-Mn Alloys, Appl. Phys. Lett., 2002, 80(7), p 1186-1188

2004Wit: V.T. Witusiewicz, F. Sommer, and E.J. Mittemeijer,
Reevaluation of the Fe-Mn Phase Diagram, J. Phase Equilib.
Diffus., 2004, 25(4), p 346-354

2005Guo: C. Guo and Z. Du, Thermodynamic Optimization of
the Mn-Ni System, Intermetallics, 2005, 13, p 525-534

2007Fra: P. Franke, An Assessment of the Ordered Phases in
Mn-Ni Using Two- and Four-Sublattice Models, Int. J. Mater.
Res., 2007, 98(10), p 954-960

2009Zha: L. Zhang, Y. Du, H. Xu, S. Liu, Y. Liu, F. Zheng,
N. Dupin, H. Zhou, and C. Tang, Phase Equilibria and Thermal
Analysis in the Fe-Mn-Ni System, Int. J. Mater. Res., 2009,
100(2), p 160-175

Journal of Phase Equilibria and Diffusion Vol. 31 No. 2 2010 179



	Fe-Mn-Ni (Iron-Manganese-Nickel)
	Binary Systems
	Ternary Phase Equilibria
	References



<<
  /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 true
  /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 [5952.756 8418.897]
>> setpagedevice


