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Al – Mn (Aluminum – Manganese) 

Phase diagram 
For a discussion of the phase diagram and the crystal structure of intermediate phases see [97 Kre], 
[94 Oka] and [97 Oka]. The phase diagram reassessed by Liu et al. [99 Liu] on the basis of recent 
experimental results is reproduced in Fig. 1. 

An enlarged version of the Mn-rich part is given in Fig. 2 (see [96 Liu]). 
By mechanically alloying of pure Al and Mg powders Suryanarayana et al. [91 Sur] succeeded in 

preparing solid solutions with up to 18.5 at% Mn. By aging at room temperature a metastable fcc phase is 
obtained with lattice parameter  

a = 0.4472 nm. 
At temperatures > 623 K the solid solution transforms into the equilibrium phase Al6Mn. 

Minamino et al. [91 Min] have investigated the solubility of Mn in (Al) at high pressure. The results 
are plotted in Fig. 3. 

Thermodynamics 
Meschel et al. [93 Mes] have determined calorimetrically the standard enthalpies of formation of Al2Mn3 
and AlMn4. The values are  

∆H298 = - 23.4 ± 0.8 kJ g-atom-1 and 
∆H298 = - 15.1 ± 1.0 kJ g-atom-1, 

respectively. 
Chastel et al. [94 Cha], using the Knudsen cell mass spectrometry, have determined thermodynamic 

activities of liquid Al-Mn alloys in the temperature range from 1250 K to 1550 K. The results obtained at 
1520 K are plotted in Fig. 4. 

Optimizing thermodynamic data and phase equilibria of the Al-Mn system, Jansson [92 Jan] obtained 
the following results: 

1) Calculated enthalpies of mixing of liquid alloys at 1626 K, which are in very good 
agreement with experimental ∆HL-values found by [73 Esi] (see Fig. 5). 

2) Thermodynamic activities of Al in liquid Al-Mn alloys at 1570 K. The calculated data are in 
good agreement with experimental aL

Al values published by Batalin et al. [72 Bat] (see 
Fig. 6). 

3) Solubility of Mn in fcc-Al (see Fig. 7). There is good agreement with data from different 
authors. 

4) Calculated parts of the phase diagram (see Fig. 8 and Fig. 9). These calculated results are in 
agreement with experimental data, too [71 Göd], [60 Kös], [87 Mur]. 

At least [92 Jan] has calculated enthalpies of formation of intermediate phases. In Table 1 the results 
are compared with experimental data published by [60 Kub]. 
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Table 1. Al–Mn. Calculated enthalpies of formation of intermediate phases compared with experimental 
∆HS-values in kJ g-atom-1 Experimental data taken from [60 Kub]. 

 

Phase ∆HS 
 Calculated [92 Jan] Calculated [60 Kub] 

Al6Mn - 15.00 - 12.38 
Al4Mn - 21.13 - 21.67 
Al11Mn4 - 23.65 - 21.21 
Al8Mn5 - 23.74 - 20.71; - 22.01 
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Fig. 1. Al–Mn. Phase equilibria Al-Mn reassessed by Liu et al. [99 Liu]. 
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Fig. 2. Al–Mn. The Mn-rich part of the 
phase diagram in an enlarged version 
[96 Liu]. 
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Fig. 3. Al–Mn. Solubility of Mn in (Al) at 
0.1 MPa and 2.1 GPa [91 Min]. 
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Fig. 4. Al–Mn. Thermodynamic activities of the components in liquid Al-Mn alloys at 
T = 1520 K [94 Cha]. 
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Fig. 5. Al–Mn. Calculated enthalpies of mixing of liquid alloys at 1626 K [92 Jan] 
[73 Esi]. 
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Fig. 6. Al–Mn. Calculated thermodynamic activities of Al at 1570 K [72 Bat] [92 Jan]. 
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Fig. 7. Al–Mn. Solubility of Mn in fcc-Al [92 Jan]. 
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Fig. 8. Al–Mn. Calculated Al-rich part of the phase 
diagram [92 Jan]. 
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Fig. 9. Al–Mn. Calculated part of the phase diagram 
[92 Jan]. 
 

 
 

References 
[60 Kös] Köster, W., Wachtel, E.: Z. Metallkde. 51 (1960) 271 
[60 Kub] Kubaschewski, O., Heymer, G.: Trans. Faraday Soc. 56 (1960) 473 
[71 Göd] Gödecke, T., Köster, W.: Z. Metallkde. 62 (1971) 727 
[72 Bat] Batalin, G.J., Beloborodova, E.A., Stukalo, B.A., Tshechowsky, A.A.: Ukr. Khim Zh. 38 

(1972) 825 
[73 Esi] Esin, Y.O., Bobrov, N.T., Petrushevskii, M.S., Gold, P.V.: Russ. J. Phys. Chem. 47 (1973) 

1103 
[87 Mur] Murray, J.L., McAlister, A.J., Schaefer, R.J., Bendersky, L.A., Biancaniella, F.S., Moffatt, 

D.L.: Metall. Trans. A 18A (1987) 385 
[91 Min] Minamino, Y., Yamane, T., Araki, H., Takeuchi, N., Kang, Y., Miyamoto, Y., Okamoto, T.: 

Metallurg. Trans. A 22A (1991) 783 
[91 Sur] Suryanarayana, C., Sundaresan, R.: Materials Science and Engineering A131 (1991) 237 



 Phase Equilibria, Crystallographic and Thermodynamic Data of Binary Alloys 6 

 

Landolt-Börnstein 
New Series IV/12A 
Supplement to IV/5A 

[92 Jan] Jansson, A., Metallurg. Trans. A 23A (1992) 2953 
[93 Mes] Meschel, S.V., and O.J. Kleppa, “Metallic Alloys”, edited by J.S. Faulkner, and R.G. 

Jordan, NATO Serie e 256 (1993) 103 
[94 Cha] Chastel, R., M. Saito, and C. Bergman, J. Alloys and Comp. 205 (1994) 30 
[94 Oka] Okamoto, H.,J. Phase Equilibria 15 (1994) 123 
[96 Liu] Liu, X.J., R. Kainuma, H. Ohtani, and K. Ishida, J. Alloys and Comp. 235 (1996) 256 
[97 Kre] Kreiner, G., H.F. Franzen, J. Alloys and Comp. 261 (1997) 83 
[97 Oka] Okamoto, H.,J. Phase Equilibria 18 (1997) 398 
[99 Liu] Liu, X.J., I. Ohnuma, R. Kalnuma, and K. Ishida, J. Phase Equilibria 20 (1999) 45 
 


	PREVIOUS DOCUMENTFILE
	NEXT DOCUMENTFILE
	 
	Springer
	LB-Home
	Contents: Ac-Ag to Au-Zr. Supplement to IV/5A.
	Title Page, Contributors, Preface
	Title Page
	Editor and Author
	Preface
	Contents

	Introduction
	Thermodynamic functions and notation used
	Some physical properties of the elements
	Crystal structures of the elements
	Allotropic modifications of the elements at normal pressure
	High-pressure modifications of the elements
	Some thermodynamic properties of the elements
	Enthalpies of transition of elements in the solid state
	List of symbols
	List of abbreviations

	Actinium Binary Systems Ac-Ag...Ac-As
	Ac-Ag (Actinium-Silver)
	Ac-Au (Actinium-Gold)
	Ac-B (Actinium-Boron)
	Ac-Cr (Actinium-Chromium)
	Ac-Cu (Actinium-Copper)
	Ac-H (Actinium-Hydrogen)
	Ac-Hg (Actinium-Mercury)
	Ac-Mg (Actinium-Magnesium)
	Ac-O (Actinium-Oxygen)
	Ac-S (Actinium-Sulfur)

	Silver Binary Systems Ag-Al...Ag-Zr
	Ag-Al (Silver-Aluminum)
	Ag-Ar (Silver-Argon)
	Ag-As (Silver-Arsenic)
	Ag-At (Silver-Astatine)
	Ag-Au (Silver-Gold)
	Ag-B (Silver-Boron)
	Ag-Ba (Silver-Barium)
	Ag-Bi (Silver-Bismuth)
	Ag-Br (Silver-Bromine)
	Ag-C (Silver-Carbon)
	Ag-Ca (Silver-Calcium)
	Ag-Ce (Silver-Cerium)
	Ag-Cl (Silver-Chlorine)
	Ag-Cu (Silver-Copper)
	Ag-Dy (Silver-Dysprosium)
	Ag-Eu (Silver-Europium)
	Ag-F (Silver-Fluorine)
	Ag-Fr (Silver-Francium)
	Ag-Ga (Silver-Gallium)
	Ag-Gd (Silver-Gadolinium)
	Ag-Ge (Silver-Germanium)
	Ag-H (Silver-Hydrogen)
	Ag-He (Silver-Helium)
	Ag-Hf (Silver-Hafnium)
	Ag-Hg (Silver-Mercury)
	Ag-I (Silver-Iodine)
	Ag-In (Silver-Indium)
	Ag-Ir (Silver-Iridium)
	Ag-La (Silver-Lanthanum)
	Ag-Lu (Silver-Lutetium)
	Ag-Mg (Silver-Magnesium)
	Ag-Mn (Silver-Manganese)
	Ag-Mo (Silver-Molybdenum)
	Ag-Nd (Silver-Neodymium)
	Ag-Ne (Silver-Neon)
	Ag-Np (Silver-Neptunium)
	Ag-P (Silver-Phosphorus)
	Ag-Pa (Silver-Protactinium)
	Ag-Pm (Silver-Prometium)
	Ag-Po (Silver-Polonium)
	Ag-Pr (Silver-Praseodymium)
	Ag-Pt (Silver-Platinum)
	Ag-Ra (Silver-Radium)
	Ag-Re (Silver-Rhenium)
	Ag-Rn (Silver-Radon)
	Ag-Ru (Silver-Ruthenium)
	Ag-Sb (Silver-Antimony)
	Ag-Sc (Silver-Scandium)
	Ag-Se (Silver-Selenium)
	Ag-Sm (Silver-Samarium)
	Ag-Sn (Silver-Tin)
	Ag-Ta (Silver-Tantalum)
	Ag-Tc (Silver-Technetium)
	Ag-Te (Silver-Tellurium)
	Ag-Th (Silver-Thorium)
	Ag-Ti (Silver-Titanium)
	Ag-Tm (Silver-Thulium)
	Ag-V (Silver-Vanadium)
	Ag-W (Silver-Tungsten)
	Ag-Xe (Silver-Xenon)
	Ag-Y (Silver-Yttrium)
	Ag-Yb (Silver-Ytterbium)
	Ag-Zn (Silver-Zinc)
	Ag-Zr (Silver-Zirconium)

	Aluminum Binary Systems Al-Au...Al-Zr
	Al-Au (Aluminum-Gold)
	Al-B (Aluminum-Boron)
	Al-Ba (Aluminum-Barium)
	Al-C (Aluminum-Carbon)
	Al-Ca (Aluminum-Calcium)
	Al-Ce (Aluminum-Cerium)
	Al-Co (Aluminum-Cobalt)
	Al-Cr (Aluminum-Chromium)
	Al-Cs (Aluminum-Cesium)
	Al-Cu (Aluminum-Copper)
	Al-Eu (Aluminum-Europium)
	Al-Fe (Aluminum-Iron)
	Al-Ga (Aluminum-Gallium)
	Al-Gd (Aluminum-Gadolinium)
	Al-Ge (Aluminum-Germanium)
	Al-H (Aluminum-Hydrogen)
	Al-Hf (Aluminum-Hafnium)
	Al-In (Aluminum-Indium)
	Al-Ir (Aluminum-Iridium)
	Al-La (Aluminum-Lanthanum)
	Al-Li (Aluminum-Lithium)
	Al-Lu (Aluminum-Lutetium)
	Al-Mg (Aluminum-Magnesium)
	Al-Mn (Aluminum-Manganese)
	Al-Mo (Aluminum-Molybdenum)
	Al-Nb (Aluminum-Niobium)
	Al-Nd (Aluminum-Neodymium)
	Al-Ni (Aluminum-Nickel)
	Al-O (Aluminum-Oxygen)
	Al-Os (Aluminum-Osmium)
	Al-Pb (Aluminum-Lead)
	Al-Pd (Aluminum-Palladium)
	Al-Pm (Aluminum-Promethium)
	Al-Pr (Aluminum-Praseodymium)
	Al-Pt (Aluminum-Platinum)
	Al-Rb (Aluminum-Rubidium)
	Al-Re (Aluminum-Rhenium)
	Al-Rh (Aluminum-Rhodium)
	Al-Ru (Aluminum-Ruthenium)
	Al-S (Aluminum-Sulphur)
	Al-Sb (Aluminum-Antimony)
	Al-Sc (Aluminum-Scandium)
	Al-Se (Aluminum-Selenium)
	Al-Si (Aluminum-Silicon)
	Al-Sm (Aluminum-Samarium)
	Al-Sn (Aluminum-Tin)
	Al-Sr (Aluminum-Strontium)
	Al-Ta (Aluminum-Tantalum)
	Al-Tb (Aluminum-Terbium)
	Al-Tc (Aluminum-Technetium)
	Al-Te (Aluminum-Tellurium)
	Al-Ti (Aluminum-Titanium)
	Al-Tl (Aluminum-Thallium)
	Al-Tm (Aluminum-Thulium)
	Al-U (Aluminum-Uranium)
	Al-V (Aluminum-Vanadium)
	Al-W (Aluminum-Tungsten)
	Al-Y (Aluminum-Yttrium)
	Al-Yb (Aluminum-Ytterbium)
	Al-Zn (Aluminum-Zinc)
	Al-Zr (Aluminum-Zirconium)

	Americium Binary Systems Am-As...Am-U
	Am-As (Americium-Arsenic)
	Am-Be (Americium-Beryllium)
	Am-Bi (Americium-Bismuth)
	Am-Cu (Americium-Copper)
	Am-H (Americium-Hydrogen)
	Am-Hg (Americium-Mercury)
	Am-N (Americium-Nitrogen)
	Am-Np (Americium-Neptunium)
	Am-O (Americium-Oxygen)
	Am-P (Americium-Phosphorus)
	Am-Pd (Americium-Palladium)
	Am-Pt (Americium-Platinum)
	Am-Pu (Americium-Plutonium)
	Am-S (Americium-Sulfur)
	Am-Sb (Americium-Antimony)
	Am-Te (Americium-Tellurium)
	Am-U (Americium-Uranium)

	Argon Binary Systems Ar-Au...Ar-Mg
	Ar-Au (Argon-Gold)
	Ar-Be (Argon-Beryllium)
	Ar-Mg (Argon-Magnesium)

	Arsenic Binary Systems As-B...As-Zr
	As-B (Arsenic-Boron)
	As-Ba (Arsenic-Barium)
	As-Bk (Arsenic-Berkelium)
	As-Ca (Arsenic-Calcium)
	As-Cd (Arsenic-Cadmium)
	As-Cf (Arsenic-Californium)
	As-Cm (Arsenic-Curium)
	As-Co (Arsenic-Cobalt)
	As-Cr (Arsenic-Chromium)
	As-Cs (Arsenic-Cesium)
	As-Cu (Arsenic-Copper)
	As-Dy (Arsenic-Dysprosium)
	As-Er (Arsenic-Erbium)
	As-Eu (Arsenic-Europium)
	As-Fe (Arsenic-Iron)
	As-Ga (Arsenic-Gallium)
	As-Gd (Arsenic-Gadolinium)
	As-Ge (Arsenic-Germanium)
	As-Hf (Arsenic-Hafnium)
	As-Hg (Arsenic-Mercury)
	As-Ho (Arsenic-Holmium)
	As-In (Arsenic-Indium)
	As-Ir (Arsenic-Iridium)
	As-K (Arsenic-Potassium)
	As-Li (Arsenic-Lithium)
	As-Lu (Arsenic-Lutetium)
	As-Mn (Arsenic-Manganese)
	As-Na (Arsenic-Sodium)
	As-Np (Arsenic-Neptunium)
	As-O (Arsenic-Oxygen)
	As-Os (Arsenic-Osmium)
	As-P (Arsenic-Phosphorus)
	As-Pb (Arsenic-Lead)
	As-Pd (Arsenic-Palladium)
	As-Pt (Arsenic-Platinum)
	As-Rb (Arsenic-Rubidium)
	As-S (Arsenic-Sulfur)
	As-Sc (Arsenic-Scandium)
	As-Se (Arsenic-Selenium)
	As-Si (Arsenic-Silicon)
	As-Sm (Arsenic-Samarium)
	As-Sn (Arsenic-Tin)
	As-Sr (Arsenic-Strontium)
	As-Tb (Arsenic-Terbium)
	As-Tc (Arsenic-Technetium)
	As-Te (Arsenic-Tellurium)
	As-Th (Arsenic-Thorium)
	As-Ti (Arsenic-Titanium)
	As-Tm (Arsenic-Thulium)
	As-V (Arsenic-Vanadium)
	As-Yb (Arsenic-Ytterbium)
	As-Zn (Arsenic-Zinc)
	As-Zr (Arsenic-Zirconium)

	Astatine Binary Systems At-Au...At-Mo
	At-Au (Astatine-Gold)
	At-Hg (Astatine-Mercury)
	At-Mo (Astatine-Molybdenum)

	Gold Binary Systems Au-B...Au-Zr
	Au-B (Gold-Boron)
	Au-Ba (Gold-Barium)
	Au-Be (Gold-Beryllium)
	Au-Ca (Gold-Calcium)
	Au-Ce (Gold-Cerium)
	Au-Er (Gold-Erbium)
	Au-F (Gold-Fluorine)
	Au-Fr (Gold-Francium)
	Au-Ga (Gold-Gallium)
	Au-Gd (Gold-Gadolinium)
	Au-Ge (Gold-Germanium)
	Au-Hf (Gold-Hafnium)
	Au-Hg (Gold-Mercury)
	Au-Ho (Gold-Holmium)
	Au-I (Gold-Iodine)
	Au-In (Gold-Indium)
	Au-K (Gold-Potassium)
	Au-Kr (Gold-Krypton)
	Au-La (Gold-Lanthanum)
	Au-Lu (Gold-Lutetium)
	Au-Na (Gold-Sodium)
	Au-Nb (Gold-Niobium)
	Au-Nd (Gold-Neodymium)
	Au-Ni (Gold-Nickel)
	Au-O (Gold-Oxygen)
	Au-Pb (Gold-Lead)
	Au-Pm (Gold-Prometium)
	Au-Po (Gold-Polonium)
	Au-Pr (Gold-Praseodymium)
	Au-Pt (Gold-Platinum)
	Au-Ra (Gold-Radium)
	Au-Rb (Gold-Rubidium)
	Au-Rn (Gold-Radon)
	Au-Sb (Gold-Antimony)
	Au-Sc (Gold-Scandium)
	Au-Si (Gold-Silicon)
	Au-Sn (Gold-Tin)
	Au-Ta (Gold-Tantalum)
	Au-Tb (Gold-Terbium)
	Au-Te (Gold-Tellurium)
	Au-Ti (Gold-Titanium)
	Au-Tm (Gold-Thulium)
	Au-V (Gold-Vanadium)
	Au-Xe (Gold-Xenon)
	Au-Y (Gold-Yttrium)
	Au-Zn (Gold-Zinc)
	Au-Zr (Gold-Zirconium)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /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 /LeaveColorUnchanged
  /DoThumbnails false
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 [2834.646 2834.646]
>> setpagedevice


