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Gd – Zr (Gadolinium – Zirconium)

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
800

1000

1200

1400

1600

1800

2000

2200

Gd Zrx Zr

T
  /

  K

liquid

hcp′

bcc′ bcc″

hcp″

Fig. 1. Calculated phase diagram for the system Gd-Zr.

The interest in the Gd-Zr system is related to ternary and higher systems, e.g.. with iron, where intermetallic
compounds with interesting magnetic properties are found. The presence of Zr enables also the formation
of metallic glasses. The phase diagram of the Gd-Zr systems is of eutectic type with no intermetallic
phases and limited mutual solubility in the terminal phases. The phase diagram has been investigated by
Copeland and co-workers [1961Cop, 1964Cop]. No investigations of the thermodynamic mixing proper-
ties are known. Based on these limited data, a thermodynamic dataset for Gd-Zr has been optimised by
[2001Zin].

Table I. Phases, structures and models.

Phase Struktur- Prototype Pearson Space SGTE Model
bericht symbol group name

liquid LIQUID (Gd,Zr)1
bcc A2 W cI2 Im3m BCC A2 (Gd,Zr)1
hcp A3 Mg hP2 P63/mmc HCP A3 (Gd,Zr)1

Table II. Invariant reactions.

Reaction Type T / K Compositions / xZr ∆rH / (J/mol)

bcc′ ⇀↽ hcp′ + liquid metatectic 1488.5 0.030 0.025 0.108 −3894
liquid ⇀↽ hcp′ + bcc′′ eutectic 1485.6 0.114 0.026 0.930 −15380
hcp′ + bcc′′ ⇀↽ hcp′′ peritectoid 1162.4 0.019 0.984 0.974 −4346
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Table IIIa. Integral quantities for the liquid phase at 2200 K.

xZr ∆Gm ∆Hm ∆Sm GE
m SE

m ∆CP

[J/mol] [J/mol] [J/(mol·K)] [J/mol] [J/(mol·K)] [J/(mol·K)]

0.000 0 0 0.000 0 0.000 0.000
0.100 −3302 2265 2.531 2644 −0.172 0.000
0.200 −4695 3785 3.855 4458 −0.306 0.000
0.300 −5641 4649 4.677 5533 −0.402 0.000
0.400 −6352 4949 5.137 5959 −0.459 0.000
0.500 −6851 4777 5.285 5828 −0.478 0.000
0.600 −7079 4222 5.137 5231 −0.459 0.000
0.700 −6915 3376 4.677 4259 −0.402 0.000
0.800 −6151 2329 3.855 3002 −0.306 0.000
0.900 −4394 1174 2.531 1552 −0.172 0.000
1.000 0 0 0.000 0 0.000 0.000

Reference states: Gd(liquid), Zr(liquid)

Table IIIb. Partial quantities for Gd in the liquid phase at 2200 K.

xGd ∆GGd ∆HGd ∆SGd GE
Gd SE

Gd aGd γGd

[J/mol] [J/mol] [J/(mol·K)] [J/mol] [J/(mol·K)]

1.000 0 0 0.000 0 0.000 1.000 1.000
0.900 −1497 388 0.857 430 −0.019 0.921 1.024
0.800 −2482 1431 1.779 1600 −0.076 0.873 1.091
0.700 −3198 2948 2.793 3326 −0.172 0.840 1.199
0.600 −3916 4755 3.941 5428 −0.306 0.807 1.345
0.500 −4955 6672 5.285 7724 −0.478 0.763 1.525
0.400 −6730 8516 6.930 10030 −0.688 0.692 1.730
0.300 −9856 10105 9.073 12167 −0.937 0.583 1.945
0.200 −15490 11258 12.158 13950 −1.224 0.429 2.144
0.100 −26919 11792 17.596 15199 −1.549 0.230 2.295
0.000 −∞ 11525 ∞ 15732 −1.912 0.000 2.363

Reference state: Gd(liquid)

Table IIIc. Partial quantities for Zr in the liquid phase at 2200 K.

xZr ∆GZr ∆HZr ∆SZr GE
Zr SE

Zr aZr γZr

[J/mol] [J/mol] [J/(mol·K)] [J/mol] [J/(mol·K)]

0.000 −∞ 26688 ∞ 30895 −1.912 0.000 5.414
0.100 −19550 19161 17.596 22568 −1.549 0.343 3.434
0.200 −13549 13199 12.158 15891 −1.224 0.477 2.384
0.300 −11342 8619 9.073 10681 −0.937 0.538 1.793
0.400 −10006 5241 6.930 6755 −0.688 0.579 1.447
0.500 −8746 2881 5.285 3933 −0.478 0.620 1.240
0.600 −7312 1359 3.941 2032 −0.306 0.670 1.117
0.700 −5654 491 2.793 870 −0.172 0.734 1.049
0.800 −3816 97 1.779 265 −0.076 0.812 1.015
0.900 −1891 −6 0.857 36 −0.019 0.902 1.002
1.000 0 0 0.000 0 0.000 1.000 1.000

Reference state: Zr(liquid)
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Fig. 2. Integral quantities of the liquid phase at
T=2200 K.
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Fig. 3. Activities in the liquid phase at T=2200 K.

References

[1961Cop] M. Copeland, G. Kato, in: “Rare Earth Research”, J.F. Nachman, C.E. Lundin (eds.),
Plenum Press, New York, 1961, p 133.

[1964Cop] M. Copeland, H. Kato, in: “Physics and Material Problems of Reactor Control Rods”,
IAEA, Vienna, 1964, 295–317.

[2001Zin] M. Zinkevich, N. Mattern, H.J. Seifert: J. Phase Equilibria 22 (2001) 43–50.

Landolt-Börnstein
New Series IV/19B

SGTE


	PREVIOUS DOCUMENT
	NEXT DOCUMENT
	 
	LB-Home
	Book Front Matter
	Title Page
	Authors
	Member organizations of SGTE
	Dedication
	Preface
	Contents
	Survey Vol. IV/19

	Introduction
	Assessment and selection procedures
	Thermodynamic modelling
	Description of the tables and diagrams
	Description of the software
	References

	Index of binary systems (Vol. IV/19B5)
	Binary systems (alphabetically ordered)
	Ag systems
	Ag-B
	Ag-Ba
	Ag-Be
	Ag-C
	Ag-Ca
	Ag-Cd
	Ag-Ce
	Ag-Cr
	Ag-Cu
	Ag-Fe
	Ag-Mo
	Ag-Nb
	Ag-O
	Ag-Te
	Ag-V
	Ag-W

	Al systems
	Al-Be
	Al-Dy
	Al-Gd
	Al-Ho
	Al-Ru
	Al-Sc
	Al-Sn
	Al-Sr

	Au systems
	Au-B
	Au-Co
	Au-Hf
	Au-Ni
	Au-Pb
	Au-Ti
	Au-Zr

	B systems
	B-Zr

	Ba systems
	Ba-Ru

	Bi systems
	Bi-Pd

	C systems
	C-Ir
	C-Os
	C-Pd
	C-Pt
	C-Rh
	C-Ru
	C-Zn

	Ca systems
	Ca-Li
	Ca-Ru

	Cd systems
	Cd-Y

	Ce systems
	Ce-Ni

	Co systems
	Co-Gd
	Co-Ge
	Co-O
	Co-Pd
	Co-Y
	Co-Zn

	Cr systems
	Cr-Ru

	Cu systems
	Cu-Ir

	Dy systems
	Dy-Mg

	Eu systems
	Eu-Pd
	Eu-Sn

	Fe systems
	Fe-Ru
	Fe-Sb

	Ga systems
	Ga-Mg
	Ga-Si
	Ga-Ti

	Gd systems
	Gd-Li
	Gd-Mg
	Gd-Mn
	Gd-Mo
	Gd-Zr

	Hf systems
	Hf-Mo
	Hf-Nb
	Hf-Ni
	Hf-W

	Hg systems
	Hg-Sn
	Hg-Te
	Hg-Zn

	Ho systems
	Ho-Mg

	In systems
	In-La
	In-Pd

	Ir systems
	Ir-Ni
	Ir-Pt
	Ir-Rh
	Ir-Ru
	Ir-Zr

	La systems
	La-Mg

	Li systems
	Li-N
	Li-Na
	Li-Sn

	Mg systems
	Mg-Tm
	Mg-Yb

	Mn systems
	Mn-Sc

	Mo systems
	Mo-V
	Mo-Zr

	N systems
	N-Si

	Nb systems
	Nb-Ta

	Ni systems
	Ni-Pb
	Ni-Ru
	Ni-Zn

	Os systems
	Os-Si

	Pd systems
	Pd-Rh
	Pd-Sm
	Pd-Tb

	Ru systems
	Ru-Si
	Ru-Zr

	Sn systems
	Sn-V

	V systems
	V-W

	W systems
	W-Zr




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /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 0.15
    /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 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 [2834.646 2834.646]
>> setpagedevice


