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Abstract Nickel presents a magnetic transition ferro-
magnetic/paramagnetic with a variation of temperature;
this transition is classified as a second order transition
using the Ehrenfest criteria. The end of this transition is
characterized by a point called Curie point. This tempera-
ture is used for the calibration of thermogravimetric
apparatus. As the Curie temperature is not a fixed point, no
scientific authority has decided what the temperature of this
point is. As different values are proposed in the literature, it
appeared that it was necessary to further explore mea-
surement of this point.

Keywords Nickel - Curie temperature -
Thermogravimetry

Introduction

In 1832, Pouillet found that for some substances like
nickel, iron and cobalt, a limit existed for the temperature
involving the magnetism. In 1895 Curie explained this
phenomenon. It is a transition from ferromagnetic to
paramagnetic. A consequence of this transition is the var-
iation of the C, versus that of the temperature, which
presents a maximum; this maximum is called the Curie
point. This kind of transition has been classified by Eh-
renfest as a second order transition because the second
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derivative of the Gibbs function G = f(T) presents a dis-
continuity. The shape of the curve C, = f(T), recalls the
Greek letter A, for this reason this curve is sometimes
called ‘lambda curve’. The calculated curve using SGTE
unary system data base is presented in Fig. 1.

This property is used in thermal analysis for the cali-
bration in temperature of thermogravimetric analysis
apparatus (TG) (T.A. Instrument. Thermal Application
Note TN-24); in these conditions, it is absolutely necessary
to know with absolute precision the Curie temperature of
the selected elements or alloy used for the calibration
(Fig. 2).

About nickel, we found in the literature that the tem-
perature of Curie was between 353 and 360 °C. It is the
reason why we decided to perform a determination of this
temperature.

Historical information

Pouillet in 1832 proposed a Curie temperature for Ni of
358 °C. This value has been confirmed by Neel [1]. In
1966, Keffer [2] in his handbook of Physics proposed a
temperature of 354 °C. The same year, Kubaschewski et al.
[3], in ‘Metallurgical thermochemistry’ proposed a tem-
perature of 357 °C. In 1973 Hultgen et al. [4], in ‘Ther-
modynamic Selected Properties of Inorganic Substances’,
selected a value of 358 °C. The same year, Barin and
Knacke [5] in ‘Thermochemical Properties of Inorganic
Substances’ selected the value of 357 °C, but in the edition
of 1977, Barin et al. [6] selected a value of 358 °C,
agreeing with the selected value of Hultgren. In 1989, in a
report for NPL (DMA (A) 195), by Dinsdale [7], the
selected value is 360 °C. This value is actually the one
which is selected by SGTE (Scientific Group Thermodata
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Fig. 2 TG: m = f(7) for Ni (with a magnet)

Europe). In 1992, in ASM Handbook Vol 3 Alloy Phase
Diagram edited by Backer et al. [8], in the appendix 4.9
(Magnetic transition temperature of the elements) the
selected temperature is 354.2 °C. In 1993, in the 6th edi-
tion of Materials Thermochemistry by Kubaschewski et al.
[9] the selected value is 358 °C.

Experimental information

A sample of Ni, provided by TA Instrument, with a purity of
99.99% (mol), as been used for the experiments. The Curie
transition is given by TA Instrument at 358.28 °C £ 0.35.

We performed our experiment by DSC (TA Q1000).
Calibration has been performed with pure metals (5 N) In,
Sn and Pb.

@ Springer

The results are as follows

Tius/°C Tyu/°C AwcHAg™ A Hlg™
measured recommended measured recommended
by [10] by [11]
In 156.56 156.5985 28.57 28.62
Sn 232.01 231.928 57.71 60.38
Pb 327.55 327.462 22.07 23.08
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Fig. 3 DSC Hf = f(T) for Pb

A verification of the calibration of the apparatus has
been performed with the melting points of pure lead (5 N),
because it is the nearest point of the Curie temperature of
Ni. The recommended value of the temperature of fusion of
lead is extracted from a technical report of ITUPAC [10],
this value is Ty, = 327.462 °C.

With a view to knowing the standard deviation of the
apparatus, the melting point of a sample of lead of a mass
of 7.12 mg was measured ten times with a heating rate of
10 °C/min (Fig. 3). Measurements have been performed
under nitrogen atmosphere (U quality) provided by Messer
Company.

The containers used are in aluminium alloy (with holes).

The average value is Ty,s = 327.49 °C with a standard
deviation ¢ = 0.02, the correction AT is of 0.03 °C.

Curie temperature of Ni has also been measured ten
times in the same experimental conditions (Fig. 4).

The average value measured is: 7, = 358.31 °C with a
standard deviation ¢ = 0.04, with the correction, the
Curie temperature is 7, = 358.28 °C and ¢ = 0.04. As
we can see, this measured temperature is in a perfect
agreement with the one given by TA Instrument
(358.28 £ 0.35 °C).
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DSC standard cell RC|
a b T, Ni/ T.°C ATIPC
°C Xn = 0.9999
0.30
- Co  —760 1121 361 361.076 0.08
g Cu  1177.41 ~823.0009 3544 354.2823 —0.12
E Fe —11285 1482.8 3543 354.4129 0.11
3 Ge 3200 —2840 360 359.68 ~032
= Mn  214.444 138.5556 353  352.9786 ~0.02
Pd 442.875 _88.575 3543 3542557 —0.04
Pt 357.5342 34657 361 360.9642 —0.04
02%5(‘).00 352.50 355.00 357.50 360.00 362.50 365.00 367.50 370‘.00 Sb 1875 1925 380 3799813 _002
7°C Tl 313131 239.6869 361  360.9969 ~0.003
] , v 166.6667 1933333 360  359.9833 ~0.02
Fig. 4 DSC Hf = f(7) measurement of Ni W 5461538  —510654 355  354.4538 ~0.55
Discussion Zn 1864211 —151001 3542 3540136 ~0.19

The purity is an important factor for the determination of
the precise Curie temperature. As this kind of transition
(second order) is not associated with an enthalpy of
transition, it is not possible in these conditions to use the
Vant’ Hoff law. A survey of the binary phase diagram
shows that there is not a lot of information concerning
the variation of the Curie points versus that of the
composition.

We used the compilation of Massalski [11] (Binary
Alloy Phase Diagrams A.S.M. 1990). As we can see, only
12 binaries present information on the Curie temperature,
and the authors have not the same Curie temperature value
for Ni. When in a binary, Curie temperature is represented
versus that of the composition; it is possible to make an
approximation. We considered that the variation is linear
and it is then possible to calculate the influence of the
impurities on the behaviour of the Curie temperature. For
some elements this temperature increases, for other it
decreases.

T. = aX + b

X is the molar fraction of Ni.

The calculations have been performed for impurities of
0.01 mol% and are presented in the following table. AT is
the variation of Curie temperature between pure Ni (used
by the author of the binary phase diagram) and an alloy of
Ni.

We can observe that this variation is very low, and
comparable with the standard deviation of the measure-
ment realized by DSC.

Conclusions

A precise Curie temperature of nickel depends of the nature
of impurities. With a view to using this property for the

calibration of TG instruments, the purity of the standard
must be at least of 99.99 mol%, and the recommended
value is T, = 358.28 °C + 0.04.

Acknowledgments The authors are grateful to Alan Dinsdale of
NPL for proving the calculated curve C, = (7).

References

1. Neel L. Propriétés magnétiques du nickel pur a proximité du point
de Curie. J Phys Rad 1933. doi:10.1051/:019350060102700.

2. Keffer F. Handbook of Physics. Berlin: Springer Verlag; 1966.

3. Kubaschewski O, Evans E. Metallurgical thermochemistry.
Oxford: Pergamon Press; 1967.

4. Hultgen R, Desai PD, Hawkins DT, Gleiser M, Kelley KK, Wagman
DD. Selected values of the thermodynamic properties of the ele-
ments. Materials Park: ASM (American Society for Materials); 1973.

5. BarinI, Knacke O. Thermodynamic chemical properties of inorganic
substances. Berlin, Heidelberg, New York: Springer-Verlag; 1973.

6. Barin I, Knacke O, Kubaschewski O. Thermodynamic chemical
properties of inorganic substances. Berlin, Heidelberg, New
York: Springer-Verlag; 1977.

7. Dinsdale AT (1989) Report: NPL (DMA (A) 195).

8. Backer H. ASM handbook vol 3 alloy phase diagram, in the
appendix 4.9, Magnetic transition temperature of the elements.
Materials Park: ASM International; 1992.

9. Kubaschewski O, Alcock CB, Spencer PJ. Materials thermo-
chemistry. 6th ed. Oxford: Pergamon; 1993. p. 298.

10. Della Gatta G, Richardson MJ, Sarge SM, Stolen S. Standards,
calibration, and guidelines in microcalorimetry part 2. Calibration
standards for differential scanning calorimetry (IUPAC technical
report). Pure Appl Chem. 2006;78(7):1455-76.

11. Massalski TB. Binary alloy phase diagrams. Materials Park:
ASM (American Society for Materials); 1990.

@ Springer


http://dx.doi.org/10.1051/:019350060102700

	Curie temperature of nickel
	Abstract
	Introduction
	Historical information
	Experimental information
	Discussion
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


