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2.4　熱物性データセットの収録
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2.7　熱物性データベースのまとめ
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4.5.1　容器法における熱拡散率計測
Blumm 94

2 %

5 %

Shibata 95

601

Shibata

4.5.2　容器法における熱伝導率計測

96 97

4.5.3　容器法における粘性係数計測
Sato 98 99

6

6

Sato

(19)

Rhim 6 10 %

3 % Ishikawa

20 %

5 % 93

4.4.2b　静電浮遊法の定圧比熱容量と放射率の比の計測

21

 (21)

dt
dTm

TTAMc eSB

HT

p )( 44 −
−=

σ
ε

cp m σSB

Te M A
εHT

T

1

2

4.5　容器法

DSC



169   Vol. 7, No. 3 2009 3

熱物性データベースおよび高温融体熱物性の計測技術に関する調査研究

1
100 102

5.　総括

NIST TRC

3

謝辞

 

 

Sato

4.6　高温融体熱物性計測のまとめ

2

1

2

He-Ne

図6



170AIST Bulletin of Metrology   Vol. 7, No. 3 March   2009

山下雄一郎

20  A.Ono, T.Baba, K.Fujii: Traceable measurements and 

data of thermophysical properties for solid materials: a 

review, Meas. Sci. Tech. 12(2001)2023-2030

21  

18(2004)136-142

22  

AIST 

Today 2(2002)16

23   

AIST Today 7(2007) 

18-19

24  http://jstp.

mech.nagasaki-u.ac.jp/TPDS-web/

25  K.Maize et al.:High Speed Transient Thermal 

Characterization and Simulation of Integrated Circuits, 

Proc. of e-Therm 2008, Tsukuba, 2008

26  

II.

 

12(2001)13-20

27  ThermoData Engine, http://trc.nist.gov/tde.html

28  DETHERM, http://www.dechema.de/en/detherm.html

29  DDBST, http://www.dortmunddatabank.com/new/

Default.htm

30  ASPEN Plus, http://www.aspentech.co.jp/product/pdf/

AspenPlus.pdf

31   http://www.

rs.kagu.tus.ac.jp/ohelabo/index.html

32  PROPATH, http://gibbs.mech.kyushu-u.ac.jp/propath/

33  MALT for Windows, http://www.kagaku.com/malt/

product_jp.html

34  Granta-CES EduPack, http://www.grantadesign.com/

education/index.htm

35  K.Belay et al. :  The thermal conductivity of 

polycrystalline diamond films: Effects of isotope content, J. 

Appl. Phys., 79(1996)8336-8340

36  NIST Structural Ceramics Database, http://www.

ceramics.nist.gov/srd/scd/scdquery.htm

37  R.G.Munro: Data Evaluation Theory and Practice for 

Materials Properties, NIST recommended Practice guide 

SP960-11(2003)

38  R.G.Munro:Material Properties of Sintered M-SiC, 

J.Phys.Chem.Ref. Data 26(1997)1195-1203

39  M.Frenkel et al.:XML-based IUPAC standard for 

experimental, predicted, and critically evaluated 

参考文献

1  P.Becker et al.: Considerations on future redefinitions of 

the kilogram, the mole and of other units, Metrologia 

44(2007)1-14

2  I.M.Mills et al.: Redefinition of the kilogram, ampere, 

kelvin and mole: a proposed approach to implementing 

CIPM recommendation 1 (CI-2005), Metrologia 

43(2006)227-246

3   12(1998)20-30

4  D.R.Lide :CRC Handbook o f  Chemistr y  and 

Physics(CRC Press, 2007)88th ed.

5  C.L.Yaws:Chemical Properties Handbook(McGraw-Hill 

Handbooks, 1998)

6  V.Vill: Landolt-Börnstein Numerical Data and Functional 

Relationships in Science and Technology (Springer-Verlag, 

Berling, 1997)

7  2008

8  Y. S.Touloukian and E. H Buyco:Thermophysical 

properties of matter the TPRC data series(Plenum, New 

York, 1970)

9  

1990

10  

2008

11  Thermophysical Properties of Matter Database, https://

cindasdata.com/

12  Granta-Material Intelligence, http://www.grantadesign.

com/JP/

13  JST

FACTrio  

14(2000)120-130

14  http://riodb.ibase.aist.

go.jp/TPDB/DBGVsupport/

15  (1)  14(2000)101-

151

16  (2)  14(2000)203-

232

17  T.Arai, T.Baba, A.Ono:Proceedings of the 1st Asian 

Thermophysical Properties Conference, (1986)259-264

18  T.Arai, T.Baba, A.Ono:Thermal conductivity database for 

solid materials, High Temp.-High Press. 21(1988)61-68

19  

 12(1998)152-169



171   Vol. 7, No. 3 2009 3

熱物性データベースおよび高温融体熱物性の計測技術に関する調査研究

Measurement of Single Crystal Silicon with an 

Interferometric Dilatometer, Thermal Conductivity 24/

Thermal Expansion 12(1996)336-343

59  M.Takenaka, R.Masui: Measurement of the Thermal 

Expansion of Pure Water in the Temperature Range 0

-85 , Metrologia 27(1990)165-171

60  H.Watanabe:Thermal Dilatation of Water between 0  

-44 , Metrologia, 28(1991)33-43

61  R.Masui, K.Fujii, M.Takenaka,:Determination of the 

absolute density of water at 16  and 0,101325MPa, 

Metrologia 32(1995/96)333-362

62  J.B.Patterson, E.C.Morris:Measurement of Absolute 

Water Density, 1  to 40 , Metrologia 31(1994)277-288

63  Revised Release on the IAPS Formulation 1985 for the 

Thermal Conductivity of Ordinary Water Substance, http://

www.iapws.org/relguide/thcond.pdf  (2008)

64  Release on the IAPWS Formulation 2008 for the 

Viscosity of Ordinary Water Substance, http://www.iapws.

org/relguide/visc.pdf (2008)

65  Y.Nagasaka et al.:Absolute measurements of the thermal 

conductivity of aqueous NaCl solutions at pressures up to 

40 MPa, Ber. Bunsenges. Phys. Chem. 87(1983)859-866

66  M.J.Assael et al.:Absolute measurement of the thermal 

conductivity of electrically conducting liquids, Ber. 

Bunsenges. Phys. Chem. 92(1988)627-631

67  W.A.Wakeham and M.Zalaf:The thermal conductivity of 

electrically-conducting liquids at high pressures, Physica 

B+C, 139(1986)105-108

68  M.Dix, W.A.Wakeham and Z.Zalaf:Thermal conductivity 

of liquid water at high pressures, Thermal Conductivity, 

20(1998)185-192

69  M.L.V.Ramires et al.:The thermal conductivity of 

toluene and water, Int. J. Thermophys. 14(1993)1119-1130

70  T.Iida and R.I.L.Guthrie:The Physical Properties of 

Liquid Metals (Oxford Science Publications, 1993)

71  

2003

72  B.Basu et al.:Three-dimensional simulation of flow and 

thermal field in a Czochralski melt using a block-

structured finite-volume method, J. Crystal Growth. 219 

(2000)123-143

73  K.Kakimoto and L.Liu:Patly three-dimensional 

calculation of silicon Czochralski growth with transverse 

magnetic field, J. Crystal Growth, 303 (2007)135-140

74  ProCAST, http://www.esi.co.jp/products/procast/procast.

thermodynamic property data storage and capture 

(ThermoML), Pure Appl.Chem. 78(2006)541-612

40  Guided Data Capture, http://trc.nist.gov/GDC.html

41  http://www.e-materials.

net/network/WMRIF/modules/about_forum/

42  

https://mits.nims.go.jp/

43  MatWeb, http://www.matweb.com/index.aspx

44  Metals Bank, http://metalsbank.com/mb/

45  http://pvmdb.nims.go.jp/

index_jp.html

46  

Proc. 29th Japan Symposium on Thermophysical 

Properties, Tokyo, 2008

47  P. J . M o h r,  B . N . Ta y l e r,  D . B . N e w e l l : C O DATA 

recommended values of the fundamental physical 

constants:2006, Rev. Mod. Phys. 80(2008)633-730

48  H.P.-Thomas:The International Temperature Scale of 

1990 (ITS-90), Metrologia 27(1990)3-10

49  W. Wagner and A. Pruss: The IAPWS Formulation 1995 

for the Thermodynamic Properties of Ordinary Water for 

General and Scientific Use, J. Phys. Chem. Ref. Data 

31(2002)387-535

50  G.K.White, M.L.Minges:Thermophysical Properties of 

Some Key Solids, CODATA Bulletin 59(1985)13-19

51  G.K.White, M.L.Minges:Thermophysical properties of 

some key solids: An update, Int. J. Thermophys. 

18(1997)1269-1327

52  M.Tanaka et al.:Recommended table for the density of 

water between 0  and 40  based on recent experimental 

reports, Metrologia 38(2001)301-309

53  M.L.Ramires et al.:Standard Reference Data for 

Thermal Conductivity of Water, J. Phys. Chem. Ref. Data 

15(1995)1377-1381

54  C.A.N. Castro et al.: Standard Reference Data for the 

Thermal Conductivity of Liquids, J. Phys. Chem. Ref. Data, 

15(1986)1073-1086

55  F.J.V.Santos et al.:Standard Reference Data for the 

Viscosity of Toluene, J. Phys. Chem. Ref. Data 35(2006)1-8

56  M.J.Assael et al.:Reference Data for the Density and 

Viscosity of Liquid Aluminum and Liquid Iron, J. Phys. 

Chem. Ref. Data 35(2006)285-300

57  International alcoholometric tables, http://www.oiml.org/

publications/R/R022-e75.pdf (OIML, 1975)

58  M.Okaji, N.Yamada:Precise Thermal Expansion 



172AIST Bulletin of Metrology   Vol. 7, No. 3 March   2009

山下雄一郎

Sample Rotation on Surface Tension Measurement for 

molten Si using Oscillating Droplet Method, Proc. 28th 

Japan Symposium on Thermophysical Properties, Sapporo, 

2007

91  T.Ishikawa et al.: Non-contact thermophysical property 

measurements of refractory metals using an electrostatic 

levitator, Meas. Sci. Technol. 16(2005)443-451

92  W.K.Rhim et al.:Noncontact technique for measuring 

surface tension and viscosity of molten materials using 

high temperature electrostatic levitation, Rev. Sci. 

Instrum. 70(1999)2796-2801

93  T.Ishikawa et al.:Noncontact surface tension and 

viscosity measurements of rhenium in the liquid and 

undercooled states, Appl. Phys. Lett. 85(2004)5866-5868

94  J.Blumm, A.Lindemann, S.Min:Thermal characterization 

of liquid and pastes using the flash technique, Thermo. 

Acta. 445(2007)26-29

95  H.Shibata et al.:A novel laser flash method for 

measuring thermal diffusivity of molten metals, J. Non-

Crys. Solid 31-314(2002)172-176

96  J.Bilek, J.Atkinson, W.Wakeham:Measurements of the 

Thermal Conductivity of Molten Lead using a New 

Transient Hot-Wire Sensor, Int. J. Thermophys. 

28(2007)496-505

97  E.Yamasue et al.:Thermal conductivities of silicon and 

germanium in solid and liquid states measured by non-

stationary hot wire method with silica coated probe, J. 

Crystal Growth, 234(2002)121-131

98  Y.Sato et al.: Viscosity of molten silicon and the factors 

a f f e c t i n g  m e a s u re m e n t ,  J .  C r y s t a l  G ro w t h , 

249(2003)404-415

99  

Proc. 28th Japan 

Symposium on Thermophysical Properties, Sapporo, 2007

100  H. Watanabe, T. Matsumoto:New analysis for 

determination of hemispherical total emissivity by 

feedback-controlled pulse-heating technique, Rev. Sci Inst. 

76(2005)043904

101  H. Watanabe:Novel pulse calorimetry taking nonuniform 

temperature distribution into account, Rev. Sci. Inst. 

77(2006)036110

102  H. Watanabe, T. Baba:Electrical-optical hybrid pulse-

heating method for rapid measurement of high-

temperature thermal diffusivity, Appl. Phys. Lett. 

88(2006)24190

html

75  Conifer Cast, http://www.easysimulation.com/web/html/

conifercast_en.htm

76  JSCAST, http://www.qualica.co.jp/products/manufact/

jscast/index.html

77  https://inaba.nims.

go.jp/Weld/heat_jp.html

78  ASU/WELD, http://www.astom.co.jp/products/weld.html

79  PAM-ASSEMBLY, http://www.esi.co.jp/products/pam_

assembly_2g/pam_assembly_2g.html

80  Mukai et al.:Effect of the Oxygen Partial Pressure on 

the Surface Tension of Molten Slilicon and Its Temperture 

Coefficient, ISIJ International 40 (2000)S148-S152

81  Inatomi et al.:Density and Thermal Conductivity 

Measurements for Silicon Melt by Electromagnetic 

Levitation under a Static Magnetic Field, Int. J. 

Thermophys. 28(2007)44-59

82  H.Kawamura et al.:Normal spectral emissivity of 

undercooled liquid silicon, Meas. Sci. Technol. 

16(2005)386-393

83  H.Watanabe et al.: Phase Dependence (Liquid/Solid) of 

Normal Spectral Emissivities of Noble Metals at Melting 

Points, Int. J. Thermophys. 24(2003)223-237

84  H.Watanabe et al.: Near-Infrared Spectral Emissivity of 

Cu, Ag, and Au in the Liquid and Solid States at Their 

Melting Points, Int. J. Thermophys. 24(2003)1105-1120

85  H.Watanabe et al.: Phase (Liquid/Solid) Dependence of 

the Normal Spectral Emissivity for Iron, Cobalt, and Nickel 

at Melting Points, Int. J. Thermophys. 24(2003)473-488

86  H.J.Fecht and W.L.Johnson:A conceptual approach for 

noncontact calorimetry in space, Rev. Sci. Instrum. 

62(1991)1299-1303

87  H.Kobatake et al.:Noncontact measurement of thermal 

conductivity of liquid silicon in a static magnetic field, App. 

Phys. Lett. 90(2007)094102-1-3

88  T.Tsukada, H.Fukuyama and H.Kobatake:Determination 

o f  t h e r m a l  c o n d u c t i v i t y  a n d  e m i s s i v i t y  o f 

electromagnetically levitated high-temperature droplet 

based on the periodic laser-heating method: Theory, Int. J. 

Heat Mass Trans. 50(2007)3054-3061

89   

Proc. 29th Japan Symposium on Thermophysical 

Properties, Tokyo, 2008

90  N,Takenaga et al.:Effects of Static Magnetic Field and 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 72
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 72
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <>
  >>
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [1275.591 907.087]
>> setpagedevice




