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The effect of cooling rate on the precipitation of y’ in
Ni-11.6 at.%Al alloy
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Abstract: The initial stages of the y’ precipitation in a dilute Ni-Al binary alloy, Ni-11.6 at.%Al, were studied using differential
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scanning calorimetry (DSC), X-ray diffraction (XRD), electron diffraction and electron microscopy (FEG-SEM and TEM)
techniques. Three samples were similarly solution treated and then cooled to room temperature under different cooling rates, 170 «
25 and 0.03°Cs™. The results indicate a clearly homogenous y’ nucleation during rapid quenching which takes place via
simultaneous ordering and phase separation. However, by decreasing the cooling rate to 25°Cs™ the nucleation mechanism
changes to heterogeneous on the preferred nucleation sites. The capability of the mentioned empirical techniques for studying the
initial stages of the y’is another subject which is studied in this article.

Keywords: Ni-Al alloys, y’ precipitation, cooling rate, homogenous nucleation, heterogeneous nucleation, FEG-SEM, DSC.
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11. field emission gun scanning electron
microscopy

12. transmission electron microscopy

13. diffractometry

14. colloidal silica

15. glacial acetic acid

19. dark field mode

20. selected area diffraction pattern
(SAD)

21. exposure time

22. mottled microstructure

23. satellite pattern

27. spinodal decomposition

28. preferred precipitation

29. critical nuclei

30. heterogeneous nucleation

31. excess vacancy concentration
32. vacancy clusters

16. etching
17. secondary electron
18. electropolishing

24. superlattice

1. Nash, P., Scripta Metallurgica. Vol.18, pp. 295-296,
1984,

2. Jayanth, C. S., and Nash, P., Journal of Materials
Science, Vol. 24, pp. 3041-3052, 1989.

3. Ardell, A. J., Scripta Metallurgica. et Materialia.,
Vol. 24, pp. 343-346, 1990.

4. Martin, J. W., Doherty, R. D., and Cantor, B., The
Stability of Structure, Cambridge University Press,
pp. 219-366, 1996.

5. Lund, A. C., and Voorhees, P. W., Acta Materialia.,
Vol. 50, pp. 2085-2098., 2002.

6. Jackson, M. P., Starink, M. J., and Reed, R. C,,
Materials Science and Engineering, Vol. 264A,
pp- 26-38, 1999.

7. West, A. W, and Kirkwood, D. H., Scripta
Metallurgica, Vol. 10, pp. 681-686, 1976.

8. Raghavan, V., Solid State Phase Transformations,
Prentice-Hall, 1987.

9. Durand-Charre, M., The Microstructure of
Superalloys, Gordon and Breach Science Publishers,
Netherlands, 1998.

10. Haasen, P., “The Early Stages of the Decomposition
of Alloys”, Metallurgical Transactions A, Vol. 16A,
pp. 1173-1184, 1985.

11. Phillips, V. A., Acta Metallurgica, Vol. 14, pp. 1533-
1547, 1966.

12. Ardell, A. J., Nicholson, R. B., and Eshelby, J. D.,
Acta Metellurgica, Vol. 14, pp. 1295-1309, 1966.

13. Hirata, T., and Kirkwood, D. H., Acta Metallurgica,
Vol. 25, pp. 1425-1434, 1977.

14. Gentry, W. O., and Fine, M. E., Acta Metallurgica,
Vol. 20, pp. 181-190, 1972.

15.Hill, S. A., and Ralph, B., Acta Metallurgica,
Vol. 30, pp. 2219-2225, 1982.

16. Beardmore, P., Materials Science and Engineering,
Vol. 5, pp. 350-354, 1969/70.

17. Gayraud, N., Moret, F., Baillin, X., and Mosser, P.
E., Journal of Physics, IV Colloq. C7 (3), pp. 271-
276, 1993.

18. Gayraud, N., Moret, F., and Desvalley, Y., Journal of
Physics, IV Collog. C3 (5), pp. 225-235, 1995.

19.Kuhn, H. A., Biermann, H., Ungar, T., and Mughrabi,
H., Acta Metallurgica and Materialia, Vol. 11,
pp. 2783-2794, 1991.

(L;w.k..é.a B 4.:3}.::..”. )(}A) \YAQ )L@J Al s)l-‘)m:l AR dl.w ‘Jmﬂ‘

25. homogenous nucleation
26. barrier energy

33. High energy synchrotron
34. contrast

s

20. Lasek, J., Chraska, T., Krecek, P., and Bartuska, P.,
Scripta Materialia, Vol. 37, pp. 897-902, 1997.

21.Rachinger, W. A., Journal of Science Inst., Vol. 25,
pp. 254-255, 1948.

22.Kamara, A. B., Ardell, A. J., and Wagner, C. N .J,,
Metallurgical and Materials Transactions, Vol. 27A,
pp- 2888-2896, 1996.

23.Cullity, B. D., Elements of X-ray Diffraction, 2™
edition, Addison-Wesley.

24. Grosdidier, T., Hazotte, A., and Simon, A., Materials
Science and Engineering, Vol. 256A, pp. 183-196,
1998.

25.Kelly, A., and Nicholson, R.B., Precipitation
Hardening, No. 3, Progress in Materials Science,
Macmillan, New York, pp. 151-391, 1963.

26.Porter, D. A., and Easterling, K. E., Phase
Transformations in Metals and Alloys, Chapman &
Hall, London, 1992.

27.Wendt, H., and Hassen, P., Acta Metallurgica,
Vol. 31, pp. 1649-1659, 1983.

28. Schmuck, C., Caron, P., Hauet, A., and Blavette, D.,
Philosophical. Magazine, Vol. 76A, pp. 527-542,
1997.

29. Ardell, A.J., Acta Metallurgica, Vol. 16, pp. 511-516,
1968.

30.Kirkwood, D. H., Acta Metallurgica, Vol. 18,
pp. 563-570, 1970.

31. Vengrenovitch, R. D., Acta Metallurgica, Vol. 30,
pp- 1079-1086, 1982.

32.Senenko, R., and Ben-Israel, D. H., Journal of
Metals, Vol. 20(8), p.120A, An abstract, 1968.

33.Hammond, C. M., and Ansell, G. S., Transaction
Quarterly, American Society of Metals, Vol. 57,
p. 727, 1964,

34.Beeston, B. E. P., and Smallman, R. E., “Electron
Microscopy,” Proceeding of Third European
Regional Conference on Electron Microscopy, Publ.
Ho of Czech, Acade of Science, Prague, A, p. 165,
1964.

(553 4l OLL "¢ Ni-Algla3UT sy g 1080 g

AYAZ ole B x cw).)w C,.:.r).v“ aK..ﬁ\)

YA



36.Russell, K. C., Nucleation in Solids: to Appear
Nucleation I1I, edited by: A. C. Zettlemoyer, Marcel
Dekker, New York.

37.Nathal, M. V., Mackay, R. A., and Garlick, R. G.,
Materials Science and Engineering, Vol. 75,
pp. 195-205, 1985.

38. Jenkins, R., and Snyder, R. L., Introduction to X-ray
Powder Diffractometry, Vol. 138, John Wiley &
Sons Inc., 1996.

39.Hull, D., and Bacon, D. ., Introduction to

\4

Dislocations, 4%ed., Butterworth Heinemann, 2001.
40. Mitchell, R. J., Preuss, M., Hardy, M. C., and Tin, S.,
Materials Science and Engineering, Vol. 423A,
pp. 282-291, 2006.
41.Hohne, G., Differential Scanning Calorimetry: An
introduction for Practitioner, Springer, 1996.
42.Mackenzie, R. C., Differential Thermal Analysis:
Applications, Vols. 1 and 2, Academic Press, 1970.
43.Pope, M. 1., Differential Thermal Analysis: A guide
to Techniques and Its Applications, Heyne, 1977.

(w.h.@.ﬁ BE 4.'.'3]..';.3_1 J\).A) YYAQ )L@_' A ;)La..:: AR (JLA ¢JM¢:\




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 6.66667
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


