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EFFECT OF POROSITY ON ELASTIC CHARACTERISTICS
OF TiC/TiNi HARD ALLOYS

V. V. Akimov, M. V. Akimov, UDC 621.762.4:539.32
M. S. Korytov, and M. V. Plastinina

A substantial effect of porosity on elastic properties of TiC/TiNi hard alloys is found. It is demon-
strated that application of these materials in various elements and devices of modern engineering is
inspired by a combination of their properties, such as high strength, hardness, wear resistance, and
resistance to oxidation and thermal shock.
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Depending on the method of obtaining materials on the basis of titanium carbide with a TiNi cementing
binding phase, their porosity can exert a significant effect on elastic characteristics, such as hardness and strength.
The porosity of hard alloys is known to increase if the pressing and sintering temperature deviates from the optimal
value [1]. The dependence of elastic properties of TiC/TiNi hard alloys on their composition was described in [2].
As far as the authors are aware, there are no data on the influence of porosity on characteristics of elasticity of this
class of materials.

The object of the present study is the effect of porosity on elastic characteristics (Young’s modulus E, shear
modulus G, volume deformation modulus K, and Poisson’s ratio x) and plasticity of the hard alloy ¢ = K/G [3].

The samples were produced by standard methods of powder metallurgy. Titanium carbide TiC and titanium
nickelide TiNi powders were mixed in a mechanical mixer for 24 h. A 6% solution of a plasticizer (natural rubber)
in pure gasoline was added to the well-stirred 50 : 50 mixture of TiC and TiNi powders. The mixture was stirred
again and then dried for 24 h at a temperature ¢ = 20°C; finally, the mixture was bolted through a sieve with a
cell size of 800 pm. The samples were obtained by the method of cold pressing at a pressure p = 100-200 MPa in
a special press mold and then sintered in a laboratory vacuum furnace.

Sintering was performed at a temperature ¢ = 1350°C for 10 min with subsequent rapid cooling together
with the furnace [4]. The samples were shaped as cylinders 18 mm in diameter and 8-10 mm high.

Samples of the 50/50 TiC/TiNi composite hard alloy with parallel faces (the deviation was less than 1073 rad)
with different values of porosity after their sintering were used in experiments in an ultrasonic setup. The roughness
of the treated sample surface was Ra = 1.25-0.63. The sample characteristics were measured by an ultrasonic
resonance method in a setup similar to that described in [2]. The error of determining Young’s modulus, shear
modulus, Poisson’s ratio, and volume deformation modulus with a confidence probability of 0.95 was smaller than
1-3%.

Porosity exerts a significant effect on elastic properties of TiC/TiNi hard alloys (Fig. 1). As the porosity is
increased from P = 0 to P = 15%, Young’s modulus decreases by 30-50 GPa, and Poisson’s ratio decreases by 0.08.
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Fig. 1. Elasticity characteristics E (1), K (2), G (3), and p (4) of a 50/50 TiC/TiNi
alloy versus porosity.

R
N
150 N

100
0

5 10 15 P %

Fig. 2. Experimental dependence (1) and calculated dependence (2) of Young’s mod-
ulus of a 50/50 TiC/TiNi alloy versus porosity.

Apparently, with increasing porosity, elastic and mechanical characteristics of hard alloys decrease owing
to reduction of strength of interparticle contacts and also to the emergence of stress concentrations around pores;
these stress concentrations are determined by the pore size, shape, and orientation [5]. It is difficult to quantify
the effect of pores as stress concentrators. For this reason, theoretical relations between the elastic properties of a
given material and porosity cannot be obtained.

The results of extrapolation of Young’s modulus for the 50/50 TiC/TiNi hard alloy calculated by formulas
derived in [2] are in good agreement with the results of theoretical calculations by the formula

E = (Ericvric + EminivTing) /v, (1)

where Eric and Erin; are Young’s moduli of titanium carbide and nickelide; vic and vrin; are the volume fractions
of titanium carbide and nickelide in the alloy (Fig. 2).

Moreover, despite the difference in the phase composition of the samples and also in the technology of
manufacturing of the samples, Young’s moduli of TiC/TiNi hard alloys calculated by Eq. (1) almost coincide with
experimental data.

Thus, the results obtained confirm the assumption that the material porosity affects the behavior of Young’s
moduli under standard conditions.

659



REFERENCES

1. G. V. Samsonov and I. M. Vinitskii, Refractory Compounds, Reference Book [in Russian], Metallurgiya, Moscow
(1976).

2. V. V. Akimov and N. A. Ivanov, “Determination of elastic and plastic characteristics of TiC-TiNI alloys by the
ultrasonic resonance method,” J. Appl. Mech. Tech. Phys., 43, No. 2, 341-344 (2002).

3. N. A. Ivanov, “Elastic and thermophysical properties of titanium, zirconium, and niobium carbonitrides and
oxycarbides,” Candidate’s Dissertations in Tech. Sci., Sverdlovsk (1975).

4. V. V. Akimov, “Mechanism of liquid-phase sintering of TiC—TiNi hard-alloy composites,” Izv. Vyssh. Uchebn.
Zaved., Cher. Metallurg., No. 6, 33—35 (2006).

5. N. Veil, “Effect of variable parameters on mechanical properties of ceramic materials,” in: High-Temperature
Research [in Russian], Nauka, Moscow (1967), pp. 212-258.

660




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 225
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


