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Introduction

Titanium-based alloys In particular Ti;,Pd:, are being developed for high temperature applications. The Ti;,Pd:, alloy has a potential for high temperature shape memory
applications due to its martensitic transformation capability from B2 to B19 at 823 K [1]. This alloy exists as a high temperature phase (austenite phase) which has a simple cubic
B2 while at low temperature is known as the martensite phase with an orthorhombic B19 structure [2]. Previous studies indicated that B2 TiPd is unstable displaying a negative C’
at 0 K [3]. Consequently, the binary Ti;,Pd, alloy has no strength for use in actuators and aeronautic industry and ternary alloys need to be established to improve their properties
Then, alloying with Cu is an attempt to improve their strength at O K as it has extraordinary properties such as corrosion resistance and high thermal conductivity. In this study,
ternary alloying of Ti,,Pd:, with Cu have been performed using DFT approach to investigate the thermodynamic an d mechanical stability to deduce their potential in HT
_application. )
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of atomic percent Cu for Tizy,Pd;,,Cu, (0 = x <£25) SMAs.
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Figure 3 (a): The bulk modulus decreases minimally with an increase in Cu concentration.

Tiz,Pd,5 -:CuUg ,c appears to be the hardest due to the highest bulk modulus as compared to other
compositions. The G and E is greater than above 18 at. % Cu which indicate that the structure is
less compressible and stiffer.

For a structure to be stable, the heat of formation
must have the lowest negative value (AH; < 0).
Figure 1 (b): It is clearly seen that the heat of
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formation decreases as the concentration of Cu iIs
Increased. At 6.25 at. % Cu, the AHf is the lowest
which implies thermodynamically stable compared to
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Ductility condition:
The Pugh (B/G) > 1.75 [10] and Poisson (og)> 0.26 [11] is regarded as ductile otherwise
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Figure 1: (a) Lattice parameter, a (A ) and (b) heats of formation of the B2 Ti;,Pds, wCu, (0sx<25) ternary SMAs. Poisson s ratio, the ductility is observed for (0 < x < 25) as the ratio Is_greater than 0.26.
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Figure 2: (a) elastic constants (GPa) and (b) anisotropy as a function of atomic percent Cu for Ti;,Pd:, ,Cu, where 0 < x < 25. Figure 4: The phonon dispersion curves of the Tig,Pdg,Cu, (0 < x < 25) ternary structures.

The mechanical stability condition for cubic system [9]: C11> €12, €44 >0, ¢'=1(¢c., —Cyy), C'>0

For an isotropic crystal, the factor (A) must be 1, while any value small or farge tha&unity is a Figure 4. The phonon dispersion curves of TisPds,,Cu, show no negative vibrational

frequencies above 20 at. % Cu suggesting that the material is vibrational stable. The other

measure of the degree of elastic anisotropy. Anisotropy ratio is determined from 4 = 6,4

Figure 2 (a): It is observed that B2 Ti,,Pdc,,Cu, Is mechanical stable above 25 at. % Cu.
Figure 2 (b): Itis clearly seen that Ti;,Pd:,,Cu, show anisotropic behaviour for 0 < x < 25.

phonon dispersion curves are vibrational unstable displaying soft modes along gamma point
which correspond with their negative Shear moduli (C') for (0 = x < 18.75) .

\= =)\ /
Conclusion References

Ab initio DFT approach was successfully used to study SMA properties| |[[1] Ma J., Karaman S., and Noebe R. D., Int. Mater. Rev., 55 (2010) 257-315.

of B2 Tiz,Pd,.,Cu, for potential HT applications. The results suggest that| |[2] Huang X., Karin M., and Ackland J., Phys. Rev. B, 67 (2003) 24101-24107. 7

Tic,Pds,,Cu, are thermodynamically stable fat lower composition (6.25| |[3] Golberg D., Xu Y., Murakami Y., Morito S., and Otsuka K., Intermetallics, 3 (1995) 35-46. # e

at.% cu) with the lowest value of the heats of formation. The effect of| |[4] Hohenberg P. and Kohn W., Phys. Rev. B, 136 (1964) 864-871. 2 gLl

ternary addition revealed that Ti,,Pd:,,Cu, alloys are mechanically| [[5] Kohn W.and Sham L.J., Phys. Rev. A, 140 (1965) 1133-1138.

stable above 20 at. % Cu according to the criteria of mechanical stability.| |[6] Kresse G. and Hafner J., Phys. Rev. B, 47 (1993) 558-561. ik semsrstes COMPUTING 0

Cu addition was found to increase the martensitic transformation| |[7] Perdew J.P., Burke K. and Ernzerhof M., Phys. Reuv. Lett., 77 (1996) 3865-3868. v &Eo 4 R

temperature of the TiPd since it gives the negative C' below 20 at. %. It| |[[8] Parlinski K., Li Z.Q. and Kawazoe Y., Phys. Rev. Lett. 78, pp. 4063-4066 (1997). B

was revealed that increasing Cu above 6.25 at. % could effectively| [[9] Mehl M.J. and Klein B.M., Intermetallic Compd., 1 (1994) 1-26. 4’ /s R

improve the ductility of the compound. Our phonon dispersion| |[10] Pugh S.F, Philos. Mag., 45 (1954) 823-843.

calculations predicted vibrationally instability below 18.75 at. % Cu 11] Frantsevich I.N. and Voronov S.A., Naukova Dumka, Kiev, (1983) 60-180. .

\ / "Simulate, Know Materials'

- /




