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The main aim of the current study was to improve the high temperature shape memory characteristics of TiNiPd
based high temperature shape memory alloys via quaternary alloying addition of Cu and microstructure optimization.
Addition of Cu in equiatomic TiNiPd alloys, replacing Ni, improved the high temperature dimensional stability of the
alloy due to the solid solution strengthening mechanism. The addition of Cu slightly increased the transformation
temperatures but did not affect the thermal hysterisis of the alloy. In the cold rolled and annealed TiNiPdCu alloys an
unexpected precipitation behavior was found. High densities of nano-scaled TiPdCu and Ti,Pd type precipitates were
observed to form in the annealed TiNiPdCu alloys. A precipitation mechanism of the combined precipitation of TiPdCu
and Ti,Pd type precipitates in the annealed TiNiPdCu alloys was proposed on the basis of various experimental
techniques. It was found that the preferential nucleation of TiPdCu type precipitates at the heterogeneous nucleation
sites of defects significantly disturb the Ti contents of the matrix which in turn promotes the formation of Ti rich
Ti,Pd type precipitates. The high densities of the above mentioned precipitates significantly increased the Ni contents
of the matrix mainly due to the lower solubility of Ni in both the precipitates. The formation of nano-scaled
precipitates of TiPdCu and Ti,Pd types greatly improved the high temperature dimensional stability of the TiNiPdCu
based high temperature shape memory alloys. These precipitates were found to be stable at temperatures higher than
773 K and were effective to stop the creep and recovery /recrystalliiation type processes which pose a real threat to the
high temperature cyclic and dimensional stability of TiNiPd based high temperature shape memory alloys. Cu
contents, annealing temperature and prior cold rolling ratio were found to be the main controlling parameters of the
size, density and overall distribution of the precipitates. The density of the precipitates increased with the increasing

Cu contents of the annealed TiNiPdCu alloys.
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