Deformation Processes in Zr-Nb Alloys at Temperatures of Phase Transformations
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      Processes of high-temperature deformation are reconstructed as applied to commercial Zr-Nb alloys by features of the texture, studied at room temperature. These alloys are characterized by phase transformations α↔β within a temperature interval 610o - 860oC, where the high-temperature β-phase and the low-temperature α-phase have crystalline lattices BCC and HCP, respectively. Forging at temperatures of β- and (α+β)-regions of the phase diagram are favorable for operation of various deformation mechanisms, among which there are crystallographic slip in α- and β-phases as well as mutual displacements of crystallites along interphase boundaries under phase transformation or along intergranular boundaries under dynamic recrystallization. Experimental study was conducted as applied to model samples from Zr-based alloys, subjected to forging by various temperature-rate regimes [1].
      Deformation at temperatures of (α+β)-region is inevitably associated with α→β phase transformation due to additional local heating near shear bands. Besides, deformation at the phase transformation temperature additionally reduces stability of the crystalline lattice, so that repeated cyclic phase transformations prove to be possible. Activation of the phase-boundary slippage, resulting in texture scattering, is most probable by equal contents of both phases. As the deformation temperature increases, a volume fraction of β-grains and their size grow, the phase-boundary slippage weakens and the intragranular crystallographic slip intensifies. Structure features of alloys at high temperatures determine the operating deformation mechanisms. Quenching effects, controlling the structure condition of α’-phase, are connected with oversaturation of the α-matrix with Nb and its non-equilibrium state.  
In the course of compression the curves “stress – deformation” were recorded and their features were analyzed, as manifestations of operating deformation mechanisms, revealed by texture studies.  Among these features there are the following: level of plastic flow stress, gradual or sharp transition from elastic to plastic deformation, presence of the yield drop, hardening or weakening by deformation, flow by the constant stress, dependence or independence of the measured stress on the deformation rate, changes in deformation features with growing deformation degree. In particular,       the character of transition from elastic to plastic deformation depends on simultaneous attainment of the critical shear stress in different grains, which is controlled by the texture of sample. The slippage by interphase boundaries manifests itself by plastic flow at the constant stress up to rather high deformation degrees. In consequence of deformation heating or heat removal the phase composition of the tested sample changes, so that the optimal conditions for operation of interphase slippage violate, the intragranular crystallographic slip intensifies, the texture scattering decreases and the horizontal section of the loading curve is followed by an inclined length. The succession of dominating deformation mechanisms as well as the stress levels, required for their operation, can be revealed on the basis of combined consideration of texture data and tendencies to weakening or hardening by increase of the deformation degree.
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