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Name (PARCHURI PRADEEP KUMAR)

Effects of processing parameters on interface morphologies and related mechanical properties in
Title cladding of a group V or VI refractory metal plate on Cu plates using explosive welding
(565, 6l £ EB/Cuy 5 v FMDBEEEESM &L FEARS L UHHAEEDORER)

A clad between group V. (Nb, Ta) or VI (Mo, W) refractory metal (RM) and Cu is highly attractive because
of high melting temperature and wear resistance of RMs and high thermal conductivity of Cu, while
differences of thermo—physical properties between RMs and Cu makes it impossible to clad them using
conventional fusion welding techniques. Explosive welding (EW), which is one of the solid state welding
techniques, possesses remarkable ability to join any similar or dissimilar metal plates, and was chosen
in this study to obtain high strength RMs/Cu clads. This thesis presents a systematic study on Nb/Cu,
Ta/Cu, Mo/Cu and W/Cu EW clads to design high strength clads. Clads were obtained at high and low
collision velocities (HCV and LCV) in horizontal direction, respectively, and the LCV clads exhibited a
wavy interface while the HCV clads with lower collision angle exhibited an interface with intermediate
layer (IL). Features of the wavy and IL interfaces depended on the RMs’ thermo-physical properties. In
Nb/Cu and Ta/Cu systems, the clads with an IL exhibited higher bending stress than those without an IL

TEM observation confirmed that Nb nano-dendrites and various size of Ta fragments distributed in a Cu
matrix in the ILs. Especially, in the IL at Ta/Cu interface, the Ta-Cu-based intermetallic compound or
dodecagonal quasicrystal particles, which is a non—equilibrium phase, was also observed along with
coexistence of Ta and Cu phases. Thus the ILs possessed the highest hardness in the IL and base plates
in the both clads. Thus, the ILs resulted in higher bending strength than the LCV clads. Noted that less
misorientaion in RM plates near the joint interface was observed in the HCV clads than in the LCV clads,
while recrystallization occurred in Cu plate near the interface leading to less misorientation in the
both clads. On the other hand, cladding a group VI RM on Cu plates possess certain challenges because
of shock wave damage in the RM plate during EW. The shock wave damage caused due to generation of high
intensity reflected tensile waves as a consequence of the undissipated imparted kinetic energy (KE) at
the collision interface. This problem is serious in the clads consisting of a group VI RMs plate because
of their inherent brittle nature. Thus, the status of a RM plate of as—EWed clads plays a key role in
deciding clad’ s bending strength. For example, visible cracks from the surface toward interface were
observed in W plates of as—-EWed W/Cu clads in many EW conditions. A crack—free W plate has been obtained
in the HCV clads produced at lower collision angles, resulting in higher bending strength. The HCV clads
consisted of an IL, which was associated with high consumption of KE and reduction of the intensity of
reflected tensile waves. The IL consisted of nanometer— and submicrometer—sized W fragments distributed
in a Cu matrix, leading to higher hardness than a Cu plate, which could have contributed a little to
increase the bending strength of clads. Similarly, optimum EW processing parameters have been
demonstrated in the weldability window for obtaining high bending strength and elongation in the Mo/Cu
clads. The Mo plate of Mo/Cu LCV clads exhibited failure in an early stage of bending tests and cracks
was observed on a Mo plate surface associated with severe shock wave damage. On the other hand, formation
of ILs at the interface in the Mo/Cu HCV clads suggests high consumption of KE at the collision interface
and restriction of the shock wave damage to a few top most area in a Mo plate of as—-EWed Mo/Cu clad

Thus, the HCV clads showed higher bending elongation than the LCV clad. In addition, the HCV clad
produced at the lowest imparted KE among the HCV clads showed shallow shock wave damage in a Mo plate

Thus, in order to obtain good combination of bending strength and elongation in Mo/Cu clads, it is
important to clad them at HCV with lower KE near the weldability limit. Finally, comparison of
microstructural and mechanical properties of the clads is summarized in terms of the group and period

of RMs.
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