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Recently, FCC metals containing large densities of annealing and growth twins have been observed
to increase yield strength in engineered grain boundary materials [1] and pulsed electrodeposited
copper [2] respectively. To predict the mechanical properties of these materials, dislocation
interactions with twin boundaries as well as twin-twin interactions will need to be included in
plasticity models. To achieve this aim, these interactions must be identified and the dominating
relationships determined. The work described in this paper is aimed at determining this information
in a low stacking-fault energy FCC material by using the in-situ TEM deformation technique.

Previous studies have shown that dislocations [3, 4] and stacking faults [5] result from the
interaction of glissile dislocations and a twin boundary. For twin-twin interactions, where a growing
twin impinges on an existing twin boundary, transmission has been observed to occur by secondary
twinning [3], slip [6, 7], or both [8]. Recent computer models of nano-grained materials show that
the interactions are more complex than previously suggested and that deformation twinning plays an
important role in stress transmission at twin boundaries in high SFE materials [9]. These results
await experimental verification.

Using the in-situ TEM deformation technique, dislocation interactions with twin boundaries have
been observed in a Cu-4wt%Al alloy at room temperature. These studies have shown the ejection of
perfect dislocations and partial dislocations trailing a ribbon of stacking fault from the same area of
grain boundary, the evolution of the dislocation structure including the annihilation of stacking faults,
and that deformation twins can act as barriers for perfect and partial dislocations. It was noted that
the propagation rate of partial dislocation with the attending stacking fault ribbon and deformation
twins was extremely rapid in comparison to the propagation of perfect dislocations. Structures
involving partial dislocations would appear within one videoframe, indicating propagation rates
faster than 0.03 seconds.

A portion of one interaction in which a stacking fault ribbon is ejected from what appears to be a
source near the twin boundary is shown in Figure 1. The fault initially exhibits a lenticular twin
shape having an irregular interface with the matrix (Figure 1a). With time, this irregular interface
reaches the foil surface along the entire length, creating a uniformly thick twin. At a later time, this
fault is released and rapidly moves (1/30"™ sec) out of the frame of reference. The other interactions
will be described in more detail elsewhere [10].
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Figure 1. Irregular twin matrix interface that develops during the emission of a stacking fault from
a twin boundary in response to a dislocation pileup. Times are shown in minutes:seconds. In Figure
la, the irregular interface between twin and matrix, denoted by the black arrows, develops on a fault
that was initially lenticular in shape. At a rapid rate, ~1/30" sec, the interface resumes its lenticular
shape as the partial dislocation advances in response to increasing stress from the dislocation pileup.
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