
Deformation by Twinning 

 

 7.19  List four major differences between deformation by twinning and deformation by slip relative to 

mechanism, conditions of occurrence, and final result. 
 

  Solution 

 Four major differences between deformation by twinning and deformation by slip are as follows:  (1) with 

slip deformation there is no crystallographic reorientation, whereas with twinning there is a reorientation;  (2) for 

slip, the atomic displacements occur in atomic spacing multiples, whereas for twinning, these displacements may be 

other than by atomic spacing multiples;  (3) slip occurs in metals having many slip systems, whereas twinning 

occurs in metals having relatively few slip systems;  and (4) normally slip results in relatively large deformations, 

whereas only small deformations result for twinning. 

 

 Strengthening by Grain Size Reduction 

 

 7.20  Briefly explain why small-angle grain boundaries are not as effective in interfering with the slip 

process as are high-angle grain boundaries. 
 

  Solution 

 Small-angle grain boundaries are not as effective in interfering with the slip process as are high-angle grain 

boundaries because there is not as much crystallographic misalignment in the grain boundary region for small-angle, 

and therefore not as much change in slip direction. 

 

 

 7.21  Briefly explain why HCP metals are typically more brittle than FCC and BCC metals. 
 

  Solution 

 Hexagonal close packed metals are typically more brittle than FCC and BCC metals because there are 

fewer slip systems in HCP. 

 

 7.22  Describe in your own words the three strengthening mechanisms discussed in this chapter (i.e., grain 

size reduction, solid-solution strengthening, and strain hardening). Be sure to explain how dislocations are involved 

in each of the strengthening techniques. 

 

 These three strengthening mechanisms are described in Sections 7.8, 7.9, and 7.10. 



 

 Solid-Solution Strengthening 

 

 7.26  In the manner of Figures 7.17b and 7.18b, indicate the location in the vicinity of an edge dislocation 

at which an interstitial impurity atom would be expected to be situated. Now briefly explain in terms of lattice 

strains why it would be situated at this position. 
 

  Solution 

 Below is shown an edge dislocation and where an interstitial impurity atom would be located.  

Compressive lattice strains are introduced by the impurity atom.  There will be a net reduction in lattice strain 

energy when  these lattice strains partially cancel tensile strains associated with the edge dislocation;  such tensile 

strains exist just below the bottom of the extra half-plane of atoms (Figure 7.4). 

 

 

  



 Recovery 

 Recrystallization 

 Grain Growth 

 

 7.33  Briefly cite the differences between recovery and recrystallization processes. 
 

  Solution 

 For recovery, there is some relief of internal strain energy by dislocation motion;  however, there are 

virtually no changes in either the grain structure or mechanical characteristics.  During recrystallization, on the other 

hand, a new set of strain-free grains forms, and the material becomes softer and more ductile. 

 

 

 7.35  Explain the differences in grain structure for a metal that has been cold worked and one that has been 

cold worked and then recrystallized. 
 

  Solution 

 During cold-working, the grain structure of the metal has been distorted to accommodate the deformation.  

Recrystallization produces grains that are equiaxed and smaller than the parent grains. 

 

 

 

 7.36  (a) What is the driving force for recrystallization? 

 (b) For grain growth? 
 

  Solution 

 (a)  The driving force for recrystallization is the difference in internal energy between the strained and 

unstrained material. 

 (b)  The driving force for grain growth is the reduction in grain boundary energy as the total grain boundary 

area decreases. 
 


