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3. ixperimental Results and Discussion

The results of the recovery experiments are shown in Figure 1. We define the fraction of
residual shock hardening as

g-a =

o
B s (1)
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where R is the fraction of recovery, ¢ the recovery flow stress after anneal, oo the flow
stress in the fully annealed state, and % is the flow stress of the shock hardened material at
aog, predetermined strain. The change of residual shock hardening has been shown empirically

to be:
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Consequently we can obtain an activation energy for recovery from the expression:
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The activation energy at 90 kb at the initial (R=0) stages of recovery was determined to be
22.3 kcal/mole, at 300 kb, the activation energy was 20 kcal/mole and at 500 kb the activation
energy was 19.5 kcal/mole. Knowing that the activation energy for migration of vacancies in
iron is about 18 kcal/mole, then it is not unreasonable to assume that vacancies alone play a
predominant role in the earliest stages of recovery. In the last stages of recovery (R=1) the
activation energy was measured to be 75, JO, and 91 kcal/mole at 90, 300 and 500 kb. In the
last staées of recivery, it is speculated that dislocation climb may be important since the
activation energy for éeif &1ffﬁsion in iron is 67 kcal/mole.

Defect concentration estimates from resistivity experiments require the identification of
annealing stages. In the present work three anneal stages were observed which are identified as
stages III, IV and V. The specimen resistivity after shock deformation is denoted as ps, then
ps = p(2.0°C) is stage III, p(210) - p(450) is stage IV and p(450) - p(anneal) is stage V.
Resistivity changes during each stage for the four shocked specimens are shown in Table I.

(3)

Point defect concentrations were obtained by the same method used by Kressel and Brown ~".
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Two features of the experimental results should be emphasized: (a) There are approximately

seven times more vacancies than interstitials. (b) Both vacancy and dislocation density appear
to reach saturation with increasing strain. The resistivity data agrees with the recovery kine-
tics since it was shown that vacancies alone play a predominant role in the earliest stages of

recovery. Stage V recovery requires a higher activation energy since dislocation climb is

important.

Based on the experimental findings of this work, the following conclusions have been reached:

(a) The initial stages of annealing after shock deformation are associated with migration of
vacancies, while the last stages of recovery are associated with dislocation climb.

(b) Vacancy and dislocation density appear to reach saturation with increasing strain.

This saturation can be explained by examining the dominant point defect generation processes.
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