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FIG. 3. Isochronal annealing curve for M at various H 
levels. 

It can be seen from Fig. 2 that the initial slope of 
the magnetization curve is a region I parameter. 
This slope defines the initial susceptibility Xo which 
is related to the angle 8 that the magnetization curve 
makes with the axes through the relation 

8=tan-'xo' 

The variation of 8 with annealing temperature is 
shown in Fig. 4 where it can be seen that pronounced 
recovery begins at about 400 °C. However, in the 
annealing range between 25 and 400 °C there is a 
considerable amount of fine structure which may be 
related to low-temperature recovery processes. To 
examine this proposition, it was necessary to ex
tract parameters which were clearly sensitive to 
low-temperature structure changes, i. e. , point
defect processes. This was done as follows. 

The ratio M / H is called the susceptibility X and this 
parameter represents the relative increase in mag
netic moment caused by the application of the mag
netic field. Theoretically7 it is found that this quan
tity is particularly sensitive to dislocation structure 
at high fields. Figure 5 shows the susceptibility 
curves for several samples. Characteristic of each 
susceptibility curve is the maximum susceptibility 
Xm and the corresponding value of the field Hm' 
Figure 6 shows these parameters plotted as func
tions of the annealing temperature. These two 
curves show the desired sensitivity. For annealing 
temperatures between 25 and 400 °C , X", is nearly 
constant but H", shows two minima. Between 400 and 
475 °C both curves show significant change. Above 

475 °C, the behavior is reversed with H", remaining 
nearly constant and X", showing change. 

The recovery of shocked high-purity poly crystalline 
nickel has been studied by Kressel23 using standard 
resistivity methods. At a peak pressure of 330 kbar, 
the recovery spectrum above room temperature con
sisted of three well-defined annealing stages (stages 
Ill, IV, and V). Stage III had an activation energy of 
1.1 eV and was centered around 88 °C. The activa
tion energy for stage IV was found to be 1.5 eV and 
the recovery peak was centered around 260 °C. As 
shown in Fig. 6, this behavior correlates very well 
with the behavior found in the present study. The 
center of the low-temperature recovery peaks found 
by Kressel correspond exactly to the minima A and 
B . 

Stage III and stage IV recovery are known to be as
sociated with point-defect processes. Stage III is 
usually attributed to the migration of mobile inter
stitials to fixed vacancies. 24 However, some of 
Kressel's data suggest also the possibility of defect 
migration to dislocations. Stage IV recovery is 
interpreted as the annihilation of single vacancies. 25 

The recovery above 350 °C is caused by the rearran
gement and annihilation of dislocations. Clearly, 
these processes affect all the magnetic parameters 
measured in this study. The points C and C' in Fig. 
6 suggest the interaction of dislocations with some 
type of point defect, probably vacancy clusters. 
However, there is some question to this interpreta-
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FIG. 4. Isochronal annealing curve for angle 9. 
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FIG. 5. Susceptibility curves for 
nickel after shocking and annealing. 
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tion because the temperature corresponding to these 
points is approximately equal to the Curie tempera
ture for nickel. The effect of cycling through the 
Curie temperature is currently under study to clear 
up this point. The major recovery stage V should 
contain two regions which correspond to polygoniza
tion and primary recrystallization. In the present 
study the primary recrystallization phase was not 
resolved because the experiment did not extend to 
high enough temperatures . Annealing was discon-
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FIG. 6. Isochronal annealing curves for x.,. and Hm' 
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tinued because quenching stresses began to interfere 
with the measurements. 

In. G. Doran and R. K. Linde, in Solid State Physics (Aca
demic, New York, 1966), Vol. 19, p. 229. 

2A. Kumar and S. H. Ward, University of California Re
port No. MT-63-10 (UCRL-13088), 1963 (unpublished). 

SM. F. Rose, M. P. Villere, and T. L. Berger, Phil. Mag. 
19, 39 (1969). 

'M. P. Villere, M. S. thesis (Clarkson College of Tech
nology, Potsdam, New York, 1969)(unpublished). 

5T. L. Berger (unpublished). 
6W. F. Brown, Phys. Rev. 60, 139 (1941). 
7A. Seeger and H. KronmUller, J. Phys. Chem. Solids 12, 
298 (1960). 

8H. KronmUller Md A. Seeger, J. Phys. Chem. Solids 18, 
93 (1961). 

tA. Seeger, H. KronmUller, H. Rieger, and H. TraUble, 
..,. Appl. Phys. 35, 740 (1964). 

IOn. E. Scherpereel, L. L. Kazmerski, J. A. Donovan, B. 
n. Cullity, and C. W. Allen, University of Notre Dame 
Report No.2, NR031-679: Nonr 1623 (10), 1969 (unpub-
lished). . 

l1A. Bhattacharyya, S. R. Pollack, and R. Maddin, J. 
Appl. Phys. 37, 4443 (1966). 

12H. Gessinger, E. Koster, and H. KronmUller, J. Appl. 
Phys. 39, 986 (1968). 

·ISW. Lowrie and M. Fuller, Phil. Mag. 18, 589 (1968). 
14R. H. Geiss and J. Silcox, J. Appl. Phys. 39, 982 (1968). 
15p. Vigier, C. Minier-Cassayre, P. Moser, and V • 

IDvert, Phys. Status Solidi 17, 317 (1966). 
ISH. Rieger, H. KronmUller, and A. Seeger, Z. Metallk • 

54, 553 (1963). 
uH. Kronmilller, A. Seeger, H. Jiger, and H. Rieger, P 

Phys. Status Solidi 2, Kl05 (1962). 
18C.A.J. Ammer1aan, H.J. Hofer, and G. W. Rathenau, in 

Solid State Physics in Electronics and Telecommunica
tions (Academic, New York, 1960), Vol. 3, p. 231. 

19M. F, Rose and F. I. Grace, Brit. J. Appl. Phys. 18, 671 
(1967). 

2On. Hudson, NWL Technical Note TN-T /13-68, 1968 (un
published) . 

21R. M. Bozorth, Ferromagnetism (Van Nostrand, New 
York, 1955). 


