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ABSTRACT 

It is shown that shock wa \-es at pressures of 90, 150, 300 kbat's have a 
notable effect on the magnetic prope l·ties of Fei\In (92·4 /7-6 wt_ %). In 
inc reasing fields (up to 30 kilo-oersteds) three regions including t he 
Barkha usen effec t h lwe been identified. The reduction ill magnetization 
6.111 produced by shock loading can be represented by nllI = q/H + 1J/H2, 
where q depends Oil the applied stress. In addition, susceptibility measure­
m ents indicate a shock-induced Curie transformation. 

'VORK-HARDENI TG and the existence of high densities of dislocations have 
a notable effect on propert.ies of magnetic materials. Studies by Kronmiiller 
(1959) and Friedel (1956) have related the reduction in magnetization to 
plastic deform a tion. Dektyar and Levina (1962) have explained the 
increase of the critical field H e with work -hardening. The effects of shock 
waves on the residual magnetic properties of armco iron have been investi­
gated by Rose, Villere and Bel'ger (1969). However, changes in saturation 
magnetization and susceptibility have never been observed in shocked 
material. 

It is the purpose of this correspondence to report the results of our 
magnetization and susceptibility studies in shock-loaded FeMn (92 '4/7'6 
wt. %). We have related our experimental results to the effect of work­
hardening and magnetic transformations. 

Proper heat treatment of the alloy F el\In resulted in a two-phase struc­
ture (0: and martensitie 0:' ) prior to shock loading. The increase of the total 
free energy due to shock loading at pressures between 90 and 150 kbars has 
induced a martensitic transformation (0: ~ E'), and has caused a demagnetiza­
tion transition to take place. We were not able to determine the exact 
pressure of the transform ation , but we believe this pressure to be about 
1l0kbal's. Density measl1l'ements of the shock-loaded specimens clearly 
indicate that the high pl'essUI'e phase has been retained. A density change 
of 3'79% has been measured for specimens shocked at 150 and 300 kbars. 

t Prescnt addrcss: Materials Scicnce Division. U.S. Naval Weapons 
Laboratory, Dahlgren, Va. 
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Consequent.ly, the changes in saturation magnetization and susceptibility 
that 'H're mrasured reflect both the work-hardening effects and Lhc 
occurrence of a, crystaUogrnph ic phase t ransformation. 

Magnetization and susceptibility were measured by means of a magneti c 
balance after the design of Sueksmith and Thompson (1 954). The field 
gradient, which is independent of the applied field , was supplied by two 
brass strips. This method allowed for the passage of 65 amps t hrough the 
brass strips. The results of these experiments appearing in the table 

Peak presslIre Susceptibility l /x x 10- 3 Saturation induction 
(khars) (kilogauss) 

90 6·32 21·5 
150 22·67 18·6 
300 21·39 18·1 

Annealed 4·69 22·1 

clearly indi cate a variation in susceptibility between the specimens shock 
loaded at 90kbars and those at 150 and 300kbars. The values for I fx of 
6·32 x 103 at 90 kbars and 22 ·67 x 103 at 150 kbars generally follow the 
Curie-"Weiss la,,", indicating a magnetic t ransformation . The trans ­
formation, unlike those of the ordinary type which take hours for complc­
"tion, occurs martensitically. 

The magnetizat ion curves appearing in the figure indicate different 
approaches to saturation for each pressure, and in general a lowering of 
magnetization N observed under a field H. Three distinct magnetization 
regions are shown. There is an initial increase in Jll, with slope d ...11 fdH 
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Magnetization curves fOt, iron manganese shock loaded up to 300 khars. 
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which is definitely smaller than in the fnlly annealed state. There is then a 
rapid increase in mngnctizatiolllmo\\'J) as the Barkhauscn effect, and finally 
the approach to saturation oceurs at higher fieldR than in the fully annealed 
state. In the large field range, the reduction in magnetization produced by 
work-hardening can be represented by: 

/).11 _ g JJ 
1 - H + H2' 

"'here p and g are constants. This relationship holds in the stage of rapid 
hardening. We believe that during the initial stages of work-hardening 
the term glH is associated with the work-hardening of dislocation dipoles. 
Once work-hardening dominates, hO"'ever, the first term is connected with 
the relaxation of piled-up groups. 

It is gcnerally kno\\'n that at Iow fields and in well-annealed polycrystals 
with large grains, Bloch walls are made mobile under the applied field. In 
worked material , under very small fields, the walls are able to bend bet,,'een 
their pinning points, giving rise to the initial permeability. Above a 
critical field H e the walls escape from their pinning point and move in'ever­
sibly, giving rise to the Barkhausen jump. The large number of piled-up 
groups of dislocations introduced by shock loading provides at least some 
of the pinning points. The pinning energy per unit length of dislocat,ion 
is ofthe order of .:\a02 ~ Ap.bO , where A is the magnetostriction, 0 is t.he width of 
the Bloch wall, p. is the shear modulus and b is the interatomic distance. 
The average stress a is computed in a cylinder of diameter 0 around the 
dislocation. lIe is obtained by equating this energy to H c:J1sSo which is 
the energy gained from H c: when a length 2S of Bloch wall moves forward 
by O. Therefore 

Ap.b 
Hc~ 8 111s. 

The above equation explains the order of magnitudc of the initial perme­
ability oHhe Barkha usen effect (Dektyar and Levina 1962). 

Hence, we have identified three rcgions of magnetization, each of which 
has been related to the metal's dislocation and domain sub-structure. The 
increase in sUEceptibility is due to a shock-induced magnetic transition. 
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