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SHOCK CO MPRESSED Fe -Mn ALLOYS 4167 

TABLE IV. Retained hig-h-pl·cs:;ure phases of the quenehed a ll oys. 

Alloy Pressure Vol ':b fee Vol% hep 
(kbar) Density 

Fe-4Mn 90 2.25 
150 10. 80 
300 16 .25 
500 15.50 

F e - 7l\In 90 3.12 
1 50 25.25 
300 47.50 
500 47.60 

Fe-14Mn 90 
1 50 
300 
500 

by the retention of the close-packed paramagnetic 
phases . For the Fe-n1n alloy, as shown in Fig. 
10(a), and decrease in saturation magnetization be
hveen 90 and 150 kbar is the result of the a'-y 
transformation . In the Fe-14Mn alloy, a significant 
decrease in saturation magnetization occurs below 
90 kbar. It is likely that the transformation was 
initiated below 90 kbar for the Fe-14Mn alloy. The 
decrease is saturation magnetization with shock 
pressure for the Fe-14Mn alloy is caused by the re
tention of the close-packed phase. 

IV. DISCUSSION 

A. Discussion of Experimental Results 

The denSity data, magnetic data, and microstructure 
all show that close-packed phases can be retained 
after shock loading if the unshocked specimens con
tained bcc martensite, with the manganese content 
in the range 4-16 wt%. Alloys which were slow 
cooled did not retain the high-pressure phase after 
shock loading because their bcc martensite contained 
less than 4 wt% Mn. In addition, the slow-cooled al 
loys already contained a close-packed phase prior to 
shock loading. Therefore, manganese in bcc mar-

Magnetization Density Magnetization 

3 .10 
6.50 

11.00 
13.50 

3 . 20 
24.00 
45 .00 
47.00 

30.10 25.00 
38.00 34:50 
49 . 20 44 .00 
49.20 45 . 00 

t en site, between 4 and 16 wt% stabilizes the high
pressure close-packed phases. It is of interest to 
calculate the amount of retained phases based on the 
different types of measurements. 

From the rigid- sphere model, a theoretical density 
change for QI- Y is 8.98% and for a - E is 9.12% . 
Using the density measurements of Table Il, the per
centages of retained high-pressure phases have been 
calculated as shown in T able IV. The amount of re
tained high-pressure phases can also be estimated 
from the magnetization measur ements, based on the 
difference in saturation magnetization between the 
shocked and unshocked specimens (Table IV). It is 
to be noted that the estimate of the amount of re
tained high-pressure phase from the density and 
magnetic data is the same. Table IT shows that all 
alloys, and even the pure iron, showed an increase 
in denSity after shock loading. It would appear that 
the density changes from 1. 0001 to 1. 0003 may be a 
result of microvoid coalescence .11.12 Possibly the 
density changes which were observed in the fu rnace
cooled alloys with 4-14 wt% Mu may be caused by 
very small amounts of retained high-pressure phases 
which were not detectable by the other methods of 

TABLE V. Retained high-pressure phases in alloys. 

Alloy 

Fe-32 Wt'k Ni 
(Re f. 20) 

Fe-Ni-C 
(Her. 20) 

Fe-7l\ln, Fe--1l\In 
(present work, 
Ref. 6) 

Fe-H~In 

Ti -l\lo (nef. 22) 

Ti- V <ner. 22) 

aLiquid-nitl"Ogen quench. 

Heat treatment 

LNQa 

LNQ 

"Vatcr quench 

- ----

LNQ 

LNQ 

Phase transformation 

a'-y 

a'-y 

a'-y 

a'-€ 

Habit plane 
and shear system 

~ (5~3la 

(llOly [lIoly 

(225)y 
(llO)y (IToly 

(l1~)y 

(l1l)y [12Ily 

(fI2)y(Fe-7l\ln) 
(111)y [f2I1y 
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