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formation is completed at Mf T~" point (i) and during 

releasing of pressure, E'-->a' transformation occurs because 

of passing through the Mf '~.' point (j). 

both rand E' phases were not detected 

In this work, 

In the X-ray 

analysis of all the alloys pressurized. Consequently, the 

only a' phase existed in these alloys at atmospheric pres­

sure as a result of r --> E' and c->a' transformation during 

the release of pressure or during cooling under high pres­

sure. It is thought that 41 kbar at which only plate-like 

structure was obtained corresponds to the condition of 3. 

On the other hand, the r--> <:' - a' transformation is ob­

served in Fe-Mn and Fe-Ni-Cr alloys even at atmospheric 

pressure.23Hl From this results, it can be considered that 

this pressure for these alloys is equivalent to condition of 

3 in Fig. 7. This fact means that the observation of the 

transformation caused in high alloy at atmospheric pres­

sure is also possible in low alloy under high pressure. 

It was described above that the plate-like structure of 

martensite is formed after r-->E' -->a' transformation under 

high pressure. Here, the following two processes produc­

ing this structure will be discussed. The first is a case 

in which the plate-like structure will be formed during 

tempering of E' phase at 300°C, which was precipitated 

in r--> <:' transformation during prior quenching. However, 

when the .' phase is reheated at 300°C, it must be trans­

formed to r phase at this temperature. Thus, the first 

case is not likely to occur. In the second case, considered 

that the structure will be as a result of formation of twin 

during the relief of strain which is accumlated around 

the lenticular structure due to the volume expansion in 

r->a' transformation. However, thi~ process is also un-
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Fig. 8. A schematic illustration of the region with various types of 
martensite on p oT diagram for a low carbon alloy. 
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likely to occur, because as the twin forms without the 

volume change, the pressure does not enhance the forma­

tion of twins. 

Finally, the results were summerized schmaticaly on P­

T diagram for low carbon alloy in Fig. 8. From this 

figure, the relationship between the process of transforma­

tion and various martensite structure, could be understood. 

5. Conclusion 

(1) The Ms-temperature was lowered approximately 40 

°C/ 10 kbar in all alloys pressurized in this experiment 

and its tendency was not singniticantly affected by alloy­

ing elements. 

(2) The difference between measured Ms-temperature 

and calculated one under the conditions of various was 

fluctuated between 30 to 60°C. It is, however, possible 

to estimate Ms-temperature of low alloys by using Pre­

dmore's equation. 

(3) The microhardness of martensite structures increases 

with an increase of pressure. This might be as a result 

of the lowering of Ms-temperature by prsssure, accom­

panying with the change of martensite structure. 

(4) The structural changes of martensite, caused by 

pressurizing can be explained qualitatively by poT diagram 

of iron. With an increase of pressure the change from 

packet structure to plate-like one was observed in the 

alloys containing carbon less than O. 3%. In the alloys 

containing carbon more than 0.3%, the change from 

mixed lenticular and plate-like structure to plate-Ike struc­

ture was observed. It is thought that the plate-like struc­

ture was observed in the martensite formed by r-E' -cl:' 

transformation. The pressure at which this structure ap­

pears, is affected by alloying elements and the effect be­

comes stronger in the order of Mn, Cr and Si addition. 
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- 2700XMn 
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List of Symbols 

a/~r 
d G (x, T, P) Free energy change for a-+r 

T Temperature (OK) 
P Pressure (kbar) 
XCr Atomic fraction of solute (Cr) 
Xc Atomic fraction of solute (C) 
XSi Atomic fraction of solute CSi) 
XMn Atomic fraction of solute (Mn) 
R Gas constant 
z 
s 

Exclusion parameter (z=s-l) 
Number of neighboring sites excluded 
cupancy of a given interstitial site 

Change in molar volume for a-+r 6> 

by the oc-


