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Formation of ¢ Phase in Fe-Mn Alloys Under High Pressure
and Its Stability Under Tensile Stress

Mitsutane ¥UuJiTA and Iku UcHrvama

Synopsis:

The Ag and M temperature in the martensitic transformation of Fe~-Mn alloys under hydrostatic pres—
sures up to 355 kbar were measured by the differential thermal analysis. The progresses of y%e and e—a
transformation as influenced by the pressure and temperature changes and the effect of the ‘tensile stress
on them were discussed from a thermodynamical point of view. The main results obtained are as follows:

1) The Ag and M, temperatures in the ya transformation of alloys containing 4-8%, or 6-76% of Mn,
by increasing the pressure, were lowered at an approximate rate of 40°C/10 kbar, while those in the y2e
transformation of alloys containing 6-76 to 28-249%, of Mn were raised at an approximate rate of 40°C/10 kbar.

2) The A and Mg temperatures calculated on the basis of the free energy changes of the phases were in
a good agreement with those observed.

3) The y—e¢ transformation progressed rapidly in the vicinity of the M7 % temperature and then gra-
dually with further decreasing the temperature.

4) In order to stabilize at the ambient pressure and temperature, the ¢ phase which had been formed by
pressurizing, it was required that the M7« and-the A*~7 temperatures of the alloy were lower and
higher, respectively than the room temperature.

5) The increase in the tensile strength was obtained only for the specimens in which the ¢ phase had
been formed by pressurizing. The reason for the increase in the strength was explained on the basis of
the thermodynamics for the y—e transformation undér tensile stress.
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Table 1. Chemical composition of specimens.

Mn C S P Si Phase*

5 | 4+80 |0-002 |0-003 |0-00! |0-006
-7 | 676 10004 |0-003 |0-001 [0-007
10 { 9-57 [0-003 [0-005 |0-002 [0-031
14 |14-06 {0-004 [0-006 [0-002 |0:013 |«

17 116-90 |0-005 {0-008 j0-002 |0°-010
M-19 |18-58 {0-004 {0-006 [0-002 |0-010
M-23 |22-65 [0-005 [0-008 {0-002 10-012
M-28 128-24 [0-007 [0-009 [0-002 |0-007
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* at room temperature and atmospheric pressure.
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(a) Piston-cylinder type apparatus.

(b) Pressure cell for measuring transformation temperatures
of specimens,

(c) Dimension of tensile test piece and a talc column for
treating the test pieces under high pressure.

Fig. 1. Schematic diagram of high pressure
apparatus. '
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Fig. 2. Effect of Mn content on the yZ2a, y e and
e« transformation temperatures in Fe-Mn
alloys at 1 atm and 35'5 kbar.
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Fig. 3. The differential thermal analysis curves obtained in M-7 (6°76% Mn) pecimen during

cooling from 900°C under various high pressures.

- Two exothermic reactions of 7—a

and y—e¢—a martensite transformation are recognized on the three curves at 22 to 29

kbar.
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Fig. 4. Effect of pressurc on transformation tem-
peratures of M-5 and M-7 specimens.

Photo. 1. Electron micrographs showing martensite
structure obtained at | atm (a) and 35°5°

kbar (b

) in M-7 (6-76%Mn) specimens.
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(a) The specimen was cooled after austenitizing at 900°C
for 10min. Both y—¢ and e—a transformations took
place. ' '
(b) The specimen was cooled immediately after reached to
austenitizing temperature of 800°C. Only y—¢ trans-
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Photo. 2. Electron micrographs of martensite stru-
cture in M-14 (14'069,Mn) specimens aus-
tenitized at latm.
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Fig. 8. Effect of Mn content on the amounts of 7,
e and a phases in Fe-Mn alloys which was
air-cooled from 900°C at 1 atm and then
pressurized.
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(a) The structture of y phase formed during air-cooling from
900°C at | atm. (M-28)

(b)- The structure of ¢ phase formed during pressurizing up

© ' to 355 kbar at room temperature. (M-28)

(c) The structure of ¢ phase formed during air cooling from
900°C at | atm. (M-17)

Photo. 3. Electron micrograph of the structure with
¢ phase obtained in M-28 (28-249;,Mn)
specimens,
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(a) By optical microscopy.
(b) By scanning electron microscopy.

Photo. 4. Surface relief appeared in M-28 (28°24%,)
specimen by pressurizing to 35-5 kbar at
room temperature.
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Fig. 9. Effect of pressure on hardness and tensile

properties in Fe-Mn alloys. The marks ([])
show the results obtained in specimens, which
were quenched from 900°C at 35-5kbar.
The marks ((®) are the results obtained
after pressure treatment at 35° 5kbar, follow-
ed by heat treatment at 250°C and 1 atm
to control the amount of ¢ phase to the
same extent in specimens which were cool-
ed at 1 atm.
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Fig. 10. Stress-strain curves for M-28 specimens which were treated at various pressures.
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 Fig. 11. Changes in the amounts of 7, ¢ and «a

phases due to tensile testing on Fe-Mn

alloys treated at 1 atm and 35-5 kbar,
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Fig. 12. The equilibrium temperature (7o) for y

Ja, 126 or e2a transformations in Fe-
Mn alloys.
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15. Relation between the amounts of ¢ phase
formed and the free energy change accom-
panying 7—e¢ transformation at cooling
temperature at 1 atm or treated pressure.
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Table 1. References of various parameters used to
calculate free energy differences between
a, v and ¢ phase in Fe-Mn alloy by the
regular solution model.

Transformation Parameter | Reference| Number
30 I
Ggo’
34 I
Ly 32 i
a—>y o
31 v
32 '
Q%3 Mn
31 )|
5 VI
GIy* :
6 Vit
7 Gln® 31 X
33 X
Q;e:‘Mn
31 X
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