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The Ms-Temperature and the Martensite Structure of Fe-C
Alloys Containing Mn, Si or Cr under High Pressure

Mitsutane Fujita, Iku UcHIYAMA, and Masatoshi SUZUKI

Synopsis:

The effect of Mn, Si or Cr on the Mg -temperature and the martensite structure of Fe-0-3%C alloy
were examined under hydrostatic pressure up to 41 kbar using a “‘girdle’” type high pressure apparatus.
The results obtained are as follows;
(1) The Mg -temperature was lowered approximately 40°C/10 kbar in all alloys and its tendency was
,not significantly affected by alloying elements.
(2) The measured Mg—temperatures at 1 atm (=0-001 kbar), 29 and 385 kbar are in reasonable agreement
with those calculated by the Predmore’s equation concerning the free energy change for y—« transformation.
(3) The plate-like structure was observed as a result of the martensite transformation above 38-5 kbar.
The reason for the appearance of this structure can be explained qualitatively by P-T diagram of iron.
(4) The hardness of martensitic structures increases with an increase of pressure. This tendency can be
interpreted by the fact that the M —temperature is lowered by pressure, accompanying with the change
of martensite structure.

(Received May 11, 1973)
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Table 1. Chemical composition of specimens.

C Si Mn P S Cr
A-2 028 0'001 0-004 0-001 0:002 —
A-4 0-42 0°001 0-001 0-001 0-003 —
C-1 035 0:010 0-003 0-001 0-004 0-54
C-2 0-38 0-009 0-001 0-001 0-005 1'06
C-3 0-37 0-008 0-002 0-001 0-006 1:60
M-1 0-26 0-004 0-32 tr 0-005 —
M-2 0-26 0-001 0-59 tr 0-005 —
M-3 0-23 0-001 137 tr 0-005 —
S-1 0-30 0-58 0-02 0-001 0-004 —_—
S-2 0°30 0-98 002 0-001 0-004 —
S-3 0°35 1:51 0005 0-001 0-004 —
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Fig. 1. The M, temperature in Fe-C-Cr alloys under
various pressures. The broken line shows the
M of Fe-C-Cr alloys at latm corrected only
as to the carbon of 0-32,C by the

Steven’s equation23),
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Fig. 2. Effect of pressure on Mg temperature for
various Fe-C base alloys.
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Table 2. Comparison of calculated and experimental
Mg-temperatures (°C) under various

pressures.
1 atm 29 kbar 38°5 kbar
cal exp | cal exp | cal exp

430 {400 | 320 | 280 | 280 | 240
375 | 340 | 270 | 240 | 230 | 210
395 | 350 295 | 245 | 255 | 190
390 | 340 [ 270 | 245 | 230 | 185
380 | 335 {260 |235 | 230 | 180
430 | 400 | 330 | 290 | 295 | 240
425 | 385 | 325 | 275 | 290 | 235
405 | 375 (305 | 265 | 270 | 220
425 | 360 | 325 | 275 | 290 | 230
425 | 360 | 325 | 275 | 290 | 220
375 | 340 | 270 | 240 | 230 | 210
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cal=calculated by Predmore’s equation?’. exp=experimental
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Photo. 1. Effect of pressure on martensite structure

in Fe-0'269,C-0°599,Mn alloy(M-2).
(a) latm (b) 29kbar (c) 38 5kbar
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Photo. 2. Transmission electron micrographs of Fe-
0-359,C-1-5194Si alloy (S-3).
{a) Lath martensite, 1 atm
(b) Internally twined martensite, 29kbar
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Photo. 3. Transmission electron micrographs of plate-like martensite in Fe-0-2394C-1-372,Mn

alloy (M-3) quenched to 200°C and tempered at 300°C for 2 min at 38°5 kbar.

(a) and (b) Tempered regions.

(c) and (d) : Martensite formed from untransformed austenite.
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Photo. 4. Effect of pressure on martensite microstruc-
ture in Fe-0-289,C alloy (A-2).
(a) Packet structure (P), quenched to
230°C at 29kbar.
(b) Packet (P) and plate-like (E).stru-
cture, quenched to 220°C at 38°5 kbar.
(¢) Plate-like structure (E), quenched to
180°C at 4lkbar.
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Fig. 3. Effect of pressure on martensite structure
in some alloys.
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Fig. 4. Effect of M, temperature on the microhard-

ness of martensite formed in low alloys
(Fe-0-325C-X).

Hviz/e % &0 5 BB EE LR34 b 5 %3, 38" Skbar
CHELTD BEEFIZIZEAE Abhkvy. —F,
0:3% DLEOREX ST M; SOETELEDBIT
(FE 38-5kbar % TEHEIC 10 kbar H7- V%7 25 Hv
OWX EREBRLLNRS. Tk, FEAoHEmck?
M, SOEKTEwVFo94 MRS XCEEOZE{LE
O T ESEES S5 T &%, R—HHoER» L
PR S hi.

— 63 —



64 & & @

60 4 (1974) E1 2

e

A T

.

. .l P
: 1;‘: 5 o

= #
Pt

Photo. 5. Change of martensite structure in Fe-0-2394C-1'379,Mn alloy (M-3) quenched to
temperatures within an expected range of martensitic transformation and tempered

at 300°C under high pressure.

(a) quenched to 225°C at 29kbar,

(b) 230°C, 33kbar, (c) 180°C, 36kbar,

(d) 200°C, 38-5kbar, (e) 150°C, 4lkbar.
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Photo. 6. Effect of pressure on microstructure of mar-
tensite in Fe-0:379C-1-609,Cr alloy (C-
3) quenched to various temperatures and
then tempered under high pressure.
(a) quenched to 210°C at 29kbar,
(b) 160°C, 38-5kbar.
(c) 150°C, 4lkbar
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Mixed structure of lenticular (L) and pla-
te-like (E) martensite in Fe-0-359,C-1-51
25Si alloy (S-3) quenched to 150°C and
tempered for 2 min at 300°C at 4lkbar.
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Fig. 5. P-T phase diagram of iron and effect of
pressure on Mg temperature of Fe-0-289,C
{A-2) and Fe-0-429,C (A-4) alloys and

iron.
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1:51968i (S-3) [(c) and (d)] alloys at 38 5kbar, quenched to (a) 160°C, (b) 140°C,
(c) 200°C and (d) 160°C.
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Fig. 6. Effect of pressure on free energy curve
(4G7>%") of Fe-0-429,C alloy (A-4).
Experimental M points were also plotted.
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Fig. 7. A schematic illustration of P-T diagram
on martensitic
alloy.
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XSI
XMn

Atomic fraction of solute (C)
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Exclusion parameter (z=s—1)
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