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Nonequilibrium Austenite Phase in Melt-quenched Fe-C-Mo and

Fe-C-W Alloys

Tetsuroh MINEMURA, Akihisa INOUE, Yaoshitaka KOJMA, and Tsuposhi MASUMOTO

Synopsis :

By melt-quenching technique, nonequilibrium austenite alloys possessing high strength and hardness
combined with good ductility have been found in Fe-G-Mo and Fe-C-W ternary systems. This forma-
tion region is limited to about 1.0~2.4 wt%C and 3~22 wt?%Mo for Fe-C-Mo and 1.0~2.4 wt%C

and 3~24 wt2pW for Fe-C-W.
diameter.

The austenite phase has ultre-fine grains of about 0.2 pm in
Their Vickers hardness and tensile strength increase with increase in the amounts of G

and Mo or W, and the maximum values attain about 710 DPN and 1450 MPa for Fe-C-Mo and

about 700 DPN and 1500 MPa for Fe-C-W, respectively.
and Mo or W contents and reaches about 29 for Fe-1.49,C-9%Mo and Fe-l .404,C-159%,W.

Elongation increases with decreasing C
The

relatively large elongation at low concentrations of C and Mo or W results from the transformation-

induced plasticity of austenite to martensite.

In addition,

the changes in microstructure and mech-

anical properties of the tempered austenitic alloys have been investigated and it has been observed that
a large secondary hardening occurs in a wide range of about 600~900 K for Fe-C-Mo and 500~900

K for Fe-C-W.

The hardening is due to bainite transformation from austenite to ferrite and M3C

in the temperature range from 500 to 700 K and due to the formation of carbide in the range from

700 to 900 K and martensite transformation after tempering.

attractive as fine. gauge high-strength materials.

1. #
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Thus the present alloys may be
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Fig. 1. Phase diagram of melt-quenched Fe-C-Mo
system together with Vickers hardness (DPN) (a)
and equilibrium phase diagram at 1273 K (b).
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system together with Vickers hardness (DPN) (a)
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Photo. 1. Microstructure

(a) bright field image, (b) selected area diffraction pattern.
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Fig. 3. Change in the lattice parameter of austenitic
Fe-C-Mo alloys as a function of molybdenum (a)
or carbon (b) content.
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Fig. 4. Change in the lattice parameter of austenitic
Fe-C-W alloys as a function of tungsten (a) or
carbon (b) content.
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Fig. 5. Change in the lattice parameter of austenitic
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Fig. 1 3 X0f Fig. 2 &R (a)icnd. EFeE 7 A
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THHD, CF IV Mo BB\ ik W BRI fEy 18
kL, wEf) 700DPN &35, Zh b O ek
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BDTIHN, 2~3EOBMETH B, WK, HE DK
TR IETHETROBREX BT B0, £TFE laty
Wi-h OF X OHKESY Table 1 R4, Eicit Fe-
C-Cr RIEFH 7 AHOMED LU IRvive 5121 X
5 Ni-Cr RA —2A7 71 VK KST 5ETEOYEY
HEOL-ORLTHSD. FEHr ELERITBETHED
R w BT B L Gt 36~49DPN/aty Th b, oo
Table 1. Increment of Vickers hardness (4Hv)

by solution of each alloying element in Fe-C-X
(X=Mo, W or Cr) austenite phase.

AHv (DPN/atg)

Present data Irvine et al.

C Fe-C-W 49
Fe-C-Mo 40 25~41
Fe-G-Cr 36
W 31 4
Mo 32 4
Cr 9 —
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Fig. 6. Tensile stress-elongation curves of austenitic
Fe-C-Mo alloys.
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Photo. 2. Microstructure of stress-induced marten-
site phase in austenitic Fe-1.695C-99,Mo alloy de-
formed by tension.
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Fig. 7. Changes in tensile strength (o¢) and 0.2%
proof stress (g,.,) of austenitic Fe-C-Mo alloys as
a function of the carbon or molybdenum content.
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Fig. 8. Changes in tensile strength (o¢) and 0.29
proof stress (o,.;) of austenitic Fe-C-W alloys as a
function of the carbon or tungsten content.
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alloys. a and a, are the lattice parameter of
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respectively.
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Fig. 10. Relation between 0.29, proof stress and
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Photo. 3. Microstructure showing the transformation to ferrite and M;C carbide in austenitic Fe-

1.49,C-15%W alloy on tempering for 1h at 673 K.

(a) bright field image, (b) selected area

diffraction pattern, (c) dark field image taken from the 121 reflection spot of M;C carbide.
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Photo. 4. Microstructurs in austenitic Fe-1.49%C-15%W alloy on tempering for 1h

at 873k and 973 k.

(a) bright field image, (b) selected area diffraction pattern at

873K and (c) bright field image, (d) selected area diffraction pattern at 973 K.
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Fig. 11. Change in the lattice parameter of matrix
in austenitic Fe-1.49,C-159%W alloy after tempering
at various temperatures for 1 h.
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Fig. 12. Schematic T T T diagram of austenitic

Fe-C-Mo or Fe-C-W alloys.
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Fig. 13. Change in Vickers hardness of austenitic
Fe-1.494,C-15%W and Fe-1.69,C-9%Mo alloys
after tempering at various temperatures for 1 h.
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