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Nonequilibrium Austenite Phase in Rapidly Quenched Fe-Cr-C Alloys

Tetsuroh MINEMURA, Akihisa INoUE, and Tsuyoshi MASuMOTO

Synopsis:

By rapid quenching technique, nonequilibrium austenitic alloys with high strength and hardness have
been found in Fe-Cr-C ternary system. This formation region is limited to about 1.0~2.2 wt2,C
and 7~30 wt%Cr. The austenite phase has ultra-fine grains of about 0.2 pm in diameter. Their
Vickers hardness, 0.29, proof stress and tensile fracture strength increase with increase in the amounts
of C and Cr, and the maximum values attain about 630 DPN, I 500 MPa and 1 550 MPa, respectively.

These alloys are so ductile that no crack is observed even after closely contacted bending test. In
addition, the changes in microstructure and mechanical properties of the tempered austenitic alloys have
been investigated and it has been observed that a large secondary hardening occurs at about 870K
due to phase transformation from austenite to equilibrium structure of ferrite and M.C; pearlite.

Thus the present alloys may be attractive as a high-strength wire or plate.
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Fig. 1. As-quenched structures and equilibrium
structures at 1423K in Fe-Cr-C system,
(a) as—quenched phases, (b) equilibrium
solidus phases.
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Photo. 1. Microstructure of austenite in as-quenched Fe-172,Cr-1.69,C alloy.
(a) Dright field image, (b) selected area diffraction pattern.
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Fig. 2. Change in lattice parameter of austenitic
Fe-Cr-C alloys as a function of carbon
content.
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Fig. 3. Change in lattice parameter of austenitic
Fe-Cr-C alloys as a function of chromium
content.
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Fig. 4. Composition dependence of Vickers hard-
ness of austenitic Fe-Cr-C alloys.
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Fig. 6. Changes in Vickers hardness and 0.29;
proof stress of austenitic Fe-Cr-C alloys
as a function of carbon content.
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Fig. 7. Changes in Vicker; hardness and 0.29
proof stress of austenitic Fe-Cr-C alloys
as a function of chromium content.
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Photo. 2. Microstructures of austenitic Fe-179,Cr-1.694;C alloy tempered at various temperatures
for 1h. (a) 773°K (b) 823°K (c) 873 °K (d) 973 °K.
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Microstructure of austenitic Fe-179,Cr-1.69,C alloy tempered at 823 K for 1 h.

(a) bright field image, (b) selected area diffraction pattern.
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Fig. 8. Change in lattice parameter of matrix in
austenitic Fe-179,Cr-1.69,C alloy during
tempering at various temperatures for lh.
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Fig. 9. Change in Vickers hardness of austenitic
Fe-179,Cr-1.69,C alloy during tempering
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AL L v DA ¥ Mo MGy ofItR{ibH D
SR DTS AREkERE LT 5. fnk, BHE
BRI OTID LS IeiTEMRT 22 LIXTE T
ote. HMBTREETHE, BHETH S a OB TFTERIIL
0.2867 nm TH 5. = DfHIL a-Fe DfELIZIFRA L TH
D, SLEERETED ELTHELR L.
3.4 Fe-Cr-C RA—XFF+4 FASDEHELICEKS
BHRAMEOEIL

M CABT X VI EE r IR C0BOED E L
M ERRR XD q+M7C3 DFEHHE~BETAHZ &
R L. 22T oMbt > BB ZL
%R4. Fig. 9 13 Fe-17%Cr-1.6%C #— A5 51 |
Léh 373~973°K T 1hed & LEEOY , » — RE
XDEER T LT\ 5. Z8IREETOR X (I 480DPN)
13 473°K BHE ThTHRIET T 50 773°K F TR &

— 8l —



388 g & &

% 66 4 (1980) 43 =

1800~ : T T
£=17x10%s o j
E 1600} / \)
S Lol o Ve %
@ t 2 /\
@ O———O0———0 \
— ®. @ Y
5 1200F oz \ .
] P
1000 —H20%
s
b= n -1, ;
e £p :(/ 1.5 g
Oe——"" \D/n 10 g
- =11 u
AR
L o Jdos 5
D/ 05 E
o

c 1 1 1 0
273 473 673 873 1073
-~ Tempering Temperature (K)

Fig. 10. Changes in tensile fracture stress (g¢), 0.2
% proof stress (g4.,) and plastic elonga-
tion (ep) of austenitic Fe-1795Cr-1.69,C
alloy during tempering at various temper-
atures for lh.
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Fig. 11. Changes in tensile fracture stress (o), 0.2
% proof stress (gq.,) and plastic elongation
(ep) of austenitic Fe-179,Cr-1.69,C alloy
by tempering at 973°K.
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