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Oo Structural Diagram of Austenitic 25% Cr-20% Ni-Fe-C Type Alloys

Kazuyoshi NISHINO and Naohiko Kacawa

Synopsis:

To establish the structural diagram of 25% Cr-209,Ni-Fe-C alloys in which carbon content is lower than
2.4wt%, were studied thermal characteristics such as melting temperature, carbide solubility in austenitic
phase, and stability of carbides and sigma phase. In addition to the sectional diagram shown in Fig. 16
in the text, the remarkable results are as follows.

(1) The solubility of My,C; type carbide in austentitc phase is shown by

— 6100

log C=———1340

T

where C is the carbon content (wt%) in solid solution and T the absolute temperature

(2) Sigma phase precipitates within austenite phase in the alloys of lower carbon content. On the other

hand, in the case above about 0:25%C, it is likely that M,,C, type carbide transforms to sigma phase.
(Received March 10, 1971)
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Table 1. Chemical compositions of allos used (wt 25) .

Alloy No C Cr Ni Si Mn P S N
1 0-005 23-84 20°60 069 1-45 0-018 0-008 0-006
2 0-05 23-80 21°90 0:70 142 0:015 0:010 0-027
3 0-14 23-43 1971 110 120 - 0-014 0°009 0-033
4 0-21 24-83 2040 0-80 0-84 0-016 0-010 0-018
5 0-29 26°02 19-82 110 1:06 0-016 0-018 0-017
6 0-36 25:02 20-30 0-94 1-12 0-016 0-016 0°029
7 0-44 2513 20-20 1-08 0-88 0-015 0-011 0-019
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Fig. 1. Thermal analysis curves on cooling in 259,
Cr-209;Ni-Fe-C alloys of the indicated
carbon contents.
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Photo. 1. Solidification structures of 2594, Cr-209,Ni-Fe-C alloys.
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Fig. 2. Beginning and finishing temperatures of
solidification versus carbonfcontent in 259,
Cr-20%Ni-Fe-C alloy thermal: analysis
on cooling.
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4. Melting temperatures’ versus carbon content
in 259,Cr-209,Ni-Fe-C- alloys.
Curve (a) indicates finishing temperature
of solidification obtained by thermal analy-
sis on cooling.
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5. Quantity of extracted carbides versus heating
time at the indicated temperatures in 25%
Cr-209,Ni-Fe-0-509,C alloys.
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Fig. 7. Quantity of carbide versus carbon content
in 259%Cr-209Ni-Fe~-C alloys heated at
1 000°C for 100hr.
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Table 2. Quantity of carbides measured microscopi-
cally in 2595 Cr-209, Ni-Fe-C alloys heated
at 1000°C for 100 hr and water quenched.

Carbon
content

in alloys | G. B. Carbides |Granular carbi-a volos | wt %

Carbides in alloys

(wt.9%) | (1) (area?p) |de(2) (area?s)
0:05 0-3 0 0-3 (027
0-14 2-2 0 2:21 20
0-21 2-9 1-2 30 27
0-29 4-1 1-8 4-31 3-8
0-36 55 2-1 5-8 1|51
044 7°1 1-9 7-3|6'5

(1) Platelike and coarse carbides along grain boundaries.
(2) Carbides within grains.

Table 3. Solubility of carbon in austenite of
252, Cr-209, Ni-Fe-C alloys.

Temperature (°C) Solubility (wt2p)

700 : 0-002*
800 0-006*
900 0°'015%

1 000 0-040

1100 0-095

1 200 0-160

1 300 0-245

* Sigma phase co-exists.
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Photo. 2. Carbide precipitated in 259,Cr-209,Ni-Fe-C alloys heated at 1 000°C {for 100hr.
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Fig. 10. Structural diagram of 25%Cr-209,Ni-Fe-C alloys.
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Table 4. Characteristics of carbides extracted from 259, Cr-209, Ni-Fe-C alloys.

CarEon
content in
alloys (wt 25)

Heat- Kind of
treatment* carbide

Lattice
parameter of
carbides (A)

Chemical analysis (wt %)

C Cr Ni ~Mn Fe N

0-21 1000°C x100hr | M,,Cg

10-6430-01 | 560 | 73-03 | 3-21 0-85 16-03 | 0-0l

0.36 1000°C x 100hr | MGy

10:6540-01 | 570 | 74°50 | 2-14 0-61 15-19 0 08

1 000°C x 100hr | My, Ce 10654001 | 559 | 75-04| 322 | 0-41 | 1561 | o0-01
04 : '

1300°C X 20br | MG, | 2 lj_gfig_gf 8-86| 73-83| 075 | 0-77 | 16:97 | 003
184 |1200°C x20hr | MG, | 2 lilggitgjgf 889 | 6960 | 0-70 | 0-41 | 19-46| 0-05

* Water quenched after ‘heat treatment.

(Aa)

Carbon content {wt%)
T
/V

(B)

[0)5) é/lo //x/ I
o zeoe

Fraction of M. Ce type carbide
|

.
Sk °
r / a BOO°C
x 750°C
_/\’
0 [ ST 100 | 000

Heating time (hr)

(A) Carbon content in extracted carbides versus heating
time at 850°C.

(B) Fractional change ofM;3Cs carbide with heating
time.

Fig. 11. Carbide reaction from M;C3 to MyGg in
259,Cr-209;Ni-Fe-0-449,C alloys at the
indicated temperatures.
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Fig. 12. Precipitation of sigma phase at 770°C in
259, Cr-209;,Ni-Fe-C alloys of the indi-
cated carbon contents.
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Fig. 13. Range of sigma phase in 25%Cr-20%
Ni-Fe-C alloys after heating for 32 000hr,
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A : Sigma- phase precipitated within grains.
B : Sigma phase precipitated around or within grains,

Fig. 14. Quantity of sigma phase versus carbon
- cuntent in 25%Cr-209;Ni-Fe-C alloys
after heating at the indicated tempera~-

tures for 32 000hr,
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Fig. 15. Structure diagram.of 259, Cr-209,Ni-Fe-C
alloys.
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a :0°05%C b :0'21%C

c :0°35%C

¢ :0°449C

Photo. 3. Sigma phase precipitated in 259, Cr-209,Ni-Fe-C alloys heated at770°C

for 23 0GOhr,
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