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The Effect of Carbon on the Properties of 25Cr-20Ni Heat Resisting Steel.
Takashi Tsucurva, Yosuke MATSUMOTO and Shigehiro INOUE

Synopsis:

The effect of carbon on the mechanical properties at room and high-temperature of 25Cr-20Ni steels
was investigated for sand mould ordinarily cast, metal mould centrifugally cast and forged specimens.
For the ordinarily cast specimens heating-cooling repeat tests and oxidation tests were also carried out
to investigate the influence of carbon on thermal fatigue strength and oxidation resistance.

The results obtained were as follows:

1) Ferrite and sigma phases were appreciated in the as-cast microstructure of the ordinarily cast
specimen with 0°05% of carbon. The carbides observed in another as-cast specimens were identified
as Mg3Cs and M;Cs by X-ray diffractions of electrolytically extracted residues, of which M;C; increased
with increasing carbon content and none of M;C; was identified above 0°759 of carbon. It was
reduced that My3Cg was stable in 25Cr-20Ni cast steel, because of the transformation of M;C3 to My3Cg
at high-temperature.

2) At room-temperature, as the carbon content of both cast and forged specimens increased, hard~
ness and yield strength increased and ductility adversely decreased. In ordinarily cast specimens tensile
strength was maximum at 0°279% of carbon and above 0°479 of carbon the strength remained nearly
constant as well as that in centrifugally cast specimens. The tensile strength of forged specimens inc-
reasing with increasing carbon content. Generally forged specimens showed the most excellent pro-
perties at room temperature.

3) At 871° and 982°C tensile strength increased with increasing carbon content in all. On the whole
the tensile properties of centrifugally cast specimens were better than those of ordinarily cast at high
temperature, but such excellence of forged specimens in the properties as appreciated at room tem-
perature had not been already observed at 871°C.

4) The stress rupture strength of ordinarily cast specimens was effectively improved with increasing
carbon content from 0°05 to 0:959%, up to about 3000hr at 871°C and about 1000hr at 982°C, over
which the strength decreased more or less above 0°759, of carbon because of the coarsening of secon-
dary carbides and the agglomeration of primary carbides. In the forged specimens such carbon effect
on the strength was not appreciated. The strength of centrifugally cast specimens was more excellent
than that of ordinarily cast, and forged specimens showed the extremely inferior strength compared
with cast spemmens

5) It was deduced that the thermal fatigue strength of 25Cr-20Ni cast steel was improved by addi-
tion of carbon to about 0°59,.

6) . The increasing of carbon to a proper content in order to improve high-temperature strength
would not bring about the decrease of oxidation resistance in 25Cr-20Ni cast steel.

(Received 25 March 1966)
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Table 1. Chemical composition of specimens (%)

No. of specimens® C Si Mn Cr Ni Mo \ P ‘ S ‘ N
KC-1 005 | 1-12 | 1-11 | 25'31 | 20°47 | 0°05 | 0010 | 0-002 | 0°022
KC-2, X boos 0-27 | 104 | 1-11 | 25'33 | 2037 | 0-06 | 0-011 l 0-003 | 0-034
KC-3 KF-I3 } } : } . : : : .
K3, KF.23 047 | 095 | 1-07 | 2517 | 20-60 | 0-06 | 0013 | 0-004 | 0-058
KC-4 KF-14 . : } . i . 014 | o .

K P4, K F_o4 075 | 0-84 | 099 | 2529 | 20-58 | 0°05 | 0°014 | 0-004 | 0-058
ﬁégﬁ:g 0-95 | 089 | 0-98 | 25-19 | 2017 | 0°05 | 0-012 | 0-005 | 0-058
[

# KC; Sand mould ordinarily cast specimens,

KP; Metal mould centrifugally cast specimens,

KF; Forged specimens with forging ratio of 2:5 for KF-12~14 and 7 for KF-22~24.

Table 2. Results of X-ray identification for residues
electrolytically extracted from 25 Cr-20 Ni
ordinarily cast specimens in as-cast and
stress—ruptured condition.

For residues from

No. of speci- |For residues from s stziisﬁ‘:p:%rgzdo G

mens from as—cast specimens pecime _83’ 2
that residues underf lstrkgignm
were extracted o ©ss
Phases Intensit Phases Intensit
identified Y|identified Yy
40
KC-1 g
. g 100 Mgg C 6 50
(0-05% C) M, C; Trace
KC-2 Ma;Cg 60 B .
(0:279,C) | M; C3 50
KC-3 M;3Cg 60 _ _
(0-479,C) | M; C; 60
KC-4
(0°75%C) M; C; 90 M,y Cq 100
KC-5
(0-959,C) M; C; 100 — —

*> Ruptured afted 749 and 1764 hr. respectively
for KC-1 and KC-4.
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(a) KC-1 (0-05%C)
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Photo. 1.

specimens in as-cast condition.
1024, CrOj solution, X 550) (9/10)

(b) KC-2 (0-27%C)
(d) KC-5 (0-95%C)
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(a) KF-22 (0-27%C, forging ratio 7)
(b) KF-23 (0°47%C, forging ratio 7)
{(c¢) KF-13 (0-47%C, forging ratio 2°5)

Photo. 2. Microstructures of representative 25 Cr
20 Ni forged specimens as cooled in air
from 1100°C. (Electrolytically etched
by 109, CrOj; solution. = x$50) (9/10)
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Fig. 1. Relation between mechanical properties and C content of 25 Cr-

20 Ni steels at room temperature.
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(a) KC-2 (0-279%C)

Photo. 3. Microstructures of representative ordinarily cast specimens
(Etched by 109, CrQs,

after tensile test at 871°C.
x 550)(9/10)

(b) KC-3 (0-47%C)
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of 25 Cr-20 Ni steels at room temperature and at 980°C.
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Fig. 4. Stress-rupture time curves for 25 Cr-20 Ni ordinarily cast specimens of varying C content..
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(a) KC-2 ruptured after 1,178hr under 3-5 kg/mm? of stress.
(b) XC-3 ruptured after 38-2hr under 7°7 kg/mm?2 of stress.
(c) KC-3 ruptured after 8,785hr under 3-5 kg/mm? of stress.
(d) XKC-4 ruptured after 6,118hr under 35 kg/mm? of stress.

Photo. 4. Microstructures of representative ordinarily cast specimens stress—
ruptured at 871°C.
(Etched by 109, CrO; Xx550) (9/10)
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(d) KG-5 ruptured after 5,624hr under 1°5 kg/mm?2 of stress.
Photo. 5. Microstructures of representative ordinarily cast specimens
" stress-ruptured at 982°C.
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KP-3 ruptured after 959 6hr undcr 5-46 kg/mm2 of stress at 871°C
KP-3 ruptured after 1,442hr under 2°5 kg/mm?2 of stress at 982°C.

KP-5 ruptured after 1,932hr under 5°46 kg/mm? of stress at 871°C. S
(d) KP-5 ruptured after 1,286hr under 2°5 kg/mm?2. of stress at 982°C. . . . . X V% z < ’ fﬂfﬂﬂf ol » L
3 Photo. 6. Microstructures of representative centrifugally cast specimens - 7> ZRRIEMDOERE D 57 ME
' stress-ruptured at 871° and 982°C. M2 %. &k, ERERTo 2

(Etched by 109 CrO; x550) (9/10)
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Fig. 7.

Relation between rupture elongation and rupture time of 25 Gr-20 Ni- ordinarily cast specimens.
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