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On the Heat-Treatment Characteristics of Containing Silicon-
Nickel-Chromium-Molybdenum Carburizing Steel

Takeshi NAITO and Yasutada KiBavasar

Synopsis:

High silicon carburizing steels were developed and tested in order to increase the pitting resistance and

the fatigue life of heavy duty gears.

The results are summarized as follows;

(1) Effects of silicon on the amount of retained austenite and on A point of the carburized layer were
not found by X-ray and dilatometric methods.

(2) Surface carbon content and carburized depth of these stecls decreased with increasing silicon content.
But the hardenability increased with silicon addition.

(3) Surface hardness, rolling fatigue life and toughness of these carburized steels were improved by
silicon addition.

(4) Rapid heating and quenching after carburizing gave better qualities to those steels compared with
slow heating and quenching.

(Received July 12, 1971)
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Table 1. Chemical composition of steels (95).
Mark C Si Mn Ni e | Mo | Al O (ppm)
2S 0-22 0-21 0-46 i-14 0-56 0-27 0-04 102
6S 0-21 0-61 0-85 1-17 0-87 0-28 0-07 107
9s 0-22 0-90 \ 0-91 1-18 0-87 0-28 0-05 96
IS 0-22 116 0-58 0-89 0-87 0-25 008 49
12S -1 0-24 1-20 0-57 0-87 0-95 0-29 005 90
125 -2 0-22 1-24 0-91 1-16 0-86 0-27 0-06 101
12S -3 0-19 1-24 1-20 1-12 0-57 0-27 0.02 101
178 0-20 1-74 0-93 1-16 0-87 0-27 008 99
198 0-19 1-94 1-18 1-10 0-59 024 0-03 72
258 0-19 2-48 1-18 1-12 0-60 0-24 0-02 40
. 358 0-20 3-50 1-18 1-09 0-58 022 0-02 34
SNCM 23 H-K 0-21 0-24 0-60 1-82 0-63 } 0-21 0-09 2O(§%6)
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Fig. 2. Relation between transformation temper-
atures, hardness and silicon content of the
carburizing steels.
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Photo. 1. Microstructure of the carburizing steel
25S austenitized for 30 min at 850°C
and oil quenched.
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. Concentration of carbon, silicon and nickel
in ferrite and austenite phase obtained by
EPMA scanning.

Specimen: Steel 25S austenitized for 30 min
at 850°C and oil quenched.
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Fig. 4. Structural diagrams of silicon bearing steels
carburized at high temperature.
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Photo. 2. Microstructures of the carburizing steel 7

125-3 oil quenched from the temperature
indicated after holding for 30 min.
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Fig. 5. Effect of silicon on ferrite grain size of the
steel slowly cooled from 900°C.
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Fig. 6. Effect of silicon on Jominy curves of the
steels end-quenched after holding for 30
min at 880°C.
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Fig. 7. Some mechanical properties of the steel oil
quenched from 750°C and 850°C after
holding for 15 min and tempered at 130°C
for 4 hr,
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Photo. 3. Electron micrographs of the steels SNCM
23H-K and 9S.
(a): SNCM23H-K, water quenched from
750°C after holding for 15 min.
(b): 95 (0-909, Si), water quenched
from 750°C after holding forl5 min.
Both specimens were tempered at 130°C

for 4hr.
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Fig. 8. Effect of silicon content on the case depth
of the steel carburized by the gas with
various carbon potentials at 935°C for 6hr.
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Fig. 9. Effect of silicon content on the surface car-
bon content of the steels carburized by the
gas with various carbon potentials at 935°C
for 6hr.
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Fig. 10. Effect of carbon and silicon contents on
the M; temperature of the steel austeni-
tized at 850°C for 30 min.
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0-409, were prepared by uniformly car-
burized specimen for Formastor-F.
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Fig. 11. Effect of surface carbon content on the

amount of retained austenite in carburiz-
ed surface of the steels with different
silicon content, oil quenched.
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Fig. 12. Effect of surface carbon content on the
hardness of carburized surface of the
steels with different silicon content, oil-
quenched.
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Fig. 13. Difference in hardness and carbon distri-

butions in carburized case of SNCM23H
-K and 125-2 steels quenched directly
after carburizing at 935°C for 6hr.
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14. Hardness of the steels oil-quenched and

tempered at¥various temperatures.

Rapid heating: Preheated at 600°C and
dipped into salt bath hold-
ing at 800°C for 2 min.
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lowed by holding for 30
min at 850°C, and oil-
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15. Statical bending properties of the steels

carburized at 935°C for 6hr, followed by
direct oil-quenching and tempering at 160

°C for
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Fig. 16. Relation between statical bending proper-
ties and hardness of the steel 11S austeni-
tized with rapid heating or slow heating,
followed by oil-quenching and tempering.
Rapid heating and slow heating are the
same to Fig. 14.
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Fig. 17. Results of rolling fatigue life test of the
steels carburized at 935°C for 6hr, fol-
lowed by direct oil-quenching and temper-
ing at 160°C for 3hr.
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Fig. 18. Results of rolling fatigue life test of the
carburized steels SNCM23H-K and 118
quenched and tempered after austenitized
with rapid heating, followed by oil-
quenching and tempering.
Carburizing: 935°C for 6hr

with 0°159, CO,.
Carbon content of the surface: 0-769;
Rapid heating for austenitizing: 4 min at
800°C for SNCM23H-K, 5 min at 800°
C for 118.
Tempering:

in the gas

130°C for 4hr.
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(Ef) ZTRYUMAEH)TER BrIEE
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(EZ)
935°C iz T 13-5hr 2 RikEr (25 b, ik 4 5hr)
TV HE, O 850°C zinzt L 30min £ L
T, WA LARBHC VW THEMEEBHE L. TOH
B, SNCM23H-K 5 XU Si 24 8HPLHiCH
HAEIIE®E®» bR, Photo. 113 SNCM23H-K & 12
S-2 e LRERLBLARESOEMEEBKTH 5.
ZH» 5 000lmm ¥ CTREBEEbLhv (5. Ly
L, ERFEEAND S BE0E b EICEFHEIE
CRtTwiwi Z e REIhir»rok.

(a)

(b)

G-I

X400 (4/5)
Microstructures of the steels (a): SNCM
23H-K and (b): 12S-2.
Heat-treatments,
Carburizing: for 9hr at 935°C.
Diffusion treatment : for 4-5hr at 935°C.
Quenching : in oil, after reaustenitizing at

850°C for 30 min.

Photo. 1.
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