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Effect of P and C Segregation and Grain Size on Bending Strength of
the Carburized and Induction Hardened Steel ‘

Nobuhiro Mural, Toru Takayama, Masahivo Arai, Yoshihiko Kamapa, Mitsuo Uno,
Kazuyuki Orita, Takashi Masaxi, Yukio Armvi and Akira Mutacami

Synopsis : In order to increase the bending strength of automotive differential gears, a new heat treatment, where induction
hardening is carried out after carburizing, was studied. The bending test specimens of a modified JIS SCMR22 grade
were gas-carburized, followed by quenching, induction hardening and low-temperature-tempering.

Induction hardening after carburizing prevented intergranular fracture of the case. The results of Auger electron
spectroscopy showed that induction heating decreased the phosphorus and carbon segregation at the austenite grain
boundaries, which is the cause of the case intergranular embrittlement of carburized steels. The calculation of the
diffusion distance indicated that the duration of the induction heating was too short for phosphorus and carbon to re-
segregate fully to the austenite grain boundaries which were reproduced during the heating.

Such reduction in segregation and the austenite grain refinement in the case of the carburized and induction hardened
steel increased the bending strength by the amount of 36 per cent.

Key words : heat treatment ; carburizing ; induction hardening ; low alloy steel ; diffusion ; segregation ; fracture ; mechanical testing.
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Table 1. Chemical composition of test steel. (mass%)

C si Mn P N Ni Cr Mo  solAl N

0.20 0.08 0.75 0.016 0.026 0.03 1.02 0.42 0.024 0.0110

Tk 84S H 2 B2 TFH 94 1 H14H Z# (Received on Aug. 2, 1996 ; Accepted on Jan. 14, 1997)
% {ERAR T () A AT 2R (Corporate Research and Developement Laboratories, Sumitomo Metal Industries, Ltd., 1-8 Fuso-cho Amagasaki

660)

* 2 HEREIR TG MRBELAT (Kokura Steel Works, Sumitomo Metal Industries, Ltd.)
% 3=V ST — b v 4 LHHE (Powertrain Production Engineering Dept., Mazda Motor Corp.)

* 4 (BR) o — M 248

4 — M 4iiF (Autozam Nougata, Autozam Fukuoka Co., Ltd.)
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Fig. 1. Schematic drawing of the bending test speci-
men. Dimensions in millimeters.
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(a) Schematic drawing of the bending test apparatus
(b) Strain - time diagram

Fig. 2. Bending test method and strain at the notch

root of the bending test specimen. Dimen-
sion in millimeter.
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Fig. 3. Schematic drawing of the Auger test speci-
men which was machined from the bending
test specimen. Dimensions in millimeters.

Table 2. Conditions of heat treatment.

Gas-carburizing Induction hardening Tempering
T1 T4
T3 T5
CP1 cp2 12
t1 t2 t3 t4 t5 t6 t7
c D TFC 1 Voq(393K) 7 1 0Q(353K) AC
Heat T1 t1 CcP1 t2 CP2 t3 T2 Heat t4 T3 t6 té T4 Heat T5 t7
(E)  (ks) (mass¥%)(ks) (mass¥)(ks) (K) (s) (K) (s) (s) (K) (K)  (ks)
A 1213 14.4 0.90 10.8 0.70 1.8 1173 1 32.0 1123 8.0 5.0 1313 a 453 7.2
2 32.0 1123 12.0 9.0 1423
B 1193 10.0 1.10 8.3 0.90 1.8 ‘1123 3 14.0 1173 0 0 1173
4 14.0 1173 8.0 5.0 1423
C : Carburizing CP1 : Carbon potential for carburizing AC : Air cooling
D : Diffusing CP2 : Carbon potential for diffusing
FC : Furnace cooling 0Q : 0il quenching
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(a) A (As-carburized (CP2 = 0.7mass%))
(b) A1 (Carburized (CP2 = 0.7mass%) and reheated at 1313K)
(c) A3 (Carburized (CP2 = 0.7mass%) and reheated at 1173K)
(d) B (As-carburized (CP2 = 0.9mass%))

(e) B1 (Carburized (CP2 = 0.9mass%) and reheated at 1313K)
(f) B3 (Carburized (CP2 = 0.9mass%) and reheated at 1173K)

Fig. 4. Extraction replicas from the case of the
bending test specimens.
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Table 3. Case and core properties of the bending test specimens.

Heat Heat treatment Surface Surface Core Retained Residual
CP1 CP2 t6 T4 C content hardness ECD hardness AGSN austenite stress
(mass¥) (s) (K) (mass¥) (mm) HY (%) (MPa)

A 0.9 0.7 0.63 730 1.04 404 7.7 10.5 -365

Al 0.9 0.7 5.0 1313 0.64 730 1.02 461 9.8 11.§ -270

A2 0.9 0.7 .0 1423 0.64 692 1.06 430 6.5 9.1 -267

A3 0.9 0.7 0 1173 0.65 720 1.00 469 11.5 13.6 -204
A4 0.9 0.7 5.0 1423 0.71 695 0.97 450 7.9 10.1 -286
B 1.1 0.9 -0.95 772 0.90 430 7.7 24.9 -305
B1 1.1 0.9 5.0 1313 0.91 752 0.94 438 9.6 28.4 -238
B2 1.1 0.9 8.0 1423 0.91 733 0.94 455 5.5 26.5 -232
B3 1.1 0.9 0 1173 0.95 766 1.02 444 10.6 30.4 -270
B4 1.1 0.9 5.0 1423 0.98 760 0.96 441 7.2 26.2 -204
ECD : Effective case depth (The distance from the surface to the point at which a hardness of

550 HY 0.3 is measured.)
AGSN : Austenite grain size number
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Fig. 5. Effect of austenite grain size number and
surface carbon content on bending strength.
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(a) Fracture origin
(b) A (As-carburized (Cs = 0.63 mass%, AGSN = 7.7))
(c) B (As-carburized (Cs = 0.95 mass%, AGSN = 7.7))
(d) B4 (Carburized and reheated at 1423K

(Cs = 0.98 mass%, AGSN = 7.2))
(e} B3 (Carburized and reheated at 1173K
(Cs = 0.95 mass%, AGSN = 10.6))

Fig. 6. Case fracture surfaces of the bending test
specimens.
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Fig. 7. Auger spectra from intergranular (a) and
transgranular (b) fracture surfaces of the as
-carburized case where the carbon content is
0.95 mass%.
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Fig. 8. Auger peak height ratio of carbon (4.36X

10-'"]) and phosphorus (1.92<10-17]) to iron
(1.13X107'%]) from intergranular fracture
surface of the case.
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Fig. 9. Auger peak height ratio from intergranular
fracture surface as the function of a diffu-
sion parameter(x/r) which is the ratio of
diffusion distance(x) to nominal radius of
austenite grain(r).
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Fig. 10. Relation between carbon and phosphorus
segregation in the case.
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