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Effects of Chemical Composition and Heat Treatment on
Mechanical Properties of Carburized Steels

Téru FURUKAWA, Shizuyo KONUMA, and Hideyasu SAKANIWA

Synopsis:

The tensile, Charpy impact bending, rotating bending fatigue, and impact beading fatigue tests on
some carburized steels were performed in order to investigate the effect of chemical composition in steel
and of heat treatment after carburizing on mechanical properties.

The results obtained are summarized as follows:

(1) The steel with re-quenching after direct quenching (specimen B) had superior properties of strength
and ductility to the steel with direct quenching only (specimen A) in both tensile and Charpy impact tests.
On the other hand, the fatigue strength of specimen A was higher than that of specimen B under both im-
pact bending fatigue and rotating bending fatigue.

(2) For these fatigue tests, the highest fatigue strength was obtained in the steel containing about 0.25% n
carbon. It was also found that these strength were improved by addition of Cr, Mo, and Ni.

(3) In the impact fatigue tests, there was no clear difference in the number of blows to crack initiation
for both specimen A and B. For each carburized steels, the crack propagation rate was decreased with
the growth of crack at first, and then the rate was increased gradually with increasing number of blows
and, finally, the specimen was led to the rupture with higher propagation rate of crack, that is, the three
different stages were distinguished in the process of crack propagation. The crack propagation rate of *
specimen A was lower than that of specimen B for every stage to the rupture.
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Table 1. Chemical composition of steels. (wt.25).

Steel C Si Mn Ni Cr Mo
SISCK 1 0.15 1 0.27 | 047 | — | — | —
S25¢C 0.26 026045 | — | — | —
S38¢C 0.36 1 0.26 | 074 | — | — | —
S55C 0.56 10.26 ([ 0.83 | — | — | —
SCM21 | 0.16 1 0.25] 0.70{ — | 110 | 0.25
SNCM25{ 0.15 | 0.25] 0.45 | 4.35| 0.90 | 0.22
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Fig. 1. Test piece,(A, B : impact bending fatigue,
C, D : rotating bending fatigue).
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Table 2. Heat treatment of steels.

Steel [Mark|Carburizing | Direct Quenching Requenching Tempering
SISCK A [920°Cx4hr |830°Cx0.5ht-0Q none 180°C% 2hrAC
B z s 800°Cx0.5hr -WQ B
scM21 A z none z
B z z 830°Cx0.5hr-0Q
A z z none z
SNCM25
8 z F 780°Cx0.5hr-0Q
$25C A z z none
S38C | A z z none
S$55C A z z none

Note; A’,B’:Non Carburized.
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Photo. 1. Micro structures in case hardened
zone. (x600)

Table 3. Austenite grain size of carburized steels.

Heat JIS No.of GrainSize
Steel
Treatment| Case Core
A 9.0 —
SI5CK
B 10.4 —
A 9.0 8.2
SCM 21
B 10.4 8.8
A 9.2 8.4
SNCM 25
B 10.4 9.2
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Photo. 3. Austenite grain structure of carburized
SCM21 steel. (x600)
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Fig. 3. Hardness distribution in case hardened
zone. (SCM21)
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Fig. 4. Residual stress distribution in surface
hardened zone. (SCM21)
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Table 4. Conditions of X-ray stress measurement.

Target Cr-Kx (V filter)

Tube voltage 30 KV
Tube current 10 mA

Time constant 32 sec

Scanning speed | 0.5 deg/min

Chart speed 10 mm/deg

Slit Soller slite (34~)

Measuring method| Sin2¥ method (%=0°15530%40°)

Table 5. Relation between mechanical properties
and heat treatment in carburized steels,

Steel Heat 63 € |Charpy Impact
Treatment | kg/mm?| % |Value, kg-rn/cm?
A 84.4 {50 2.33
S15CK B 104.9 | = 1.94
X A 119.4 | = 2.87
Sem 2t B 117.8 | =0 3.22
A 150.9 1.2 4.20
SNCM25 B 166.7 2.7 4.46
S25C A 126.9 | = 1.50
s$38C A 1120 I= 1.32
S55C A 105.7 |=0 0.92
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Fig. 5. Effects of surface hardening and heat treat-
ment on impact bending fatigue strength.
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Fig. 6. Relation between rotating bending fatigue
strength and heat treatment. (SCM21)
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Fig. 7. Results of impact bending fatigue test.
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Fig. 9. Distribution of crack length in width of
impact bending fatigue test piece.
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Fig. 10. Effect of heat treatment on impact bend-
ing fatigue strength. (SCM21)
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Fig. 12. Relation between rate of crack propa-
gation and number of blows.
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