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Effects of the Structures to Impact Properties for High

Carbon Steel

Synopsis:

Teruaki SATO and Kiyokazu TomoMoOTO

There is a large demand for high carbon steel as parts of equipments and for machine structural
uses and it is generally used as tough structures by heat treatment.

In some cases, however, it is used in as-rolled pearlite structure (for instance, rails for railroads).

The author investigated the effects of structures to impact properties for high carbon steel, by chan-
ging the temperature of reheating from 600°C to 1 300°C for sorbite and pearlite prior structures.

The results are as follows. Sorbite is much superipr to pearlite. Finer structure is better in case of
the same structure after heat treatment is pearlite, sorbite is better for the structure before heat treat—
ment. When the heating temperature is higher than 1100°C, the impact properties becomes worse re—

gardless of the prior microstructure.
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Table 2. Summary of heat treatment conditions.

Mark Heat treatment condition
A As received
N — |Normalizing 820°C X 30 min—A.C
~ ~ ; 820°Ct X 30 min—>W.QQ
bode — | SQuench teMPEr 535001 3 30 min—>W.C
QT+ 6P+ 6/QT. P+ 600°C x 30 min—A.C
QT+ 7|P 4+ 7|QT. P+ 700°C x 30 min—A.C
QT+ 8P+ 8QT. P+ 800°C X 30 min—A.C
QT4 9P+ 9QT. P+ 900°C X 30 min—A.C
QT +10/P +10/QT. P+ 1000°C X 30 min—>A.C
QT +11{P +11|QT. P+ 1100°C x 30 min—A.C
QT +12/P +12|QT. P+ 1200°C %30 min—A.C
QT +13/P +13|QT. P+ 1300°C x 30 min—A.C

600~1300°C ff]o 100°C EfRc+ i 30min HnEk
REBTES Litb 0y P+H6~P+13 L Li-.
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Fig. 1. Heat treatment conditions and grain
size.
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Table 3. Mechanical properties.

v

Proof Tensile

Heat treatment Elongation | Reduction of | Hardness
S t th strength
Mark e 0.2021&2%/ min?) (kgxi‘/rrlx%mz) (%) area (%) Hv
A As received 44.1 87.9 14.8 26.6 246
820°C X 30min—>W.Q.
QT 530°C X 30min—>W.Q. 81.8 114.6 16.6 38.6 341
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A QT+7 QT+ 11

N QT+ 8 QT+ 12

QT+ 13 , 100pm

A(As Received
N(820°CX30min—>A.C.)

T[820°CX30min—) w.Q.
QT \530°CX30min » W.C.

QT+ 6~13
(QT+ 600~ 1300°CX30min—>A.C.)

QT+ 6 QT+ 10

3 9% Nital Etch
Photo. 1. Microstructure change due to heat treatment.
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P+ 7 P +10
A(As Received)

P+13

100pm

P+6~P+13(P+ 600~ 1300°CX30min A.C)

3 9% Nital etch
Photo. 2. Microstructure change due to heat treatment.
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Fig. 2. Transition curves for Charpy impact
test.
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Fig. 3. Transition curves for Charpy impact
test.
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Fig. 4. Relation between Charpy impact value and heat treatment condition.
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Fig. 5. Heat treatment condition and energy
transition temperature.
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Fig. 6. Heat treatment condition and fracture
transition temperature.
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Fig. 7. Relation between Vicker’s hardness and
energy transition temperature.
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Fig. 8. Relation between grain size and energy
transition temperature.
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As Received (P)
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—

(P) Pearlite (S) Sorbite
Photo. 3. Fractography of Charpy impact specimen.
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