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Effect of Silicon Content on Tempered Hardness, High Temperature Strength and
Toughness of Hot Working Tool Steels

Masahide UMINO, Tomoaki SERA, Kunio KONDO, Yasutaka OKaDA and Harushige TUBAKINO

Synopsis :

In order to prevent heat cracks of tool steels in hot working, steels of high toughness and superior high-temperature strength has been devel-

oped. Typical hot-working tool steels, such as JIS SKD6, 61 and 62, contain about 1 mass% silicon. In this study, the influence of the silicon

content was investigated on the 4 mass%Cr—Mo-V-Ni tool steel in the following points;

1) secondary hardening after tempering

2) high-temperature strength and room-temperature toughness with various cooling rates during quenching

The secondary hardening peak of the tool steel decreases with the decrease in its silicon content, due to the cementite precipitation during

tempering. Both its high-temperature strength and room-temperature toughness are increased by decreasing its silicon content.

The extraction residuals analysis, the TEM observation and the EDX analysis are performed on the quenched and quenched-tempered

specimens. The effects of decreasing the silicon content of the tool steel are summarized as follows;

A) The undissolved carbides (mainly MC type) are decreased at the quenching temperature, while these precipitates are increased after

tempering.

B) The grain boundary carbides (M,,C,) are decreased after tempering.

C) In the bainite structure, the silicon content does not affect the toughness, due to the precipitation of M,C type carbides. The high-tem-

perature strength. however, is still dependent on the silicon content.

Key words : tool steel; silicon; hardness,; strength; toughness; heat treatment.
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Table 1. Chemical compositions of tool steels used

(mass%).
steel| C Si1 [ Mn P S Ni [ Cr | Mo \
1| 0.34] 0.02| 0.63] 0.007| 0.001| 1.01] 4.00{ 1.48] 0.56
2| 0.34| 0.10| 0.62| 0.007| 0.001| 1.06| 4.03| 1.58| 0.59
3| 0.33| 0.21| 0.60| 0.007| 0.001| 1.04| 3.95/ 1.56| 0.59
4| 0.35| 0.31| 0.63| 0.007[ 0.001] 1.09| 4.04| 1.49| 0.61
5| 0.35| 0.52| 0.63] 0.007| 0.001| 1.05| 4.00| 1.49| 0.61
6| 0.33| 0.75| 0.61| 0.007| 0.001] 1.05| 4.04] 1.48| 0.60
7| 0.34| 1.01| 0.61] 0.005| 0.001| 1.13| 4.12| 1.57| 0.63
8| 0.35| 1.49| 0.61| 0.007| 0.001| 1.08]| 4.05| 1.48| 0.61
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Fig. 1. Cooling curves for test specimens and continuous
cooling transformation diagrams of 0.02 mass% Si
tool steel.
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Fig. 2. Room temperature hardness of tool steels with var-
ious silicon contents after quenched and tempered
at various temperatures.

0.02mass% Si

3.0.X1000 Count

PR UELMOBER LI S | SiRaRE S M RIS L ) 3 L BOWME

=

60 T T T T
o 58 14omass%si e i
o A
I
~ 56 ° B
[)]
g |
£ 54 .
5 0.02mass%Si
T 521 ¢ = .

1 | | 1
50 o 1 2 3

Number of tempering times at 773K

Fig. 3. Effect of tempering times at 773K on hardness.
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Fig. 4. X-ray diffraction charts of retained austenite after quenched and tempered at 773K.
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Fig. 5. Influence of silicon content on the room-tempera-

ture strengths. Cooling rate: (a) 2.8K/s, (b) 0.2K/s,
(c) 0.1KJs.
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Fig. 6. Influence of silicon content and quenching cooling
rate on the high-temperature yield strength.
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Fig. 7. Influence of silicon content and quenching cooling
rate on the high-temperature tensile strength.
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rate on the fracture toughness at room temperature.
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Extraction replica images of quenched specimens (cooling rate 2.8K/s). (a) 0.02 mass% Si, (b) 1.49 mass% Si.

Fig. 12. Extraction replica images of quenched and tempered specimens. Silicon content: (a) 0.02 mass%, (b), (c), (d) 1.49 mass%.

Cooling rate: (a), (b), (c) 2.8K/s, (d) 0.1K/s.
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Fig. 13. Extraction replica image, EDX spectrum and selected area diffraction pattern (SAD) of quenched and tempered

0.02 mass% Si specimen. Cooling rate 2.8K/s.
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