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Improvement of Strength and Toughness of SKD11 Type Cold Work Tool Steel

Kenzo Fukaura, Hisakichi Suxapa, Yoshihiko Yoxkovama, Katsuyuki Teramoro, Daien Yoxor and Nobuhiro Tsujn

Synopsis : The strength and toughness of a newly developed 0.8C-8Cr cold work tool steel whose composition was controlled to
suppress the precipitation of massive eutectic M;C, carbides were investigated with reference to microstructure and
were compared with conventional SKD11. The toughness was evaluated by the area under the stress-strain curve. The
tensile strength of the newly developed steel (designated as Mod.SKD11) is about 400MPa higher and the toughness
is 1.8 times larger than that of SKDI11 throughout a wide range of tempering temperatures. It is revealed from
microstructure examination, the fracture surface observation and the estimation of the tensile stress required to
generate cleavage crack within M,C; carbide based on Stroh’s theory that superior mechanical properties of
Mod.SKD11 are attributed to the refinement and homogeneous distribution of M,C; carbides that retards the crack
generation and prevents the crack growth, respectively.
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Fig. 1. Phase diagrams of Fe-Cr-C system. Sections are at 8mass% and 12mass%Cr.

Table 1. Chemical compositions of SKDI1 and

Mod.SKD11 used in this study.

Steels C Si Mn Cr Mo \Y P S
SKD11 1.41 | 0.24 | 0.41 | 11.10} 0.80 ] 0.23 | 0.023 | 0.001
Mod.SKD11| 080 | 088 | 0.39 | 810 | 1.90 | 0.52 | 0.022} 0.001
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Fig. 2. Microstructures of as-quenched SKD11 and
Mod.SKDI11.
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Fig. 3. X-ray diffraction patterns of Mod.SKD11.
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Fig. 4. Distribution of carbide particle sizes for
SKD11 and Mod.SKD11.
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Fig. 5. Changes in particle size and area function of
M,C, with tempering temperature.
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Fig. 6. Distribution of interparticle distance of M,Cs.
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Fig. 7. Change in retained austenite volume fraction
with tempering temperature for SKD11 and
Mod.SKD11.
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Fig. 8. Change in hardness with tempering tempera-
ture.
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Fig. 11. SEM matching fractographs(a,d) and X-ray mapping of Cr (b,e)and C (c,f) at the root of tensile fracture
for SKD11 tempered at 473K.
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Fig. 12. Shematic drawing of the mechanism of
cleavage crack formation and their growth
under tensile stress.
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