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High Temperature Deformation Behavior of SKD11 Die Steel

Kazuya Mivauara, Jianping Mo, Akiva SuiBata and Ywuzo Hosor

Synopsis :

Key words

SKD11 tool steel is one of the steels which contain high compositions of carbon and alloying elements forming a lots of
carbides. Major part of these carbides are coarse eutectic carbides which are difficult to be refined through the
conventional heat treatment. In order to obtain the refinement of the carbides and the improvement of deformability
of SKD11 steel, powder metallurgy method (P/M) of HIP treatment of atomized powder followed by hot forging was
utilized and the characteristics of high temperature deformation behaviors of the P/M SKD11 materials and also the
effects of the powder particle size and HIP treatment condition were investigated. Maximum elongation of 1969 was
obtained at the lowest strain rate of 5.6X105s™! in this work and at the test temperature of 1053K just below Ac,
transformation point. HIP temperature and particle size had generally very small effects on such high temperature
deformation behavior. Microstructural observation showed the grain growth and directionality along tensile direction
during the deformation at lower strain rates and the test temperature just below Ac, point. This is cosidered to indicate
that the so called “superplasticity due to grain boundary sliding” is not the principal deformation mechanism for the large
elongation of the P/M SKD11 steel of the present result.

+SKD11 die steel; P/M material; high temperature deformation behavior; elongation; HIP treatment; powder particle size.
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Table 1. Chemical composition of SKD11 die steels-
P/M and I/M materials (mass%).

C C Mo V Mn Si S P Cu Ni N

P/M 1.56 11.82 0.95 0.34 0.39 0.27 0.007 0.01 0.04 0.06 0.031

I/M 1.47 12.68 0.83 0.25 0.36 0.32 0.001 0.03 0.08 0.17 0.024
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Fig.1. Processing chart of P/M and I/M materials.
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Fig.2. Optical micrographs in the longitudinal section of P/M materials.
(powder particle size(mesh): A; —60/+100, B; —100/+200, C; —200
HIP temperature: 1; 1273K, 2; 1373K, 3; 1473K)

Fig.3. Optical micrographs of I/M material. ) ]
(a ; perpendicular to rolling direction, b ; parallel to rolling direction)
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Fig.4. Changes in total elongation(a) and maximum
flow stress(b) with initial strain rate in P/M
materials.
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Fig.5. Changes in total elongation(a) and maximum
flow stress(b) with initial strain rate in P/M
materials.
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Fig.6. Influence of HIP temperature and powder
particle size on the total elongation(a) and
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1.1X10*s™Y).
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Fig.9. True stress-true strain curves of P/M(11B)
material tested at 1053K.
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Fig.10. True stress-true strain curves of P/M(10B)
material tested at 1103K.
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Fig.11. Scanning electron micrographs before and after tensile test at 1053K. Tensile direction is vertical
direction of the photographs. Marks in the photos. indicate 4«m length. Photo. c-2 is a magnified picture

of photo. c-1.
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