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Microstructure and Tempering Behavior of Rapidly Solidified Layer of
W-type High Speed Steels Formed by Laser Surface Melting

Yuichi SEKI and Yoshio ASHIDA

Synopsis : Microstructure and tempering behavior of rapidly solidified layer formed by laser surface melting has been investigated in W-type high speed
steels with different Co content. In SKH2 which contains no Co, rapidly solidified layer consists of two regions; a lower region characterized

by forming of &-dendrites and interdendrite compounds of y-phase, and an upper region in which dendrites have 6-core surrounded by

martensite. The addition of Co suppresses the formation of 8-ferrite and leads to primary formation of meta-stable austenite. This results in

formation of super-saturated martensite in lower region of SKH3 containing 4 mass% Co and in whole region in SKH4 containing 9 mass%

Co. The increase of the amount of Co also changes inter-dendrite compounds to M,C and MC type carbides. This change of microstructure
caused by Co addition improves hardness of rapidly solidified layer. Subsequent heat treatment at 823K of rapidly solidified layer of SKH4
produces extremely highly secondary hardening to HV 1000, probably because of the increase of the amount carbides precipitation during

tempering.

Key words : high speed steel; solidification; rapid solidification; laser; meta-stable phase; y-phase; hardness; tempering; secondary hardening.
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Table 1. Chemical composition of steels (mass%).

C Si Mn P S Cr w v Co Fe

SKH2 | 078 0.30 029 | 0019 | 0006 | 393 | 1755 | 0.89 - Bal.
SKH3 | 080 0.29 026 | 0018 | 0006 | 410 | 1728 | 087 482 Bal,
SKH4 | 078 028 | 030 | 0018 | 0004 | 408 | 17.50 | V.06 9.20 Bal.
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Fig. 1. Cross-sectional micrographs of rapidly solidified

layer of each steel.
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Fig. 2. Cross-sectional hardness from surface to substrate.
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Fig. 3. Scanning electron microstructures of rapidly solidified layer of SKH2 (a), (b) and conventionally quenched one (c).
(a) 0.1 mm depth from surface (b) 0.4 mm depth from surface (c) conventionally quenched

Fig. 4. Transmission electron microstructure and electron
diffraction patterns of upper region of rapidly so-
lidified layer in SKH2.
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Fig. 5. Transmission electron microstructure and electron
diffraction patterns of lower region of rapidly solid-
ified layer in SKH2.

Fig. 6.

Scanning electron microstructures of rapidly solidi-
fied layer of SKH3 (), (b) and SKH4 (c), (d).

(a) 0.1 mm depth from surface

(b) 0.3 mm depth from surfac

(c) 0.1 mm depth from surface

(d) 0.3 mm depth from surface
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Fig. 7. Transmission electron microstructure and electron
diffraction patterns of lower region of rapidly solid-
ified layer in SKH3.

Fig. 8. Transmission electron microstructure and electron
diffraction patterns of rapidly solidified layer of
SKH4.
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Fig. 9. Relative intensity of characteristic X-ray of the al-
loying elements from &, &' and inter-dendrite com-
pounds.
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Fig. 10. Vickers hardness of rapidly solidified and conven-
tionally quenched steels before and after temper-
ing repeated 3 times at 773K-923K for 3600s.
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Table 2. Effect of Co on reaction temperature during solid-
ification (K).

SKH2 | SKH3 | SKH4

L—¢ 1738 1731 1723

L+éd—7r 1671 1688 1693

L+&6—
¥ +MC
L— ¥ +MC

1625 1638 1658

1608 1621 1625

ELTRAZEBHEINTNB',
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Fig. 11. T, temperature at which calculated free energy of
each phase (8, ¥ and L) becomes equal.
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