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Microstructure and Tempering Behavior of Rapidly Solidified Layer
of High C-high-Alloy Steels Formed by Laser Surface Melting

Yuichi Sexi and Yoshio Asuma

Synopsis : Microstructure and tempering behavior of rapidly solidified layer formed by laser surface melting has been investigated
in high C-high alloy tool steels SKH51 and SKD11, and medium C-medium alloy tool steel SKDG2.

In SKH51 and SKD11 which contain a large amount of primary carbides even after conventional quenching, solution

of alloying elements is promoted by rapid solidification. This results in formation of supersaturated martensite in SKH51

and meta-stable austenite in SKD11.

Subsequent heat treatment at 550°C of rapidly solidified layer leads to extremely high secondary hardening to HV
1100 in SKH51, probably because of the increase of the amount of carbides precipitation.

Heat treatment of rapidly solidified SKD11 at 600°C also leads to hardening from HV500 to HV750 because of
decomposition of meta-stable austenite to ferrite+carbide phase and martensite.

In SKD62 in which carbides are almost dissolved in matrix even in conventional quenching, substructure and
tempering behavior of rapidly solidified layer is similar to conventionally quenched one.

tool steel; solidification ; rapid solidification ;

behavior.
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Table 1. Chemical Composition of Steels. (mass%)

C Si Mn P S Cr Ni Mo W V Fe

SKH51 [0.95 0.28 0.32 0.026 0.012 4.17 0.16 4.89 5.84 1.83 Bal.
SKDI11 |1.51 0.29 0.43 0.024 0.003 11.75 0.14 0.91 0.02 0.28 Bal.
SKD62 {0.38 0.97 0.41 0.025 0.006 4.99 0.17 1.21 1.13 0.35 Bal.
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Fig. 1. Cross-sectional micrograph of surface melt-
ing zone of SKD11. (4kW)
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Fig. 2. Cross-sectional hardness from surface to
substrate. (4kW)
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Fig. 3. Optical microstructure of rapidly solidified
(a-c) and conventionally quenched (d)
SKHS51. (a) 3kW (b) 4kW (c) 5kW (d) Conv.Q
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Fig. 4. Transmission electron microstructure of
rapidly solidified SKH51. (5kW)
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Table 2. Relative intensity of characteristic X-ray
of alloying elements dissolved in rapidly
solidified(RS) and conventionally(Conv. Q)

SKH51.
Cr Mo W \'
RS 12.1 8.5 10.0 5.8
Conv. Q 12.1 6.6 6.6 45
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Fig. 5. Optical microstructure of rapidly solidified
(a) and conventionally quenched (b) SKD11.
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Fig. 6. Transmission electron microstructure of
rapidly solidified SKD11. (5kW)
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Table 3. Relative Intensity of characteristic X-ray
of alloying elements dissolved in rapidly
solidified(RS) and conventionally(Conv. Q)

SKD11.
Cr Mo A%
RS 14.1 1.3 0.7
Conv. Q 10.9 1.3 0.6

Fig. 7. Transmission electron microstructure of
rapidly solidified (a) and conventionally
quenched (b) SKD62. (5k'W)

BonsbDEEbONL, RHAREIEL Lo Th=vT
A PRSI AN S LI3F L, JOWEE D
BAIXAEICHE (C, Cr) DENEBEDOMKIZ & 5 M DKTF 23
FRREFZONE, BF, v—FOWMheELsETY
TEALER R RO IR L A EBILIZED b T,
CTFNORBT b= M) 2 RSB MEED y DB ERTDH 5,
—%, BEOBANTHRAYIZIE= ) 2 R CEET 3
SKD62\ 3\ T, Fig. 73Rt & 512, BMERBEDOT
EHLERIGBE OMANZHE LIS b D LA 2= T >4
A b6 -> T H,SKDIID & 5y AWtz X - T
RS IHIMT 2 MRS L,
3:3 RARERBOLER LES

Fig. 8 \=SKH51DHH 35 & (P2 EEE 8 #500~700°CD
WET IRFRIOBER L 2 L 2B A DS DL RT,
BEOMANRIT 128 DT b, 500~600°COWEELHTHE
RLZITI &, IR L KB DRI > T 525, ZODIR
T RWEEEB 2 BT L3 6ok s eliR Lk b
PED LB AR —2 BIRTH50°CX 1 REHIOBER L iZ
£ THV1100 & v 5@ E OB TILER A RE L L |
ECHEIPHBON G, I OHEOBE L Kk, #E,
AN L 5 T=vT7 A4 PHCERE L 72C, Mo, W,
VPR LR M,CRVCRAL & 72 - TRRANTINT 5129
HEZ B2 L b T B, fiEs T, 2 OBR L KD



VPR IMIAERMLHELC & 9 A S NI EIR B AR O B BEE A b 7 OBELE L )

1100

1000

900

800
SKH51

o 3KW
© 4KW
® 5KW
X Conv.Q

Hv (300g)

700

600

500

0, [ i 1 A
40 asRS 85 500 600 700

as Q
Tempering Temperature (°C)

Fig. 8. Vickers hardness of rapidly solidified and
conventionally quenched SKH51 before and
after tempering at 500~700°C for 1h.
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Fig. 9. Vickers hardness of rapidly solidified and
conventionally quenched SKD11 before and
after tempering at 500~700°C for 1h.
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Fig. 11. Optical microstructure of rapidly solidified
SKDl)l after heat treatment at 600°C for 1h.
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Fig. 12. Transmission electron microstructure of
rapidly solidified SKD11 after heat treat--
ment at 600°C for 1h. (5kW)
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