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The Microstructure and Properties of a High-Carbon High-Chromium
Powder Metallurgical Tool Steel

Nobuyasu Kawai and Kanji Notomi

The microstructure and properties of a high-carbon high-chromium powder metallurgical
(PM) tool steel (Fe-18%Cr-2%Mo-1%V-2.2%C) were investigated in the as-HIPed and the
as-forged (HIP and forged) states and compared with those of a conventionally cast and
forged SKD11 (AISI D2) steel. The studies indicated that P/M tool steel contains more
carbides and has a finer homogeneous carbide structure than SKD11. The mechanical
properties of P/M tool steel are far superior to those of SKD11, except for fracture

toughness , because of the finer and more homogeneous microstructure of P/M tool steel.
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Table 1 Compositions and forging ratios of the materials tested

Chemical Composition wt Forging
C Si Mn Cr Mo \4 O | Ratio
As HIPed KAD 181 224 | 035 | 036 | 18.13 | 1.98 | 1.07 | 0.010 -
As Forged KAD 181 222 | 032 | 035 |18.08 ] 2.00 | 1.07 |0.010| 7.8
Conventional SKD11 146 | 038 | 0.43 | 11.94 | 0.84 | 0.21 | 0.002 | >10
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Table 2 Tempering temperatures used in the experiments

T~ Alloy| gapa SKD 11
Specimen i

Metalturgical test 100~600"C 100~600°C
Bend test

Impact test 500, 650, 600°C | 100, 500, 550°C
Fracture toughness test

Fatigue test 550°C 200°C
Wear test
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Table 3 Type and contents of carbide in materials tested

As HIPed As Forged Conventional
KAD 181 KAD 181 SKD 11
Type MG, M,C; - M,Cs
Total 26.6(100) 28.5(100) 16.8(100)
Q~2um 2.6(10) 6.2(22) 5.4(32)
Content 2~4um 14.3(54) 12.9(45) 2.8(17)
vol% 4~6pm 7.8(29) 7.2(25) 2.4(14)
6~8um 1.9(7) 2.2(8) 2.5(15)
8~15¢m 0(0) 0(0) 2.0(12)
154m < 0(0) 0(0) 1.7(10)
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Fig.9 Wear resistance of specimens
(60 HRC) rubbed against SCM420
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Table 4 Applications of KAD181 in molds for plastics with abrasive fillers

M Mold Part Resin Conv. (SKD11) KAD181
arts Hardness | Life/Shot | Hardness | Life/Shot
1 | IC Package EP+60%Silica | 58HRC 50, 000 62HRC 160, 000
(Continued)
2 Tctrg gnet PBT+30%Glass { 60HRC 100, 000 62HRC 500, 000
3 | Plunger of Micro Switch | MFtGlass 59HRC 1, 500, 000 62HRC %tggg'gggd)
| and Socket of PBT+30%Gl| 60HRC 800, 000 63HRC 1, 500, 000
4 Epogtrggagne% aelgy Coil ass
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