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Effect of Powder Properties on Strength of Hot Isostatic
Pressed High Speed Steels

Hisashi ANDO, Akira OKAYAMA, K6 SOENO, and Hisasuke TAKEUCHI

Synopsis:

Green and tap densities of atomized high speed steel powders ( JIS SKH 57) are measured. ~The shapes
of the powders are spherical in gas atomization and irregular in water atomization. The densities are lower
in the water—atomized powders than in the gas-atomized ones. Pulverization of the water~atomized powders
increases the densities. Compacting press also increases the densities of the water-atomized powders.
However, the densities of the water—atomized powders are difficult to approach to the tap density of the gas-
atomized powders.

Hot isostatic pressing, 113 MPa is applied at 1 150°C in order to sinter densely the water—atomized
powders, gas—atomized powders, and their mixture. Transverse rupture strength have been investigated in
the dense specimens subjected to heat-treatment for hardening. The strength level of the specimens pro-
duced by using the water-atomized powders is much higher than that of the specimens produced by using
the gas-atomized powders. Itis also observed that adding the gas—atomized powders to the water-atomized
powders causes the decrease in strength level.

Strength level is greatly increased by hot isostatic pressing and subsequent hot forging. However, the
strength level of the dense specimens of the gas-atomized powders can not be increased satisfactorily without

destroying the spherical forms by giving a great forging ratio.
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1.Crucible.

2.Atomizing nozzle for water of high pressure.
3.Pipe for conducting water and metal powders.
4.Cooling water,

5. Tank.

6.0verflow pipe.

7.Molten metal.

Fig. 1. Apparatus for water-atomization.

Table 1. Chemical compositions of the high speed
steel used (wt%).
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Fig. 2. Effect of pulverization on the apparent

and the tap density of the SKH 57 steel
powders.
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Fig. 3. Effect of compacting pressure on the
green density of the water-atomized SKH
57 steel powders.
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Photo. 1. Non-metallic inclusions in the hot isostatic pressed products of the SKH 57 powders.
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HIP products of gas-atomized powders SKH 57 steel made by the conventional
~100 ppm O,. casting and forging process.

%

HIP products of water-atomized powders.
~1000 ppm O;.

HIP products of water-atomized powder,
deoxidized by vacuum heating.
300 ppm Oj. (x1000)

Photo. 2. Micrographs of the specimens, heated at 1220°C for 5 min and quenched into oil.
Nital etching.

Heating at 1220°C for 5min; quenching into oil; and 95
triple termpering &t 550°C. for Thr- % [ HIe products of
95 i ~ powders,
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1

. - : . . Absorbed energy (J)

150 200 250 300 3502

Transverse rupture strength (kg/mm) Fig.- 5. Absorbed energy of the HIP products of
the SKH 57 powders and that of the

Fig. 4 Transverse rupture strength of the hot SKH 57 steel.

isostatic pressed products of the SKH 57
powders and the SKH 57 steel made by
the conventional casting and forging
process.
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Photo. 3. A scanning electron micrograph show-
ing fracture surface of the HIP SKH
57 powders, quenched from 1220°C
into oil, followed by triple tempering
at 550°C for 1 h.
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Fig. 6. Relation between transverse rupture
strength and length of defects in the
HIP products of the SKH 57 powders.
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Fig. 7. Effect of hot forging the HIP products
on transverse rupture strength.
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HIP products of mixed powders,

90 Water-atomized powder, 80%
-~ ~300ppm0,. .
Gas-atornized powder, 20%
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Fig. 8. Effect of adding the spherical gas-atomized
powders on the transverse rupture strength
of the HIP products of the SKH 57
powders.

(x50)

Photo. 4. A scanning electron micrograph showing
the fracture surface of the HIP products
of water-atomized powder 809, and
gas-atomized powder 20%. The speci-
men was quenched from 1 220°C into

oil, followed by triple tempering at
550°C for 1h.
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Fig. 9 Effect of hot swaging on the strength
and the density of the sintered SKH 57
powders.
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