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Microstructures of Hot Isostatic Pressed High Speed Steels
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Advanced Materials Division, Research Institute of Industrial Science and
Technology, Pohang 790-600, Korea
(Reeeived November 11, 1996)

ABSTRACT High speed steels with commercial compositions of 10V, Rex20, Rex25, T15, and ASP30
were gas-atomized and then consolidated by hot isostatic pressing (HIPping). The microstructures of gas-ato-
mized powder, as-HIPped billet, and heat-treated billet have been characterized using optical microscope, scan-
ning electron microscope and X-ray diffractometer. In the gas-atomized powders, the solidification structures of
10V and Rex25 alloys show that primary MC carbides embedded within the fine equiaxed dendrites, whereas
those of Rex20, T15 and ASP30 alloys exhibited eutectic MC and/or M,C carbides in the interdendritic region.
The trace and dendritic morphologies of gas-atomized powder have been retained in as-HIPped billets. The mi-
crostructures of as-HIPped billets have been observed to consist of ferrite, M,C and MC carbides in other alloys
with the exception of 10V alloy, which consists of ferrite and MC carbides. The hardness of heat-treated billet
makes a favorable comparison with that of as-HIPped billet. This seems mainly to be due to the strengthening
by the precipitation of secondary carbides and the change of matrix phase from o-ferrite to martensite.
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Table 1. Analyzed chemical compositions of five commercial high speed steels.

Alloy C Cr Mo w v Co S Fe
- 10V 2.36 5.50 1.28 - 9.60 - 0.061 bal.
Rex20 1.28 3.70 9.80 6.06 222 - 0.02 bal.
Rex25 1.77 4.05 6.36 11.93 4.80 - 0.02 bal.
T15 1.46 411 - 11.98 481 4.98 0.09 bal.
ASP30 1.22 4.19 4.80 6.37 3.03 8.56 0.02 bal.
Table 2. The operating conditions of gas atomization used in this study.
Alloy Pouring Gas pressure Gas/metal Atomization Particle mean
tempetature (C) (bar) ratio (m'/kg) time (min) size (Wm)
10V 1640 83 2.2 42 150
Rex20 1630 83 2.2 4.4 142
Rex25 1620 9.0 2.3 41 130
T15 1620 9.0 2.7 5.0 108
ASP30 1620 9.0 3.2 5.5 .93
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Fig. 1. Variation of cumulative undersize percent as a
function of gas-atomized powder size.
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Fig. 2. Scanning electron micrographs illustrating the free surface(a) and the cross-section(b, ¢) of gas-atomized

powders: (a) ASP30; (b) T15; (c) 10V,
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Fig. 3. X-ray diffraction wpatterns illustrating the struc-
tures of matrix and carbide phases in gas-atomized
powders: (a) 10V; (b) Rex20.
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Table 3. The structure and lattice parameters‘ of matrix and carbide phases in as-atomized powders, which were

determined by the X-ray diffraction experiments.

Alloy Matrix Carbidc* Lattice parameter (A )
Ferrite Austenite MC
10v A+F MC 2.853, 3.612. MC
Rex20 F(+A) M.C(+MC) 2.890, 3.623, -
Rex25 F(+A) M.C(+MC) 2.868, 3.629, .
T15 F+A 2.897, 3.627, 4.077.
ASP30 F+A 2.875. 3.602, -

* Minor secondary eutectic carbides were not found due to their smaller amounts in these X-ray diffraction patterns.

F: ferrite or martensite; A: austenite.
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Fig. 4. Optical(a, b) and scanning electron(c, d) mi-
crographs illostrating the microstructures of as-HIPp-
ed billets: (a, ¢) Rex 20; (b, d) Rex25. MC and M,C
carbides appear gray and white respectively.
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Table 4. The structure and lattice parameters of matrix and carbide phases in as-HIPped billets, which were det-

ermined by the X-ray diffraction experiments.

Alloy Matrix Carbide* Lattice parameter (A)
) Ferrite M.C MC
10V o MC 2.845, - 4127,
Rex20 o M,C+MC 2.834, 11.057, 4.134,
Rex25 o M.C+MC 2.867, 11.010, 4.077,
T15 o M.C+MC 2.838, 11.038, 4.075,
ASP30 o M,C+MC 2.873, 11.151, 4.197,

*Secondary carbides (e.g. M,,C,, M,C, and M,C) werc not found due to their smaller amounts.
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Fig. 5. X-ray diffraction patterns illustrating the struc-
ture of matrix and carbide phases in as-HIPped billets:
(a) 10V; (b) Rex20. :
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Fig. 6. Scanning electron micrographs showing as-
HIPped(a) and austenized and tempered(b) micro-
structures of the T15 high speed steel. Note the array
of dark particles along the pre-powder interface in (b).
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Fig. 7. Scanning electron micrograph(a) showing the
array of dark particles along the pre-powder interface
in the heat-treated 10V high speed steel, (b) is an EDS
spectrum from dark particles showing the in-
corporation of Mn and 8§ in them,
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Fig. 8. X-ray diffraction patterns illustrating the struc-
tures of matrix and carbide phases in heat-treated bil-
lets: (a) 10V; (b) Rex20.
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Table 5. The structure and lattice parameters of matrix and carbide phases in the austenized(11807) and temp-
ered(560°C) billets, which were determined by the X-ray diffraction experiments.

Alloy Matrix Carbide* Lattice parameter (A)
Ferrite M, C MC
10V o MC - . 2.866. - 4.263,
Rex20 o M.C+MC 2.880, 11.115, 4.163,
Rex25 o M.C+MC 2.878, 11.098, 4.176,
T15 o M,C+MC 2.858, 11.058, 4.169;
ASP30 o M.C+MC 2.870, 11.086, 4.180,

*Secondary carbides (c.g. M.C,, M,C, and M.C) were not found due to their smaller amounts.
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Fig. 9. Hardness of as-HIPped billets of five comm-
ercial high speed steels.
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steels.
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