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Age Hardening Behavior of Ni-Cr-Mo Gas Atomized Powders with Al, Ti and Nb Addition
(RS AR IV NS I v
HIRONO Tomoki, MIURA Kodai and SAWADA Toshiyuki

Synopsis: High corrosion resistance and high wear resistance are required for screws and cylinders of plastic injection
molding and extrusion molding machines. Ni-Cr-Mo-B alloy PM materials consolidated by HIP process show
high wear resistance attributed to dispersion of hard borides. It has been reported that the materials achieve
excellent performance for these parts. The borides precipitate by high temperature holding during HIP process
and do not form solid solution even after solution treatment. This is considered to be caused by the extremely
small solid solubility limit of B, which is the boride forming element, in the Ni-based matrix. Therefore, the PM
materials are impossible to soften by solution treatment or to harden by aging treatment. Also, the PM materials
must be machined with high hardness for screws and cylinders.

In this study, for the purpose of giving Ni-Cr-Mo alloy age hardenability, gas atomized powders of Ni-Cr-Mo alloy
with Al, Ti and Nb were evaluated. Because the solid solubility limits of Al, Ti, and Nb in the Ni-based matrix
greatly change with temperature, it is expected that hardness of these powders is changeable by solution and
aging treatments.

Ni-Cr-Mo alloy powders with 3%Al, 2%Al-1%Ti and 2%AIl-1%Nb were produced by gas atomization, followed by
solution treatment at 1473 K and aging treatment at 1073 K. As a result, the powder with 2%Al-1%Nb showed the
largest age-hardening-effect. It was found that the large age-hardening-effect was caused by precipitations of y’
phase and Ni-Mo rich intermetallic compound.

Keywords: nickel-chromium-molybdenum; wear resistance; solubility limit; aging treatment; hardness; machinability.
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Table1 Solubility limits of Al, Ti and Nb to yNi at solution and
aging temperatures. (mass%)

Temperature Al Ti Nb
1473 K 9 11 18
1023 K 6 8 11
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Fig.2 Vickers hardness of 2Al powder.
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Table 2 Chemical compositions of tested powders in mass%.

Ni Cr Mo Al Ti Nb
3Al Bal. | 21.80 1596 | 2.93 — —
2AI1Ti Bal. | 21.91 15.95 1.94 1.02 —
2A1INb | Bal. | 21.98 16.04 1.94 — 0.99
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Fig.3 Vickers hardness of tested powders.
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Fig.4 X-ray diffraction patterns of tested powders (a)-(c) before and (d)-(f) after aging treatment :

(@),(d)3Al, (b),(e)2AI1Ti and (c),(f)2AITNb.

Fig.5 Cross-sectional back scattered electron images with low magnification of tested powders
(a)-(c) before and (d)-(f) after aging treatment : (a),(d)3Al, (b),(e)2Al1Ti and (c),(f)2AI1Nb.
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Fig.6 Cross-sectional back scattered electron images with high magnification of tested powders (a)-
(c) before and (d)-(f) after aging treatment : (a),(d)3Al, (b),(e)2AI1Ti and (c),(f)2AI1Nb.
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Fig.7 Bright field images of tested powders (a)-(c) before and (d)-(f) after aging treatment :
(@),(d)3Al, (b),(e)2AI1Ti and (c),(f)2AI1Nb.
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Fig.8 Electron diffraction images of tested powders (a)-(c) before and (d)-(f) after aging treatment :
(a),(d)3Al, (b),(e)2AI1Ti and (c),(f)2AI1Nb.
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Table 3 Phase compositions of before and after aging
treatment by EDS analysis with TEM. (mass%)

3Al Al Cr Ni Mo

Before aging i Matrix 2 20 61 17
Ni-Mo Intermetallic compound A 0 22 26 52

Matrix 2 18 66 14

After aging | Ni-Mo Intermetallic compound A 0 23 23 50
Ni-Mo Intermetallic compound B 1 24 30 46

Table 4 Phase compositions of before and after aging
treatment by EDS analysis with TEM. (mass%)

2AI11Ti Al Ti Cr Ni Mo

Before aging i Matrix 1 1 20 59 19
Ni-Mo Intermetallic compound A 0 0 22 28 50

Matrix 2 1 17 65 15

After aging | Ni-Mo Intermetallic compound A 0 0 21 27 51
Ni-Mo Intermetallic compound B 1 0 21 28 50

Table 5 Phase compositions of before and after aging
treatment by EDS analysis with TEM. (mass%)

2AIINb Al Nb Cr Ni Mo

Before aging i Matrix 1 1 20 57 20
Ni-Mo Intermetallic compound A 0 0 23 29 47

Matrix 1 1 21 61 16

After aging | Ni-Mo Intermetallic compound A 0 1 20 29 49
Ni-Mo Intermetallic compound B 0 0 26 28 45
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