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Properties of a NiCrMo Alloy with High Hardness and High Corrosion Resistance Fabricated by Metal Additive
Manufacturing

wAE & HH R
HAGIYA Toru, SAWADA Toshiyuki

Synopsis: Fluoropolymer components are widely used in automotive, mechanical, and electronic applications due to
their low dielectric constant and excellent insulation properties. However, injection molding and extrusion of
fluoropolymers generate corrosive hydrogen fluoride gas, which requires molding materials with high wear and
corrosion resistance. In this study, metal additive manufacturing was applied to TafAge® (Ni-22Cr-16Mo-2Al-
1Nb), a high hardness NiCrMo alloy to realize cost reductions and shorter delivery times. We investigated the
heat treatment conditions that optimize mechanical properties and corrosion resistance. Direct aging without
solution treatment significantly enhances hardness and toughness due to a high-density dislocation network
and fine P-phase precipitation. However, corrosion resistance is slightly reduced due to residual solidification
segregation. Solution treatment improves the corrosion resistance by eliminating the solidification segregation.
We demonstrated that AM application to fluoropolymer molding machine parts is possible by controlling the
microstructure of TafAge® according to the required properties.
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Table 1 Chemical composition of the powder used in the
current study. All values are given in mass%.

Alloy Ni Cr Mo Al Nb
TafAge® | Bal. 22 16 2 1

Table 2 Heat treatment conditions in the current study. The
data of HIPed specimens were taken from Ref. [4].

Process |Sample Code| Solution Treatment | Aging Treatment
As —

DA600 600°Cx16hr, AC

DA650 - 650°Cx16hr, AC

DA700 700°Cx16hr, AC

AM DA750 750°Cx16hr, AC
ST -

STA600 600°Cx16hr, AC

STA650 1150°Cx4hr, AC | 650°Cx16hr, AC

STA700 700°Cx16hr, AC

STA750 750°Cx16hr, AC

HIP* | HIP650 | 1150°Cx4hr, AC | 650°Cx16hr, AC
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Fig. 1 Process map of laser power and scanning speed, where
P and V are the standard power and speed values of
IN718 provided by EOS.
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Fig. 2 Backscattered electron images of TafAge®.
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Fig. 3 X-ray diffraction patterns of TafAge®.
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Fig. 4 Corrosion rate of TafAge® for hydrochloric acid and
hydrofluoric acid. HIP sintered Stellite 12 equivalent
(PS12) and Alloy C276 are compared with TafAge®.
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Fig. 5 Backscattered electron image of TafAge® after the hydrofluoric acid corrosion test.
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Fig. 6 Aging hardness of TafAge®.
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Fig. 7 Charpy impact values of TafAge®. The notch shape is
10R-C.
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Fig. 8 (a) Electron diffraction patterns of DA650.
(b) EDS mapping of DA650 and STA650 for Al and Nb.
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Fig. 9 Dislocation cell in DA650.
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Fig. 10 Ni-Mo intermetallic compound observed in DA650
and STA650.
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