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Figure 2.1: Wrought IN718 grains are visible in an EBSD IPF map of a wrought IN718

specimen. Image by G. Cobb, AFIT/ENY.
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are intentional post processes, applied once the part has reached its final physical form. All
of these processes are conducted at temperatures below the melting point of the material,
but high enough so that thermal diffusion can occur within the material.

For the heat treating of IN718, there are four processes to be concerned with:
annealing, hot isostatic pressing (HIP), aging, and cooling. Annealing is used to undo
stresses introduced during fabrication. HIP is used to reduce porosity in fabricated parts.
Aging increases strength through the creation of precipitates to enhance the material matrix.
Cooling is applied after each annealing, HIP, and aging step to cool the material and control
or halt the phase transformations within the microstructure. Water or oil quenching is
cooling by immersion in a liquid bath.

The heat treatment for IN718 typically involves annealing, quenching, aging, and
quenching again. A representation of the heat treatment for wrought IN718 is shown in
Figure 2.2. Processing of AM IN718 will often include a stress-relief cycle as the first step
and prior to removing the parts from the build plate. This difference between wrought and
AM post-processing is discussed further in Section 2.3.3 (p. 41), along with more details

on the treatments specific to wrought or AM IN718.

Annealing is “a high-temperature treatment designed to produce a recrystallized
grain structure and softening in a work-hardened alloy” [114]. The temperatures for
annealing must be high enough to activate thermal diffusion; some materials have a defined
recrystallization temperature, which is the lower bound for annealing. Thermal diffusion
is the process by which atoms in a crystal structure reorient themselves to minimize the
stored energy of the system; this is discussed more with the modeling in Section 2.5.
There are multiple purposes for annealing a metal alloy: removal of built-up stresses
(stress relieving), dissolving of precipitates (solution annealing), and ensuring the alloying

elements are evenly distributed (homogenization). There are three stages associated with
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