Author’s Accepted Manuscript

Impact of Composition on the Heat Treatment
Response of Additively Manufactured 17-4 PH
Grade Stainless Steel

S.D. Meredith, J.S. Zuback, J.S. Keist, T.A.
Palmer

PII: S0921-5093(18)31272-3

MATERIALS
SCIENCE &
 ENGINEERING

RN
Editor in Chief: wA
E.J. Lavernia

Editors:
E.Womer

 Structural Materials: Properties,
Microstructure and Processing

SciVerse ScienceDirect

www.elsevier.convlocate/msea

DOI: https://doi.org/10.1016/j.msea.2018.09.066

Reference: MSA36947
To appear in:  Materials Science & Engineering A

Received date: 19 July 2018
Revised date: 17 September 2018
Accepted date: 18 September 2018

Cite this article as: S.D. Meredith, J.S. Zuback, J.S. Keist and T.A. Palmer,
Impact of Composition on the Heat Treatment Response of Additively
Manufactured 17-4 PH Grade Stainless Steel, Materials Science & Engineering

A, https://doi.org/10.1016/j.msea.2018.09.066

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.


http://www.elsevier.com/locate/msea
https://doi.org/10.1016/j.msea.2018.09.066
https://doi.org/10.1016/j.msea.2018.09.066

Impact of Composition on the Heat Treatment Response of Additively Manufactured 17-4
PH Grade Stainless Steel

S.D. Meredith®”, J.S. Zuback®, J.S. Keist® and T.A. Palmer®®

®Applied Research Laboratory
bDepartment of Materials Science and Engineering
‘Department of Engineering Science and Mechanics
The Pennsylvania State University
University Park, PA 16802

Abstract

Precipitation hardened (PH) martensitic grade stainless steels are commonly used in additive
manufacturing (AM) processes, but the heat treatment response can vary depending upon the
powder feedstock composition. As-built AM 17-4 PH grade stainless steel fabricated using
argon and nitrogen atomized feedstocks in separate powder bed fusion systems responded
differently to standard heat treatment cycles. Materials fabricated from argon atomized
feedstocks, containing low levels of nitrogen (0.01 wt.%) and retained austenite (<1%),
responded as expected to standard solutionizing and aging heat treatment cycles. In contrast,
materials fabricated from nitrogen atomized feedstocks, containing between 0.06 and 0.12 wt.%
nitrogen and up to 81% retained austenite, did not display peak aging with standard heat
treatments and deviated from the expected overaging response with increasing aging
temperatures. At the highest nitrogen and retained austenite levels, peak aging is found to occur
at temperatures in excess of 680°C, even though the material still contains retained austenite
levels in the 20% range. These unexpected changes in the heat treat response are closely linked
to differences in the nitrogen composition of the powder feedstock. Changes in the Ni and Cr
equivalent values determined by other primary alloying elements also impact the heat treat
response, even though the alloy compositions still fall within standard alloy element composition

ranges.
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