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ABSTRACT 

The effect of build orientation on the corrosion resistance of 304L stainless steels (UNS S30403) 
produced by selective laser melting, was studied. Alloy coupons were obtained using three different build 
directions (vertical, horizontal, and 45° incline). The microstructures of these materials were 
characterized using optical microscopy and scanning electron microscopy coupled with energy dispersive 
spectroscopy. To provide insights into the corrosion behavior, electrochemical measurements were 
conducted and included open circuit potential measurements, linear polarization resistance scans, and 
Tafel tests. These tests were performed in a commercial corrosion cell containing a 3.5 wt% NaCl solution 
at room temperature. Results of the electrochemical and microstructural characterization are presented 
and discussed. 
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INTRODUCTION 

The ongoing development of additive manufacturing (AM) technologies continues to revolutionize metallic 
alloy manufacturing by enabling rapid production of near-net shape components with complex 
geometries, improved properties and performance.1–6 Published literature has widely confirmed the 
significance of AM processing parameters, including but not limited to, laser power density, hatch 
distance, scanning speed,  in controlling material properties.7 These parameters share a common effect 
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in leading to non-uniform heat distribution during the solidification stage of AM powders.8 The subsequent 
result can lead to an inhomogeneous and anisotropic microstructure with phase segregation altering the 
corrosion characteristics of the material.9 This effect was observed in our previous work.10  

Selective laser melting (SLM) is a popular AM technique for the fabrication of structural alloys for 
aerospace, biomedical, and energy industries.11 During SLM fabrication, a laser beam produces a molten 
pool from the starting metal powders. The beam is traced along the x-y axis while the powder stage is 
lowered along the z-axis.12  A unique feature of SLM technique is that by varying the tracing direction or 
movement, a hypothetical metallic part can be printed with different orientations, e.g. vertically, 
horizontally, or along the 45-degree angle with respect to the z-axis. The different build orientations can 
also result in gradients in thermal distribution, defects, grain orientation, and the overall microstructure.8  

The corrosion behavior of SLM alloys built in different orientations has been reported for certain stainless 
steels, Ti-6 Al-4 V, and aluminum alloys.4-7 Corrosion studies performed on SLM Ti64 in 3.5 wt% NaCl, 
show that samples built in the vertical direction exhibit higher pitting resistance, while research performed 
on the pitting potential of SLM AlSi10Mg alloys indicate that the XY plane build orientation samples 
perform better than the XZ plane samples.13,14 However, there is a lack of information in the public domain 
related to the corrosion behavior of SLM UNS S30403 (SLM 304L) alloys built in different directions. This 
paper reports on the corrosion behavior of SLM SS 304L built in horizontal, 45º inclined and vertical 
directions, in the presence of the 3.5 wt% NaCl simulated sea water. 

EXPERIMENTAL PROCEDURE 

In this project, the corrosion behavior of SLM 304L with three different build orientations (vertical, 
horizontal, and 45º inclined relative to z-axis) was studied. The SLM 304L alloys were fabricated using 
the same build parameters reported by Anime et.al.15 In addition, the nominal composition of the SLM 
powder is indicated in Table 1. A modified version of ASTM G59-97 standard was utilized to evaluate the 
electrochemical behavior of the alloys.16 Test coupons obtained from the cross-sections of SLM 304L 
built in three different orientations were metallographically prepared to a 800-grit surface finish followed 
by a three-minute ultrasonic cleaning sequentially in deionized water, acetone, and deionized water. The 
coupons were then placed in a three-electrode flat cell composed of a reference saturated calomel 
electrode (SCE), a platinum mesh counter electrode and a working electrode. A 250 mL 3.5 wt% NaCl 
solution prepared using ultrapure (type I) water served as the electrolyte. Electrochemical tests were 
conducted in a commercially available potentiostat in room temperature.  

Corrosion tests were performed as follows: a 1-hour open circuit potential (OCP) period, a linear 
polarization resistance (LPR) scan, and then a Tafel polarization test. The scan rate (0.167 mV/s) and 
polarization range (-30 mV to +30 mV vs. OCP) of LPR follow the parameters stated in the ASTM G59-
97 standard.16 Tafel polarization tests were performed using the same scan rate from -400 mV to +400 
mV vs. OCP. Microstructural characterization of the as-built materials was conducted using optical 
microscopy. The ground and polished as-built specimens (1 µm surface finish) were electrolytically 
etched by immersion in a 60 wt% HNO3 solution for 10 seconds while applying constant voltage of 1 V. 
X-Ray Diffraction (XRD) patterns were obtained for the as-built coupons. Phase identification and
Rietveld analysis were performed.

Table 1: Nominal composition of the SLM 304L Alloy 

Alloy Weight Percent (wt%) 
Fe C Cr Cu Mn N Ni O P S Si 

SLM Bal. 0.015 18.5 <0.100 1.40 0.090 9.90 0.020 0.012 0.004 0.630 

© 2021 Association for Materials Protection and Performance (AMPP).  All rights reserved.  No part of this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means (electronic, mechanical, photocopying, recording, or otherwise)  
without the prior written permission of AMPP. 
Positions and opinions advanced in this work are those of the author(s) and not necessarily those of AMPP.  Responsibility for the content 
of the work lies solely with the author(s). 

2

Full document details: AMPP Paper 16904-2021

http://www.avadocuments.com/doc/ampp-paper-16904-2021
http://www.avadocuments.com/doc/ampp-paper-16904-2021


RESULTS 

Optical micrographs of the SLM 304L alloys built in the vertical, horizontal and 45º inclined directions are 
shown in Figures 1, 2 and 3, respectively. Pores with diameters in the 4 - 130 µm size range were 
observed in each coupon. Pore size measurements conducted on the alloy surfaces showed a variation 
in size; however, there was no clear relationship among pore size, pore density, and build orientation. 
For the etched surface, the optical micrograph of the vertical cross section of the SLM alloy (Figure 1b) 
showed hatch lines resulting from the laser scanning movement, while the horizontal and inclined cross 
sections reveal melt pool contrast.  

Figure 1: Optical micrographs of SLM 304L built in vertical direction (a) before etching (b) after 
electrolytic etching in 60 wt% HNO3 

Figure 2: Optical micrographs of SLM 304L built in horizontal direction (a) before etching (b) 
after electrolytic etching in 60 wt% HNO3 

Figure 3: Optical micrographs of SLM 304L build in 45O inclined plane a) before etching b) after 
electrolytic etching in 60 wt% HNO3 
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