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A B S T R A C T

Laser-based powder bed fusion (L-PBF) method has been shown as a promising method in additive 
manufacturing (AM) of the AISI 440C stainless tool steel. Nevertheless, the as-printed material typically exhibits 
a soft austenitic structure, poor surface finish, and tensile residual stresses, all of which limit its mechanical 
performance. In this study, ultrasonic nanocrystal surface modification (UNSM) was applied as a post-processing 
treatment to improve the mechanical and surface properties of as-built AISI 440C L-PBF samples. The UNSM 
treatment resulted in a 26 % increase in surface hardness, a 50 % reduction in surface roughness, and a transition 
of tensile residual stress (57 MPa) into compressive residual stress (− 364 MPa). Microstructural analysis revealed 
that nano-grain formation, increased dislocation density, strain-induced martensitic transformation, and carbide 
precipitation were the key mechanisms responsible for surface hardening. These findings demonstrate the po
tential of UNSM as an effective post-processing method for enhancing the performance of L-PBF-manufactured 
AISI 440C components.

1. Introduction

AISI 440C stainless steel is widely used in industrial applications due 
to its superior mechanical properties, including high hardness and wear 
resistance. Recent advances in additive manufacturing (AM) techniques 
have opened new possibilities for processing high-strength steels into 
complex geometries that are otherwise difficult to achieve through 
traditional methods [1,2]. Although laser powder bed fusion (L-PBF) has 
shown promising results in fabricating AISI 440C stainless steel [3,4], 
challenges remain - particularly the relatively poor mechanical prop
erties in the as-built condition,which make post-processing essential to 
achieve the desired performance.

Ultrasonic technologies have been extensively explored as post- 
processing techniques, both for bulk and surface treatments [5,6]. Ul
trasonic nanocrystal surface modification (UNSM) technology is a 
prominent method in this domain, offering substantial improvements in 
surface integrity and mechanical performance [7,8]. The process in
volves high-frequency, repetitive impacts of a hard tip on the material 
surface, inducing severe surface plastic deformation (S2PD). This leads 

to microstructural refinement, typically grain size reduction to the 
nanometer scale, and a significant increase in dislocation density, 
thereby enhancing surface hardness [8]. Recent studies have applied 
UNSM technology as a post-treatment method to improve the wear 
resistance, tribo-corrosion, fatigue life and overall mechanical perfor
mance of AM components [9–11]. Reported benefits include the elimi
nation of porosity defects [12], reduction in surface roughness [13], 
introduction of beneficial compressive residual stresses [14], and 
improvement in yield strength [15]. As research on the additively 
manufactured AISI 440C stainless steel is still in its early stages, there is 
currently a lack of information regarding suitable post-processing 
techniques for this alloy. This study presents the first investigation 
into the effects of UNSM treatment on the microstructure and mechan
ical properties of additively manufactured AISI 440C stainless steel.

2. Materials and methods

AISI 440C stainless steel powder was manufactured via Spray 
Forming by Asgaard Metals, Denmark. The powder was used in the l-PBF 
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