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ADDITIVE MANUFACTURING AND 
STAINLESS STEEL: INNOVATION IN 
THE METAL INDUSTRY
Additive manufacturing (AM), also known as 3D 
printing, has revolutionized the way metallic parts 
are produced. Unlike traditional methods, where 
material is removed (machining) or a mold is used 
(casting), AM builds objects layer by layer from 
a digital model, allowing complex geometries, 
reduced waste, and customization.

Key milestones

02

1984

1987

1992

2005

2013

2020s

Charles Hull patents stereolithography (SLA), the first 3D 
printing technology, and founded 3D Systems.

Carl Deckard introduces a manufacturing process that 
heats powdered materials, such as metals, known as 
Selective Laser Sintering (SLS).

The first commercial SLA machine appears.

The RepRap Project is born, aiming to create low-cost, 
self-replicating 3D printers.

NASA tests 3D-printed metal parts for rockets.

Industrialization of AM consolidates, with applications in 
healthcare, aerospace, and construction.
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Metal Additive 
Manufacturing

Technology: LASER POWDER BED FUSION (LPBF)
Input Material Energy Source

Metal powder High-power laser  
(fiber or CO2)

Working Principle Applications

A laser selectively melts 
thin layers of metal powder 
deposited on a bed, following 
a digital model. Each layer 
solidifies before the next is 
deposited.

•	 Aerospace

•	 Medical implants

•	 Precision tools

•	 Jewelry

Advantages Limitations

•	 High dimensional accuracy

•	  >99% density

•	 Excellent surface finish

•	 Complex geometries

•	 High equipment and 
powder cost

•	 Limited build size

•	 Inert atmosphere required

•	 Residual stresses

Technology: ELECTRON BEAM MELTING (EBM)
Input Material Energy Source

Metal powder Electron beam

Working Principle Applications

The electron beam melts the 
powder in a vacuum chamber, 
layer by layer. Allows control 
of microstructure through 
scanning speed.

•	 Aerospace

•	 Biomedical (implants)

•	 Turbines

Advantages Limitations

•	 High melting speed

•	 Excellent thermal control

•	 Low distortion

•	 Dense parts

•	 Requires vacuum

•	 Rougher surface finish

•	 Lower precision than LPBF

•	 High cost

Although additive manufacturing was initially 
developed with polymers, the technology was later 
adapted to metals, opening up a range of high-
value industrial applications. It is used in aerospace, 
automotive, medical, energy, and consumer goods 
due to its precision and robustness.

Metal AM technologies are classified according to the 
input material (metal powder or wire) and the energy 
source. 

Below are some of the most common technologies:
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Technology: WIRE ARC ADDITIVE 
MANUFACTURING (WAAM)
Input Material Energy Source

Metal wire Electric arc

Working Principle Applications

An electric arc melts the 
wire, depositing material 
layer by layer on a substrate.

•	 Large structures

•	 Part repair

•	 Naval or railway  
components

•	 Molds

Advantages Limitations

•	 High deposition rate

•	 Low material cost

•	 Suitable for large parts

•	 Low resolution

•	 Rough surface

•	 Post-processing required

•	 Complex thermal control

Technology: LASER METAL DEPOSITION
Input Material Energy Source

Metal wire or powder Laser

Working Principle Applications

A laser creates a melt 
pool on the substrate, 
into which metal wire or 
powder is fed to build the 
part layer by layer.

•	 Component repair

•	 Coatings

•	 Medium or large parts

Advantages Limitations

•	 High metallurgical 
quality

•	 Low porosity

•	 Repairs and coatings 
allowed

•	 Medium precision

•	 Fine control of laser required

•	 Feed rate required



4

A
d

d
it

iv
e

 m
a

n
u

fa
c

tu
r

in
g

 a
n

d
 s

ta
in

le
s

s
 s

te
e

l 
| 

c
e

d
in

o
x

   
d

t 
0

2

Stainless Steel in Additive 
Manufacturing
Metal additive manufacturing with stainless steel 
enables the creation of complex, customized, 
and functional components while maintaining 
properties comparable to traditional methods.

It is one of the most widely used materials in metal 
AM due to its mechanical strength, corrosion 
resistance, weldability, dimensional stability, and 
bio compatibility.

The most common stainless steels used are:

316L: austenitic, resistant to marine and chemical 
environments, widely used in biomedicine..

17-4PH: martensitic, precipitation-hardened, high 
mechanical strength.

304L: economical and versatile, suitable for non-
critical structural applications.

1

1

2

2

3

3

4

5

6

Residual stresses and thermal distortion: 

Undesired microstructure and anisotropy   

Porosity and internal defects:

New alloys and material gradients:

Multi-material components (cladding): 

Customized biomedical applications:

High-value parts for energy and chemical 
sectors: 

Decentralized and on-demand production:

Spare part manufacturing:

At the end of the day, even though additive 
manufacturing of stainless steel has hit 
some pretty impressive levels of precision 
and functionality, the process is still a 
delicate balance between innovation, 
process control, and understanding 
materials, which means research and 
development is still super important for its 
industrial expansion.

Recent advances aim to address these challenges 
through parameter optimization, new materials, and 
advanced post-processing. Some examples include: 
the application of ultrasound during deposition to 
refine the microstructure, scanning strategies that 
minimize thermal gradients, and the development of D
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The layer-by-layer solidification can create 
crystallographic textures varying by deposition 
direction, resulting in different mechanical 
properties depending on orientation. The 
formation of inclusions, dendrites, or segregations 
can alter hardness, ductility, and corrosion 
resistance

high heating and cooling rates generate intense 
thermal gradients, causing internal stresses that 
can deform the part during or after printing. These 
stresses affect fatigue resistance and can promote 
stress-corrosion cracking.

Inclusion of pores or lack of fusion defects 
compromise mechanical integrity and durability. 
Even if not visible externally, they can be critical for 
demanding applications.

Although metal AM offers great opportunities, printing 
stainless steel remains complex. The final properties 
depend on several factors:  the steel type, material 
form (powder or wire), energy source, and deposition 
parameters. The main challenges include:

3D printing enables combining layers of different 
compositions, creating hybrid stainless steels or 
coatings that improve mechanical and chemical 
resistance.

Brake discs with stainless steel outer layers are 
being developed to enhance corrosion resistance 
and reduce particle emissions while maintaining 
cost-effective cores.

3D-printed 316L is used for patient-specific 
implants and prosthetics, featuring porous 
geometries that enhance osseointegration

Stainless steel’s corrosion resistance makes it 
ideal for heat exchangers, turbines, and chemical 
reactors with intricate internal geometries 
impossible to achieve by conventional means.

AM reduces lead times and enables localized 
manufacturing of customized stainless steel parts, 
particularly advantageous in aerospace and oil & 
gas industries.

AM enables the production of discontinued or 
hard-to-find stainless steel components, ensuring 
maintenance of industrial, railway, or energy 
systems without large inventories.

stainless steel alloys that are more compatible with AM. 
However, each innovation introduces new challenges, 
such as the need to understand how changes in 
microstructure affect strength, durability, and corrosion 
behavior.

Beyond the challenges, AM with stainless steel opens 
up new industrial and design opportunities:


