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EOS M100EOSint M280

Laser Powder Bed Fusion Process
Copper & Copper Alloys Refractory Metals
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from MATERIAL to PRODUCT characterization
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parameters 
tuning

Microstructural 
& Geometrical
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Mechanical 
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Design for Additive
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AM - PIS ION Source
AM Mo Anode

DIAM Research Core

Surface analysis 
& finishing 
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COPPER   &   COPPER ALLOYS

Physical and Chemical properties:

Ø Excellent thermal conductivity;

Ø Excellent electrical properties;

Ø Good mechanical properties (alloy);

Ø Good corrosion resistance;

Ø Anti bacterial performances.

  @ DIAM lab:

ü Pure Copper

ü CuCrZr

Nuclear Fusion

6 GHz Cavities

Steerable Mirrors

Radio Frequency Drivers

Acceleration Grids

Fraunhofer IWS project enables green laser 
to melt pure copper

Heat Exchanger 

Singer, F.,et all. (2017). Additively
manufactured copper components and
composite structures for thermal
management applications.

Corals - boiling tests
Space and Aerospace

CuCrZr
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Physical and Chemical properties:

Ø Ultra-high melting point

Ø High density;

Ø Excellent corrosion resistance;

Ø Good thermal conductivity; 

Ø Low thermal expansion; 

Ø High strength and hardness. Lares Satellite. Courtesy of LARES Team.
Produced in Tungsten

  @ DIAM lab:

ü Tungsten

ü Molybdenum

ü Tantalum

ü Niobium

Nuclear Fusion & Nuclear Physics

Plasma Facing Material

FEBIAD ION Source 
Extremely pure radioactive beams 

2015. Research paper. R. Wauthle 
et al.. “Additively manufactured 
porous tantalum implants.”

Biomedical

Space and Aerospace

NASA MSFC AM C103 Green Propulsion 
Thruster and Stand-off
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NICKEL SUPERALLOYS

Physical and Chemical properties:

Ø Exceptional strength;

Ø High heat resistance;

Ø Excellent corrosion protection;

Ø Good oxidation resistance;

Ø Excellent creep resistance;

  @ DIAM lab:

ü Inconel 718

Aerospace

Satellite

Combustion Liner
Turbine BladesEnergy

Molten salt steam generator
Nuclear Power 
Plant Products

Oil and Gas
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The integrated cooling system: 
performance optimization and pressure drop minimization

6 channels samples X-ray computed 
Tomography verification

CFD calibration-
smooth channel

Green laser power: 500W 
Chamber size: Ø300x400 mm3 [5]

LPBF machines Chemical
finishing 

treatment

Sa=18.45 µm

Sa=2.48 µm

Pure Cu metal 
powder

Straight

Duned

NICE

Red laser power: 1kW 
Chamber size: 

250x250x325 mm3

Pressure drop tests before 
and after finishing

Nano Heat Transfer Laboratory

Straight channel 
after 
chemical milling

Sa max=3.08 µm
 

As built 
Straight channel

Sa max=18.45 µm
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EG

PG

AG1

AG2

GG

SISTEMA DI RAFFREDDAMENTO INTEGRATO GRIGLIE DTT NBI NAP

POWER TEST DUNED CHANNEL
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DTT AM applications for the NBI:
Acceleration Grids

26/09/24

• First full-size prototypes

• Manufactured with AMCM M4K (Gmbh, EOS)

• Height 880mm; Width 450 mm

• Material CuCrZr

• Conformal cooling channels

• Spherical shape

• Heat treated with TAV S.p.A. furnace

• Quenched with GAr (argon gas)

Plasma Grid finished and tested

Full-size printed Raw blanks:
• Plasma Grid 
• Extraction Grid 
• Samples for fatigue 

lifetime study

Tomographic scan of an EG portion 

EBW connections:
- AISI 316l inserts
- AISI 316l cooling 

connection 
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DTT AM applications for the ION SOURCE:
Faraday Shield

26/09/24



ANTEPRIMA Report 2023 A. Pepato INFN PD    1
2

DTT NBI NAP: SUSPENSION SYSTEM (INCONEL 718) AND INSULATING RINGS
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DTT AM applications for the 
ECRH

26/09/24

• M1 Mirror for the laucher
• First full-size prototypes
• Manufactured with EOSINT M280
• Material CuCrZr
• Spiral channel

• Connection Line Mirrors
• First full-size prototypes
• Manufactured with EOSINT M280
• Material CuCrZr
• Spiral channel

• M2 Mirror for the Launcher
• First prototype WIP
• Manufactured with EOSINT M280
• Material AISI316L
• Triply periodic minimal surface (TPMS)
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ICRH System AM components:
Strap antennas and Limiters

Strap antennas LimiterStrap antennas and
limiters could be
easily manufactured
with AM large
machines. The
reference material
being CuCrZr alloy.

Poster Session: 
• VP-4 Progress in the development of the ICRF system of DTT; S. Ceccuzzi et all.
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Mechanical characterization of pure Ta samples Geometrical characterization of pure Ta samples

Mechanical Prop. In order to
be able to 
produce the 
final parts 
with pure Ta

WP 1 main results 

WP 2 main results 

2024 Focus on: 
Development of 
new Refractory 
Metals Alloys 

specifically DfAM 

0. Standard 
cathode

(Cost ~ 1100 €)

1. first AM 
cathode

(Cost ~ 400 €)

2. enchanced 
AM cathode

3. Fully AM 
FEBIAD ion 

source

4. AM FEBIAD 
ion source with 
conical interface

WP 3 main results
High temperature test

Successfully 
operated at 
HT (2000 °C) 
for 3 weeks

Ionization efficiency 
comparable with 

standard ion sources

Characterization of pure refractory metals

Development of a New ION source DfAM

Off-line/On-line test of New ION sources 

AMIS
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The New ECRIT – ECR Ion Trap (the largest never built…) is made of fully 
superconductin magnets, allowing radial position of HpGe detectors

PANDORA superconducting 
magnetic system

Coil 1

Coil 2
Coil 3

hexapole

HpGe detectors

An advanced (Stain. Steel) plasma chamber design is needed to 
operate at 10-8 mbar supporting a 10 kW plasma power and radial 
“holes” for measuring γ-ray emission

Microwaves 
injection 
system

70 cm

30 cm
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MAIN SUBSYSTEMS UPDATES: plasma chamber

The design of the main plasma chamber is ongoing

The end caps, through several flanges and feedthroughs, allow to connect the vacuum pipe, the RF 
injection waveguides, the gas inlet, the oven, and several diagnostic devices. 

Many aspects concerning the positioning of different diagnostic tools on the injection side of the chamber 
were defined but still work needs to be done to 
complete the design. 

The completion of the design will be possible 
only when the technical specifications 
(dimensions) of the magnetic trap will be known. 

With INFN-PD we have already ordered 120 kg of
Inconel (Nickel alloy) for the chamber fabrication
by Additive Manufacturing  - Dec. 2023
Delivery at INFN-PD in April 2024

(LNS  + PD ACTIVITY)
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Plasma chamber and pre-chamber

Injection system and 
diagnostics lines-of-view

plasma

Plasma chamber

Pre-chamber

Vacumm: 10-8-10-7 mbar
Total RF power: 10 kW
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Thank you for your attention
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PhD project - Additive 
Manufacturing of copper and 
copper alloys for high energy 
applications

CuCrZr – EOS M280 30 µm
– Thermomechanical characterization with 

different heat treatments 
6 GHz SRF cavities and surface smoothening
CuCrZr – AMCM EOS M290 1kW

– 80 µm and 60 µm process were 
investigated

– Parameters optimization for the infill, 
contour and downskin

– Heat treatments: both DAH and SA 
treatments 

– Tests: OM, SEM, TEM, Hardness, Eddy 
currents, Tensile properties, Thermal 
conductivity, Surface roughness, CTE 
(as-built conditions)

Porosity <0.030%
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PhD project – Fatigue life of AM 
components

Characterization of AMCM 4K CuCrZr 80 um
– Relative density
– Microstructural characterization
– Tensile tests
– Fatigue life (hourglass and notched)

Low and high cycle fatigue life at RT and 300 
°C of the following materials:

– EOS CuCP EOS M290 1KW
– EOS CUCRZR 60 um EOS M290 1KW
– EOS CUCRZR 80 um AMCM 4K 

(optimized parameters)
– CuCrZr EOS M280 
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PhD project - Corrosion of components 
made by additive manufacturing for 
extreme applications

26/09/24

Corrosion/erosion performance with the same water
chemistry condition found in ITER NBTF systems and at
same high velocity required (up to 12 m/s) and
temperature (150 ֯C)

– CuCrZr
– Inconel 718

Corrosion behavior in molten salts at the high
temperature (550 ֯C)

22



23
Adriano Pepato – INFN PD 33° Symposium on Fusion Technology 23

PhD project – Metal additive manufacturing 
for advanced heat transfer solutions: from 
material to thermal management application

26/09/24

AM for thermal management 
application: numerical modelling 
and experimental tests.
Fluid flow inside additively 
manufactured and smoothed 
cooling channels.
Influence of the building orientation 
on the hydraulic performance of 
additively manufactured cooling 
channels.
Experimental tests and CFD 
simulations of additively 
manufactured extraction grid 
prototypes for the DTT neutral 
beam injector.

23

Test section – water flow

inlet

outlet

20 mm

X-ray CT Geometry analysis

Straight channel after 
chemical milling
Sa max=3.08 µm

As built 
Straight channel
Sa max=18.45 µm
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PhD project - Development and 
optimization of components for thermal 
control through metal additive 
manufacturing.

26/09/24

LoCoMoSa: additive manufacturing of a 
steam generator for thermal storage.
Topology optimization

– Comsol
– Ntopology

Experimental investigation of topology 
optimized geometries for the 
improvement of power energy density 
for latent energy storage systems 
(PCM)

24
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PhD – A.A. 2024/25 – XL 
cycle

26/09/24 25

DM 629 P.A.

DM 630

INFN

INFN-LNL  & Weal3T System 

Design for Additive Manufacturing - Mechanical

Materials - Metallurgy

Chemistry

Mechanical - SPES

PhD Program of National Interest in Technologies for fundamental research in Physics and Astrophysics
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Pubblications
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