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This work explores the feasibility of selective laser melting (SLM) of high purity copper on a low power, low cost SLM 

printer, namely, the Sharebot MetalOne. Due to the high reflectivity and high thermal conductivity of copper, stable 

melting of copper powder can be difficult with low power machines. 

Copper's thermal properties make it desirable for heat exchanger applications. Additionally, the advanced 

geometry feasible with additive manufacturing (AM) enables optimisation of the heat exchanger performance.

10mm cube specimens have been printed using different process parameters (scanning speed, laser power, 

scanning strategy). The structure of each specimen has been analysed by means of scanning electron microscopy 

and the density measured using the Archimedes method. Marketable density of copper has been achieved with a 

laser power of 250W. The small scale, rapid iteration with the MetalOne has proved itself financially effective for 

experimentation.

SLM printers are typically costly and complex to maintain, hence, limited as experimental platforms. Proving the 

feasibility of copper with a low cost printer opens the door to more open-ended research on a financially viable 

platform.

Tim Gordon is an undergrad Mechanical Engineering (Hons) student at the University of Auckland. He is researching metal Additive 

Manufacturing processes in the Creative Design and Additive Manufacturing Lab and has international experience marketing 

applications of Polymer SLS AM.
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MetalONE update 6/2021

Dear supporter,

We are thrilled to inform you that our R&D team modified a metalONE and we are now

testing almost pure copper. 

We began increasing the laser source power to 1 KW and

changed all  the  optical  systems accordingly.  We have

now  entered  the  testing  phase  to  find  the  right

combination of  printing parameters  (laser power, speed

and focus). We know that  there’s a long road ahead, but

we're  sure  that  the  work  we're  doing  will  bring

continuous improvements to the metalONE system. 

The following images show the results obtained from the

first print jobs with this material.

As shown in Fig. 2 it’s not an easy task to maintain

the prints  stuck to  the  print  platform.  Preheating

techniques  have  been  implemented  to  ensure  bed

adhesion  and  regulate  the  heat  dissipation during

the first layers of the prints.

Laser  source  power and printing  speeds were also

tweaked accordingly to find the working window that

enabled us to print the first test cubes.

Sharebot srl   via Montello 18  23895 Nibionno (LC) Italia  Capitale sociale  25.600 euro

  Codice Fiscale, Partita IVA  IT 03482570136 Tel +39 031.692.132 Fax + 39.031.228.1412  

www.sharebot.it - info@sharebot.it

Fig. 1 First test to understand the 

copper adhesion to the iron buildplate.

Fig. 2 A failed print, the fused material did 

not  attach to the plate and moved around.

Fig. 3 and Fig. 4 Two build plates with test cubes sintered with different laser power and speed parameters



LPBF of CuCrZr parts: processability, microstructure, 

mechanical and thermal performances

Carlo Alberto Biffi1, Jacopo Fiocchi1, Stefano Boldrini2, Ausonio Tuissi1

1 CNR ICMATE, Lecco, Italy. 2 CNR ICMATE, Padova, Italy.

CuCrZr is a copper alloy designed to be strengthened through precipitation hardening:

therefore, it is able to couple a relatively good thermal and electrical conductivity with 

high mechanical resistance. Therefore the possibility of producing this alloy by laser 

powder bed fusion (LPBF) appears extremely promising and opens interesting 

possibilities in several demanding fields, such as the aeronautical and space ones.

In the present work CuCrZr powder was processed by means of a modified Sharebot 

MetalOne LPBF system, equipped with a 1 KW fiber laser. Full dense parts (up to 99.3 

%), characterized by columnar graing growing along the building direction, were 

obtained. The dependence of thermal diffusivity on building direction and temperature

was evaluated. Mechanical behaviour was found to be fully satisfactory with a good 

strength (230 MPa) and interesting ductility (elongation to failure was higher than 30 

%).

(a) (b) (c)

Figure 1: (a) CuCrZr samples produced by MetalOne, (b) as-built microstructure 

parallel to the building direction, (c) evolution of thermal conductivity at varying 

temperature.
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Hot isostatic pressing and heat treatments of LPBFed 
CoCuFeMnNiTi0.13 high-entropy alloy: microstructure and 
mechanical properties

J. Fiocchi, C.A. Biffi, M. Elnemr, J. Shipley, A. Tuissi ,R .Casati

https://doi.org/10.1016/j.jmrt.2023.09.223

Abstract

The present work explores the possibility of processing a CoCuFeMnNiTi0.13 high-entropy alloy 

by laser powder bed fusion (LPBF). The alloy, produced under optimised processing conditions, 

presents good densification but also hot cracks, caused by the liquation of an inter-dendritic Cu-rich

phase. Microstructure of the as-built alloy is characterised by face centred cubic (FCC) columnar 

grains, containing Cu-poor dendrites and Cu-rich inter-dendritic areas. The alloy, which was 

designed to be strengthened by spinodal decomposition and precipitation, was subjected to different

thermo-mechanical treatments to try and improve its properties. Direct ageing and solution 

treatment and ageing produced a strong but brittle material (tensile strength of 683 MPa and 

elongation to failure of 1.3%), whereas hot isostatic pressing followed by controlled cooling was 

able to heal pores and cracks while triggering the desired microstructural transformations (spinodal 

decomposition and precipitation). This resulted into a balanced set of mechanical properties (tensile 

strength of 473 MPa and elongation to failure of 7.6%). This work shows that proper post-

processing can mitigate the issues typically affecting LPBF fabricated HEAs, producing tailored 

microstructures with satisfactory mechanical performances.
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CuCrZr alloy manufactured by LPBF process: correlation 
between microstructure, mechanical and thermal properties

Carlo Alberto Biffi, Jacopo Fiocchi, Stefano Boldrini, Ausonio Tuissi

https://doi.org/10.21203/rs.3.rs-3171022/v1
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Abstract

Copper based alloys are promising materials for electrical and thermal devices. In this respect, the 

use of laser powder bed fusion (LPBF) allows the realization of 3D complex structures, possibly 

enhancing the functional performances of such devices. LPBF also induces refined microstructures 

and build-up of residual stresses, due to the rapid solidifications and high cooling rate.

In this work a CuCrZr alloy was manufactured by LPBF and a process feasibility window was 

defined. The effect of a heat treatment, consisting of solution annealing and artificial aging, and of 

the building direction on the microstructure, tensile, and thermal properties was evaluated. It was 

found that thermal conductivity is improved by the heat treatment and that thermal conductivity 

resulted anisotropic, being higher in the growth direction.





MECHANICAL CHARACTERIZATION OF 316L SPECIMENS 

The tensile tests were carried out with an MTS Criterion Model 43 testing machine, using a 5 KN load cell,

and a 25 mm resistive contact strain gauge. 

Fig 1. Stress-deformation curves of rectangular and circular section specimens 

Table  I  shows the  values  of  tensile  strength,  deformation  at  maximum load  and the  elastic  modulus.  

Is  determined by drawing a straight line passing through the points of the curve in correspondence with a

deformation equal to 0.05% and 0.25%. 

Properties

Specimen
Elastic module

[GPa]

Resistance to 

traction  [MPa]

Deformation

[%]

Square

Section 190,8 598,8 31,4

Cicular

Section 189,8 604,4 25,6

Table I. Mechanical properties of 316L specimens 

Dipartimento di Scienza Applicata e Tecnologia
Politecnico di Torino Corso Duca degli Abruzzi, 24 – 10129 Torino – Italia 
www.polito.it/dip/disat www.polito.it



Materials Science and Engineering: A

Volume 828, 2 November 2021, 142109

On the  effect  of  rapid  annealing  on  the  microstructure  and
mechanical behavior of additively manufactured stainless steel
by Laser Powder Bed Fusion

Mohammad Reza Jandaghiaa, Abdollah Sabooribb, Luca Iulianob, Matteo Pavesea
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Abstract

This work presents an investigation on the effect of rapid annealing on the microstructure evolution

and mechanical performance of stainless steel  316L (SS316L) fabricated by Laser  Powder Bed

Fusion. In this process, it is well documented that the intensive thermal gradient in the heat flux

direction leaves remarkable residual stress and promotes strong texture along the building direction

(BD). In the current research,  to swiftly reduce residual stresses, a short-term heat treatment at

1300°C  for  different  holding  times  of  10–120s  was  designed  and  studied.  Microstructural

observation through the optical microscopy and scanning electron microscopy, as well as the X-ray

diffraction  analysis,  revealed  that  rapid  annealing  longer  than  30s  resulted  in  the  gradual

annihilation  of  the  cell  walls  which  are  indeed  the  sub-grain  boundaries  (SGBs).  In  addition,

electron backscatter diffraction outputs demonstrated that rapid annealing significantly reduced the

low angle grain boundaries  and attenuated the  texture developed along the  BD. Moreover,  the

analysis of grains size and shape illustrated that annealing up to 30s recovered the structure. In

contrast, longer annealing resulted in increasing the aspect ratio of grains along the direction with

maximum residual strain (i.e. BD) due to activation of the strain induced grain boundary migration

(SIGBM) mechanism. After the rapid annealing, the mechanical performance of the samples also

indicated that annealing up to 30s would not reduce the compressive and tensile strength more than

6%. In comparison, longer annealing resulted in 24% reduction in mechanical properties along with

coarsening of dimples in the fracture surface of the samples.
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In-situ alloying of stainless steel 316L by co-inoculation of Ti
and  Mn using  LPBF  additive  manufacturing:  Microstructural
evolution and mechanical properties

Mohammad Reza Jandaghia, Hesam Pouraliakbarb, Sang Hun Shimc, Vahid Fallah, Sun Ig 

Hong, Matteo Pavese
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Abstract

The  grain  refining  impact  of  Ti  in  additively  manufactured  steels  as  well  as  the  outstanding

formability of high-Mn steels owing to their low stacking fault energy (SFE) has been confirmed in

the literature. In the current work, Ti and Mn were inoculated simultaneously to the stainless steel

316L by laser powder bed fusion (LPBF) in-situ alloying. The local accumulation of the additions

developed complexes of Ti-rich brittle phases that improved strength. Microstructural observations

revealed the formation of intermetallic chunks of FeTi (bcc), σ (tetragonal), and C14 Laves phase

(hcp) surrounded by emerged ferrite grains within the austenite.  The rapid solidification of the

molten tracks  induced significant  thermal stresses,  which were responded by the generation  of

geometrically necessary dislocations (GNDs) at the austenite/ferrite interfaces,  and activation of

synchroshear mechanism within the Laves phase along with thermally activated slip systems in

FeTi phase.  Mn addition contributed to higher  interface cohesion by facilitating dissociation of

dislocations.
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