
Fe Co Al Cu Ni C S O N H

Theor. 51 24 8 3 14 -- -- -- -- --

A5

AR24-25 50,55 23,77 7,94 3,02 13,91 0,01 0,01 0,02 0,00 0,00

DED
fraction bal. 25,41 5,88 3,10 14,12 0,01 0,01 0,01 0,00 0,00

A5_DED

Hall Flow (HF) 15,59

Apparent Density (AD) 15,92

First Avlanche Angle
(FAA), 1RPM

17,69

C N O Al Si Ca Cr Fe Co Ni Cu Zn

1 21,1 2,7 40,8 0,6 0,9 0,4 0,3 27,1 1,0 0,4 4,6

2 1,7 0,1 0,1 6,3 0,0 0,0 0,0 51,6 24,2 12,9 3,1

3 9,6 1,0 16,7 4,8 0,4 0,1 0,0 36,5 15,6 7,8 3,3 4,4

4 10,8 1,3 24,0 3,2 0,5 0,2 0,0 27,1 9,7 5,1 14,3 3,8

DED-LB CONDITIONS

M1 M9

P W 500 320

v mm/s 20 20

G g/min 6 2

Figure 7. M1 DED-LB OM &SEM micrographs showing typical defects as intergranular and transgranular cracks, gas evolved porostity and
voids. SEM-EDX analysis on the porous and voids show high quantities of C and O. Voids can be consequence of EDM due to fragility as Zn
has been found.
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Advanced additively manufactured
permanent Magnets for New Energy

and MObility Applications

INTRODUCTION  & MOTIVATION

Permanent magnet (PM) Alnico alloys, with the basic
elements Fe, Co, Al, Ni, Cu & Ti, were invented and
developed from the early 30’s, being the first PMs.
With respect to magnetic strength and energy
product, rare earth element (REE) based magnets (ex.
NdFeB and Sm-Co alloys) are superior to Alnico alloys
at room temperature, promoted an abandon of
AlNiCos [1]. 
The limited access to REE, the high temperature
stability of Alnico alloys and the new manufacturing
and characterization techniques have revitalized the
interest for these PMs, after theorical expectations of
BHmax of 20 MOe for AlNiCo9 [2,3].
Additive manufacturing technologies offer advantages
over traditional ones to tailor composition and to
obtain ad-hoc microstructure with customized grain
size or texture [4].  

OBJECTIVES

To atomize AlNiCo5 powder for benchmarking via DED-
LB print cubes11

22
To compare the microstructure of AlNiCo 5 obtained
by Directional Growth (DG) and Laser Beam Directed
Energy Deposition (DED-LB/Mp)

EXPERIMENTAL METHODOLOGY
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RESULTS & DISCUSSION

Table 1. CEIT A5 powder chemical composition for the whole batch and for the DED fraction

Figure 3. SEM & OM micrographs showing the A5 morphology almost spherical with some
satellites and internal structure with many voids and porosity inside.

Table 2 & Figure 4. HA, AD & FAA showing a good flowability for A5 DED fraction together with the
cohesive index showing a shear thickening fluid behaviour with cohesivity increasing with the speed.

Figure 2. AIMEN DED-LB robot cell provided with an
inert chamber for processing reactive alloys

Figure 1. MAGNEO concept showing the main research topics. 
*DFT: Density Functional Theory &ML: Machine Learning

CONCLUSIONS

Figure 6. M1 & M9 DED-LB OM macrographs showing multiple defects as cracks, porosity and material detachment with correlated
electron back scattered diffraction (EBSD) maps depicting the grain morphology and orientation.  

Figure 8. M9 DED-LB (left) bulk XRD show reflections consistent
polycrystalline BCC based phases. The weak 100 reflection
indicate the presence of ordered primitive cubic (Pc) AlNi in
addition to the disordered body centered cubic (Ic) FeCo phase.  
(above) MOI micrographs show magnetic features that is not
observed in the DG reference samples (Figure 9).

Figure 10. Correlated HAADF STEM and EDX Intensity maps of thermo magnetic treated (TMT) DG Alnico5 depicted along the [100]
direction. The Ic FeCo domains are elongated along the [001] TMT DG direction and encapsulated by Pc AlNi with Cu-precipitates. The
nanostructure is a result of a spinodal decomposition process during the TMT.     

Figure 9. Correlated MOI, EBSD and SEM of DG
Alnico5 with Nb addition showing strong [001]
texture. NbC, with a cubic face centered
structure, decorate grain boundaries (bright
regions) and precipitates as plates on {100}
planes in the matrix (above). 

AlNiCo 5 has been successfully atomized with the powder showing good flowability
despite the presence of some internal porosity and satellites.
Laser printability of AlNiCo 5 is challenging probably due to the hardness of this
alloy together with its susceptibility to absorb impurities associated with several
types of defects.
The printed samples lack the strong [001] texture of the DG AlNiCo 5 alloy.
Nb act as a C-getter.
Decomposed FeCo-AlNi exist directly after printing and indications of an FCC
based structure of AlNiFeCo was not found.Figure 5. M1 & M9 DED-LB printed coupons selected to study and printing conditions


