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Additive manufacturing of NdFeB magnet powder using the Laser Powder Bed Fusion process is an emerging area of
interest with potential to improve electrical machines with design freedom. This technology is not only dependent on the use
of optimised process parameters, but also on the characteristics of the powder being used and the powder’s fitness for use
over time or after recycling. However, current research about the characteristics of the NdFeB magnet powder used and the
effect of powder reuse is still limited. The aim of the research was to characterize the NdFeB powder used in virgin
condition and after one manufacturing cycle with a Concept Laser M2 Cusing machine. An in depth understanding of the
powder characteristics will provide insight on powder behaviour and melt-pool during processing. To achieve the
research’s goal, the characteristics of the virgin and recycled NdFeB powder were investigated. It was found that there was
an increase in particle size observed after just one time of recycling. Majority of virgin and recycled powders showed good
sphericity, with some elongated particles and satellite particles found. Both conditions of powders tested also present a good
Sflowability according to the Hausner ratio and angle of repose. The rheology and flowability of the powder were also tested
using the FT4 rheometer and Revolution Powder Analyser to better understand powder behaviour during spreading in the
Laser Powder Bed Fusion process.

However, the manufacturing methods for NdFeB remain
conventional in the form of spark plasma sintering (SPS) and
injection molding (IM). Additive manufacturing (AM) of NdFeB is an
emerging area with limited reported work exploring the design

1. Introduction

In the history of permanent magnets (PM), various types of PMs

have been developed since 1930s, namely, the ferrite and Alnico PMs,
followed by the Samarium Cobalt PMs and in the 1980s, the
Neodymium (NdFeB) PMs which are the strongest among all the
PMs. This gave rise to the wide use of NdFeB PMs as their strength
enabled the miniaturization of various products used in modern

applications.
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Fig. 1 Development of PMs over the years [1]

freedom and possibilities offered by AM. Design freedom offers the
potential to overcome inherent limitations of the NdFeB which is its
operating temperature as cooling channels can be printed with AM.
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Fig. 2 Temperature dependence of (BH)max for PMs [2]
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Figure 3. Cooling channel in NdFeB part fabricated using AM [3]

In addition to design freedom, AM also carries good potential to be
a more sustainable alternative for RE PMs compared to conventional
subtractive manufacturing technology. To enable this technology, it is
important to optimise not only the process parameters but also
understand better the material being used in this process.

2. Powder characterisation

2.1 Powder characteristics

The powder’s rheology flow properties and packing density are
important and key enabling characteristics required for the LPBF
process. In LBPF, homogenous powder spreading is required to
enable uniform energy absorption in the processing area [4]. This can
only be achieved with good powder flowability when spread using
apparatus such as a recoater.
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Fig. 3 Powder characterisation of materials in LPBF

Powder flowability can be attributed to numerous factors such as;
particle size distribution (PSiD), particle morphology (shape
distribution) and moisture content [5]. Therefore, it is important to
assess contributing factors affecting the powder flowability.

The study of the effect of powder characteristics, especially with
regards to particle size and shape distribution on final part properties
is an ongoing complex area of research with compounding effects
which affect powder fusion and melt pool efficiency as summarized
in the figure below.
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Fig. 4 Effect of poor particle sphericity on printed part quality

2.1.1 Powder of interest

The powder of interest in this paper is the MQP-S-11-9-20001
(MQP-S) powder manufactured by
Determined by means of Energy Dispersive X-Ray Spectroscopy

Neo Magnequench [6].

(EDX) and Scanning Electron Microscope (SEM), its composition is
said to be Fe70.8-Nd18.2—Zr4.3—C02.4-Ti2.2-Pr2.1 (composition in
wt%) and the powder shape is spherical with minimal satellites
[7,8,9]. The sphericity of the powder may be visualised in the figure
below, extracted from a study by C. Huber et al. [10]

The powder being tested in this research is (i) the MQP-S powder
in its virgin condition and (ii) the MQP-S powder after being used
once where a part has been printed with it and subsequently collected
to test with.

2.1.2 Trends on effect of powder characteristics

Balbaa et al. have found that fine particles of AlSil0Mg (D50 =
9um) produced parts with lower dimensional accuracy as compared
to the coarser ones (D50 = 40um). This phenomenon is said to be due
to the higher inter-particle friction in the fine powder, causing poor
powder flowability. Additionally, it was also mentioned that
inhomogeneous spreading is a direct cause of poor powder
flowability [11].

2.2 Methods
2.2.1 Method of collecting virgin powder

MQP-S powder was received in 2 bottles of 20 kg each where
they were both sampled with a scoop in accordance with ASTM B215
- Standard Practices for Sampling Metal Powders.

2.2.2 Method of collecting powder to be reused

A print of 25 cubes was completed with parameters obtained from
literature and the powder un-sintered in the build platform was
collected after the print.

Fig. 5 Print of 25 cubes where powder to be reused was collected

2.2.3 Characterisation methods

The equipment used for powder characterisation is summarized in
the figure and table below. Various equipment conventionally used for
particle analysis have been used. Due to the limited availability of
commercial powder characterisation equipment, these equipment
sometimes used in the fast moving consumer goods and
pharmaceutical industries have been used here today to give us an

insight on the intrinsic and extrinsic characteristic characteristics of
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the MQP-S powder, as well as its behaviour when subject to
rheological forces using the Revolution Powder Analyzer equipment

and FT4 Rheometer.
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Results for the virgin powder show that there is minimal
bottle-to-bottle variation with a thorough understanding of the powder Fig. 8 SEM image of recycled powder with satellite particles
characteristics achieved as shown in the figure below.

Among all the information gathered with the extensive testing 3. Conclusion

completed, the key take away is that the Neodymium powder has a The utilization of the powder characterisation results will be
size range of 19 to 73 microns, hall flow rate of 19 seconds and useful in later parts of the research where we can use above data to
density of 7.34 grams per cm3. These results suggest that it should  conduct data-driven modification of the powder if needed, identify
not have much issue with spreading as it is similar to other powder trends, understand final part properties and limitations of topology
used in literature such as Inconel and Stainless Steel. optimisation of part design.

One study has shown that the typical range for Inconel powder An example of the use of powder characterisation data would be
used in laser powder bed fusion is between 15um to 63um [12], and to correlate powder characteristics such as the sphericity of the
that is close to the measured size range of the Neodymium powder. powder against the spreading performance of powder in the LPBF
Inconel’s hall flow rate of 28 seconds also suggest that the measured  machine. For example, a measured increase of elongated particles as
Neodymium powder will likely flow well too, since it has a quicker shown in the figure below using microscopy methods (i.e., Malvern
flow rate. Morphologi G3) can explain streaks which sometimes are observed

when attempting to print using LPBF methods.
Understanding the underlying reason for observed phenomenon is
important to guide follow-up actions in attempt to remedy the
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challenge faced. For example, the size range where many elongated
particles are identified using microscopy can be removed by sieving
as the identified sieve size based on the measurement results. Another
example would be if the measured high moisture content was
observed to correlate against poor flowability, the user could use this
data to drive efforts to dry the powder and reassess for drying
efficiency and observed improvement in flowability after drying.
Other measures of powder characteristics such as flowability and
moisture can also be used as indicators of flow behaviour during
spreading and potentially explain any observed phenomena with the
spreading of powder during the LPBF process.

Powder characterisation work can even be extended to aid in
simulation studies such as in Discrete Element Method (DEM)
simulation. In a few separate studies I was involved in, this area was
investigated, and DEM has been shown to be able to model both Hall
flow and Revolution Powder Analyser (RPA) to predict some powder
intrinsic properties, like flowability, friction. In RPA, factors for the
powder dynamics behaviour were mainly intrinsic properties, such as
size, material property, frictional mechanics, etc [13, 14]. Therefore, it
is a suitable tool to test and predict powder properties. Future work
could be the incorporating of more complicated factors such as
powder shape and adhesion interaction in DEM to achieve a more
realistic representation.
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