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Composite hard magnet NdFeB materials were made using powdered rapidly quenched Nd-Fe-B (MQP-B) and
polymers (bakelite). The proportion of the polymer matrix was varied (2.0, 5.0, 7.0, and 10 wt.%). The compos-
ite hard magnet NdFeB materials were compacted using one-sided uniaxial hot pressing at 160 °C for 20 min.
The bulk density of the composite hard magnet NdFeB was measured using the Archimedes method. Compres-
sion tests were carried out using the Universal Testing Machine. The results show that a permanent magnet
composite with a 2 wt.% bakelite binder composition exhibits higher bulk density and superior magnetic
parameters (i.e., remanence, coercivity, and energy product), but slightly lower compressive strength of approx-

imately 845 kgf/cm®.
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1. Introduction

Hard magnetic materials can be classified into two
groups: conventional magnets such as steels, AINiCo
magnets, and ferrite magnets, and a modern magnetic
group including Sm-Co magnets, Nd-Fe-B magnets, and
others [1]. Research in the field of hard magnetic materials
is still developing and is mainly focused on improving the
magnetic, mechanical, physical, and chemical properties
in order to broaden their applications [2]. Permanent
magnets based on rare earth metals, such as Nd-Fe-B, are
classified as hard magnetic materials that have a very
high coercive force and energy product, but have a low
temperature coefficient [2, 3]. In the field of hard mag-
netic materials, attention is generally directed at the
structures of the intermetallic phases of rare earth metals
such as Nd-Fe-B that show excellent hard magnetic pro-
perties [4]. Polymer composite materials with a magnetic
filler have physical, magnetic, and thermal properties
superior to those of polymers, are easy to process, and
have a low production cost. If the polymer composite
material is made using a hard magnetic filler such as
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NdFeB, then this material is called a composite hard
magnet NdFeB. The properties of polymer composite
hard magnet NdFeB depend on the matrix and filler
characteristics as well as on their technological processing
and environmental action [5]. The environmental condi-
tion is very important in the production process because
NdFeB material is classified as being highly reactive with
oxygen at room temperature [6]. The physical and mech-
anical properties of the composite hard magnet NdFeB
depend mostly on the percentage of magnetic powder and
polymer used as a binder and the processing technology
employed [7]. The proportion of the polymer in the
manufactured composite hard magnet NdFeB affects the
magnet’s mechanical and magnetic properties [6, 7]. The
composite hard magnet NdFeB has many advantages:
using it is a simple technology, its properties can be
varied, and it has lower manufacturing costs because of
its inexpensive finishing and ability to form as any shape
[7, 8]. There are many types of polymer materials that are
generally used for the manufacture of a composite hard
magnet NdFeB, such as low- and high-density polyethyl-
ene, copolymers with polystyrene end blocks and a rubbery
polyethylene-butylene mid block, natural rubber, silicone
polymers, polyethylene glycol and styrene butadiene
rubber, and pentaerythritol tetrapolyethylene glycol ether
with four thiol-modified terminals. Because bakelite has
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been widely used for electrical components and automotive
accessories, it can be used as an adhesive in the manu-
facturing of magnets. Bakelite is the synthetic plastic
form of polyoxy benzyl methylen glycolanhydride. It is a
thermosetting phenol formaldehyde resin. The molding
temperature of bakelite is 160°-180 °C and it has a
density value of approximately 1.4 g/cm® [9]. Many authors
have conducted research on permanent magnet composites
using polymers such as rubber, epoxy resin, nylon, and
polyvinyl butiral [10, 11]. To date, much effort has been
spent on improving the magnetic and mechanical pro-
perties of manufactured magnetic composite. The magnetic
composites can be prepared using conventional techniques
or new technological breakthroughs. Conventional techni-
ques generally involve extrusion and compression, and
the improvement of such techniques generally depends on
the selection of the polymer type and increased loading of
the magnetic particles [12]. Conversely, modern techniques
are being developed by researchers, which include im-
provements such as the development of surface modifi-
cation by adding surface agents, using selective laser
melting methods, and using advanced 3D printing [12,
13]. The new technological breakthroughs have many
advantages: they can produce permanent magnet com-
ponents with no limitations on shape and dimension and
can result in superior magnetic properties [13, 14]. The
composite hard magnet NdFeB is used for small electric
motors, generators, and hard-disk electromagnetic and
radio-frequency interference shielding for electronic devices
and electrostatic dissipation [15, 16]. In this paper, the
results of an experimental study of the manufacture and
characterization of composite hard magnets with a bake-
lite polymer matrix and Nd-Fe-B magnetic fillers are
presented. The composite hard magnet NdFeB is analyzed
and conclusions regarding the effect of the polymer and
filler content on the physical, mechanical, and magnetic
properties are presented.

2. Experiments

The materials of the composite hard magnet NdFeB
were made using powdered rapidly quenched Nd-Fe-B
(MQP-B) and bakelite polymers. The average particle
diameter of the MQP-B-type NdFeB was 47.82 ym and
that of the bakelite polymer was 26.64 um. The amount
of the polymer was varied to be 2.0, 5.0, 7.0, and 10 wt.%
Both raw materials were weighed and mixed to obtain
various compositions of the bakelite polymer using a
pestle and mortar, and the total weight for each com-
position was 30 g. Then, the mixed powders were formed
using an automatic hydraulic hot press machine (one-
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sided uniaxial hot pressing) at 160 °C for 20 min to obtain
pellets with a diameter of 15 mm and a thickness of
approximately 20 mm. The bulk density of the composite
hard magnet NdFeB was measured using the Archimedes
method with water as the liquid media. The bulk density
was calculated using the following formula [17, 18]:

Bulk density = — md

md—mw "' )

where :

md = dry mass sample (g)
mw = sample mass hung in water (g)
pl = water density at room temperature (g/cm?)

The compression strength test was conducted using the
Universal Testing Machine (UTM-18000-USA) at room
temperature with a compression rate of 4 mm/min. The
compressive strength was calculated as follows [19]:

F
=< 2
o= @)
Where :
o = compressive strength (kgf/cm?)
F = force (kgf)
A = area of surface sample (cm?)

An examination of the magnetic properties (hysteresis
curve) of the composite materials was carried out at room
temperature using the Permeagraph Physic Dr Steingro-
ever GmbH, with a maximal external field of 2.5 T. The
microstructure of the pellet sample was observed using
the SEM-Hitachi SU-3500.

3. Results and Discussion

The bulk densities of the samples with varying bakelite
polymer composition are presented in Fig. 1.
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Fig. 1. The curves of bulk density as function of percentages
of bakelite polymer binder.
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Fig. 2. Mechanical property curves as a function of the com-
position of polymer binder.

The results shown in Fig. 1 indicate that as the polymer
binder composition increases, the bulk density tends to
decrease. This is due to the difference in the density of
the NdFeB particle (r = 67 g/cm’) and bakelite (r = 1-2
g/em?), the bakelite density is much lower than that of
NdFeB. If the bakelite composition increases or the
NdFeB filler composition decreases, the density of the
composite will decrease. Figure 2 shows the mechanical
property curves of samples as a function of the com-
position of the polymer binder; the larger the composi-
tion, the greater the compressive strength.

According to the results shown in Fig. 2, the highest
compressive strength is approximately 1240 kgf/cm? for a
sample with 7 wt.% bakelite binder and a hot press
temperature of approximately 160 °C.

The magnetic properties of all the samples were mea-
sured using the Permeagraph. Data from the permeagraph
curves such as the remanence, coercivity, and energy
product are presented in Fig. 3.

The magnetic properties of the NdFeB magnetic com-
posite, such as remanence (Br), coercivity (Hic), and
energy product (BHmax) are significantly influenced by
polymer composition. With greater proportion of the
polymer binder, Br and BHmax tend to decrease, but the
Hic value tends to remain stable. Samples with 2 wt.%
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Fig. 3. The magnetic Properties curves as function of bakelite
composition.

bakelite polymer have stronger magnetic properties. Based
on the results of the test of magnetic properties (Fig. 3),
the strongest magnetic properties were achieved using
samples with a 2 wt.% bakelite composition, namely, Br
= 6.25 kGauss, BHmax = 5.65 MGOe, and Hic = 7.78
kOe. Using more bakelite definitely increases bonding
strength and so the compressive strength increases, which
is in contrast to the results of the compressive strength
test: the greater the bakelite polymer composition, the
greater the compressive strength. Since the magnetic
composite material is desirable because of its magnetic
properties, a low polymer material composition is pre-
ferred; however, a certain level of mechanical strength is
still required. The results of SEM for the samples with 2
wt.% and 5 wt.% bakelite are shown in Figs. 4(a) and (b).
Figure 4(a) indicates the presence of white bakelite
polymer between the grains that bind one grain to another.

Figure 4(b) indicates that polymeric bakelite is not only
present in the grain boundary but also partly in the
surface of the grain. In Fig. 4(a), the bakelite material can
only be observed in the magnetic particle gaps (grain
boundary), but in Fig. 4(b), which shows the sample with
a larger bakelite composition (5 wt.%), the bakelite

(b)
Fig. 4. Photo SEM of sample composite with (a) 2 % bakelite and (b) 5 bakelite.
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material can be observed not only in the gaps between the
magnetic particles but also covering some of them. With
the increase in the bakelite composition and the influence
of heat (160 °C), bakelite starts to melt, and because of
the presence of external pressure (hot press), it starts to
flow, filling the gaps between the particles and partly
enveloping them. When the temperature returns to room
temperature (cooling stage), the fused bakelite freezes and
sticks to the surface of the magnetic particles. If there are
more bakelite adhesives, the bond strength between the
magnetic particles as well as the compressive strength tend
to increase, but the magnetic properties tend to weaken.
The SEM images indicate that the bonding mechanism of
the bakelite is limited to the surface of the magnetic
particles, which in fact means that the magnetic properties
of the samples tend to weaken with more adhesive material
on the surface of the particles. Furthermore, the weaken-
ing of the magnetic properties is also influenced by the
density of the magnetic composite samples. With a greater
bakelite composition, the magnetic particle loading de-
creases, which in turn tends to decrease the density and
magnetic properties, because Br and BHmax are in direct
proportion to the relative density of the magnet [20].

4. Conclusion

The binder polymer composition for the manufacture of
permanent magnetic composites considerably influences
their bulk density, mechanical properties, and magnetic
properties. A permanent magnet composite with 2 wt.%
bakelite binder has the highest bulk density (5.25 g/cm’);
the strongest magnetic parameters, namely, Br = 6.25
kGauss, BHmax = 5.65 MGOe, and Hic = 7.78 kOe; and
a high compressive strength of approximately 845 kgf/

cm>.
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