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Abstract. Magnetic properties of barium ferrite that were mashed by High Energy Milling (HEM) has been

characterized. The starting iron oxide powder (Fe2O3) and barium carbonate (BaCO3) were prepared by
powder metallurgy technique by the stages of mixing, calcining, milling, compacting, and sintering. Weight
ratio of Fe2O3: BaCO3 was 88.74 wt% : 17.52 wt%. Some additives such as calcium oxide (CaO), silicon
dioxide (SiO2), and polyvinyl alcohol (PVA) were added after calcining process. Milling by HEM was varied
at 30, 60, 90, 120, and 150 minutes. The ball and container of HEM were made of stainless steel.
Characterization micro structure by SEM showed that the milling time affect the grain size of the magnetic
powder. The longer of milling time, the grain size was smaller and uniform. Characterization by using
magnetic instrument Permagraph showed that the grain size will affect the magnetic properties of barium
ferrite. Induction of remanence (Br), coercivity (HcJ), and product energy maximum (BHmax) values
increased with increasing milling time. The optimal magnetic properties were obtained at the time of milling
120 minutes with value of Hc = 1.97 kG, HcJ = 2.314 kOe, and BHmax = 0.64 MGOe.

1 Introduction
Barium ferrite are known as ceramic magnet and
permanent magnet materials which are based on iron
oxide (Fe2O3) and barium carbonate (BaCO3) [1]. This
magnetic has a hexagonal structure, so it is also known
as
barium
hexaferrite.
The
structure
is
magnetoplumbite/M-type with the general formula is
MFe12O19 or MO.6Fe2O3, where M is Barium (Ba),
strontium (Sr) or lead (Pb) [2]. Fig. 1. shows crystal
structure of M-type barium hexaferrite BaFe12O19. This
structure can be symbolically described as S*RSR*S*
where R denotes a three-layer block containing two O4
and one BaO3 with the composition Ba2+Fe63+O112-,
while S denotes a two-layer block containing two O4
with the composition Fe63+O82-. Crystal structure of Mtype barium hexaferrite BaFe12O19 [3]. The colours of
spheres; red, pink, gray, blue and yellow represent iron
atoms in 2a,4f1,12k,4f2, and 2b sites respectively. Small
green spheres represent oxygen atoms, while larger cyan
spheres represent barium atoms [4].
This magnet having high coercivity, high
temperature curie, large saturation magnetization, good
chemical stability, and corrosion resistive [5]. Use of
ferrite magnet materials are one of the most widely in the
world although they have less magnetic strength than
rare earth magnets. This is because the magnets are
cheaper than rear earth magnets [6].

Fig.1. Cell unit of Barium Hexaferrite [4]

There are many methods have been developed for
the preparation of barium ferrite to get excellent
magnetic properties. YY. Meng, Li Jie, and Zhidong [79] have synthesize barium ferrite by sol gel method by
reacting iron nitrate (Fe(NO3)3), barium nitrate
(Ba(NO3)2, and citric acid were dissolved into distilled
water. Co-precipitati on method has been carried out by
the researchers by reacting a solution of iron in the ferric
chloride with barium chloride in water was poured into
an NaOH/Na2CO3 alkaline solution [10-11]. R.
Nowolsieski [12] and many researchers have been using
powder metallurgy for making barium ferrite magnet by
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the reaction of iron oxide and barium carbonate. Among
these methods, powder metallurgy process has been
considered the best method and the most often use to
produce barium ferrite in large scale product. The main
advantage of this methodis able to produce a ceramic
material that has a high melting point. Many factors in
the powder metallurgy process that could affect the
properties of magnetic materials such as grain size of the
powder after milling. Mechanical treatment ball milling
is now recognized as a powerful tool to get fine ferrite
powder. In this research refining the grain size of
magnetic powders do by High Energy Milling (HEM)
with variations of milling time. Magnetic properties
after milling observed by Permagraph, micro structure
determined by using SEM and the formation of ferrite
compounds by XRD.

Fe2O3 :BaCO3= 88.74 wt% : 17.52 wt%.

Milling by HEM with various time
0, 30, 60, 90, and 120 minutes

Calcining at temperature 1200ºC for 3 hours

Adding additives and Mixing by HEM
for 60 minutes

2 Experimental details
A mixture of iron oxide (Fe2O3) and barium carbonate
(BaCO3) was made base on the composition formula of
barium ferrite BaO3.98Fe2O3. The calculation chemical
composition based on impurities of iron oxide was
obtained weight ratio of Fe2O3 : BaCO3 was 88.74 wt% :
17.52 wt%. Both materials were mixed and milled by
High Energy Milling (HEM) type ultimate gravity with
various time 0, 30, 60, 90, and 120 minutes. 0 minute
means that the mixture did not do milling by HEM.
Alcohol was added into a mixture as much as 60% wight
of mixture. The next step was calcination process in a
furnace (Thermolyne) at temperature 1200ºC for 3 hours.
Calnined powders were characterized by SEM JEOL
JCM 6000 USA to determine microstructure and grain
size. Analysis of ferrite coumpound after calcination
process by using XRD. Some additives such as silicon
oxide (SiO2), calcium oxide (CaO), and polyvinyl
alcohol (PVA) was added approximately 0.75 – 1.5
weight % of calcined powder. The next process, the
mixture was milled again by HEM for 60 minutes to
obtain a homogeneous powder. After that, the mixture
was dried at temperature 100ºC and sieve with a shieve
shaker 400 mesh and the magnet powders were ready to
be pressed. The amount of the samples was 2 g, was
performed in disk shape with a diameter 11.55 mm and a
thickness 5 mm. The compacting pressure at 5 tons/cm2
by hydraulic press. The compact samples were placed on
an alumina substrate and were sintered at temperature
1250ºC in air atmosphere with one hour holding time and
heating rate was 10ºC/min. Magnet samples that have
been sintered tested by Permagraph Magnet Physik
Germany to determine magnetic properties of the
samples. Flow chart of the experiment by powder
metallurgy process can be seen in Fig. 2.

Drying at temperature 100ºC and sieve

Compacting at 5 tons/cm2

Sintering at 1250ºC

Analyzed

Fig.2. Flow Chart of Process

3 Results and discussion
The observation result of microstructure and grain size
of samples that milled at 0 minutes until 120 minutes can
be seen in Fig. 3.
SEM analysis shows that milling time can influence
microstructure and grain size of the samples. Picture was
observed at magnification x1000. In Fig. 3. (a) sample (0
minutes) still has large grain size and inhomogeneous.
After milling process 30-120 minutes, the grain size
become homogenous and smaller. Homogenous
distribution of ferrite powder particles after milling is an
important factor that could affect the formation of ferrite
and the magnetic characteristic [13]. The grain size will
affect the magnetic properties because the grain size and
grain boundaries will disrupt the movement of momen
magnet [14]. The increase in magnetic moment depends
on the structure of the grain boundary and grain size
[15]. It will be proved after the measurement of magnetic
properties.
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Fig.3. Microstructure and Grain Size of Samples

In Fig. 4. powder XRD patterns of calcine powder with
different milling times (0 – 120 minutes) are shown.
Sharp peak indicating the high crystallinity of the
samples. The blunt peak showed crystalline sample is
not perfect. Samples were milled at the times 0 – 60
minutes has not had sharp peaks. Sharp curve has shown
after milling 90 minutes. The compound formed is
barium ferrite (BaFe12O19), still there are hematite
(Fe2O3), and magnetite (Fe3O4) that unfinished reacted
with barium carbonate (BaCO3). For the sample milled
120 minutes, the formation of barium ferrite compound
is better. These effect indicate that milling process by
HEM on ferrite powder will influence the formation of
barium ferrite.
XRD characterization results of samples that have
been sintered can be seen in Fig. 5. The curve of sintered
powder are sharper than calcined powder. The
coumpound is formed almost entirely is barium ferrite.
Fe3O4 has reacted become BaFe12O19, while Fe2O3
compound is still there.

Fig.5. Diffraction Patterns of Sintered Powder
a

On Fig. 4. And Fig. 5. can be seen that after the sintering
process the formation of barium ferrite magnetic
material more complete and perfect. It can be shown
from number of compound BaFe12O19 that appear on the
XRD curve of
Fig.6 shows hysteresis loop of barium ferrite after
milling 0, 30, 60, 90, and 120 minutes. The powder were
observed after sintering 1250ºC by using Permagraph.
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4 Conclusion
Barium ferrite was sucessfully characterized after
milling by HEM. The milling time influences of grain
size, formation of compound, and magnetic properties of
barium ferrite. The following conclusions are :
-

The longer milling times will make increasingly
refined powder.
- Density of ferrite powder increased.
- Increas in density can affect magnetic properties
- The formation of barium ferrite most perfect is the
ferrite powder the milling time of 120 minutes.
- Magnetic properties is better because fine and
homogenous powder can align magnetic moment
easily.
In the next research, addition of milling time should be
added to determine the influences.

Fig.6. Hysteresis Curve of Samples

Fig. 6. Hysteresis loops for milled samples showing
the effect of milling process on the shape of the
demagnetization curve. At longer milling times,
saturation magnetization keeps nearly constant, while
that induction of remanence (Br) increase. Increasing in
coercivity (HcJ) is associated to high density of internal
stresses. Decreasing of product energy maximum
(BHmax) as a consequence of the grain size is below of
the exchange correlation length. High values of
coercivity are related to particles are significantly
smaller than the single-domain size. Sample which has
the best magnetic characteristics is sample milled 120
minutes with the value of Br = 1.97 kG, HcJ = 2.314
kOe, BHmax = 0.64 MGOe, and density 5.01 g/cm3. The
magnetic properties of samples obtained from hysteresis
curve of barium ferrite is shown in Table 1 below.
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