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(54) Ferrite magnet with salt and manufacturing method of the same

(57) There is provided a ferrite magnet with salt in-
cluding 40 to 99.9 weight % of ferrite and 0.1 to 60 weight
% of salt, wherein the salt has a melting point lower than
a synthetic temperature of the ferrite, and the salt is melt
to form a matrix between the ferrite particles, and a man-
ufacturing thereof.

In addition, there is provided a ferrite magnet with
salt, having advantages in terms of process conditions
due to fast synthesis reaction at low temperatures com-
pared to typical magnets, easily obtaining nano-sized

particles having high crystallinity, preventing cohesion
between particles and particle growth by molten salt, al-
lowing sintering at temperatures lower than typical during
the molding and sintering processes for producing a fer-
rite magnet with salt due to synthesized ferrite magnetic
powder with salt thus preventing the deterioration of mag-
netic characteristics due to particle growth, and allowing
alignment in the direction of magnetization easy axis to
obtain higher magnetic characteristics.
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Description

BACKGROUND

1. Field

[0001] The following descriptions relates to a ferrite
magnet and a manufacturing method thereof.

2. Background

[0002] Soft ferrite refers to a material in which the
speed of magnetization is fast even with a slight magnetic
field to suddenly saturate the magnetization of the ma-
terial and also erasing or inverting residual magnetization
can be sufficiently accomplished even with a weak mag-
netic field, and due to such characteristics it is mostly
used for devices for filtering or amplifying signals.
[0003] Hard ferrite typically refers to a permanent mag-
net made of ferrite, which has a lot of applications be-
cause a strong magnetic field in an inverse direction is
required while not requiring voltage application even
when removing or inverting residual magnetization, and
a constant magnetic field can be generated while not
generating heat in itself.
[0004] The application of ferrite are made through
molding and sintering, and have been used in the broad
fields in the aspect of allowing various shapes and re-
quiring a low cost.
[0005] Soft ferrite has been used for deflection yokes
(DYs) and fly back transformers (FBTs) which are com-
ponents for Braun tube to enhance the function of elec-
tronic deflection and power supply devices. In recent
years, soft ferrite has been mostly used in the fields of
IMT related communication cores and electromagnetic
interference (EMI) cores for absorbing electromagnetic
waves and removing noises in addition to home appli-
ance industries such as flat televisions (TVs), digital tel-
evisions (TVs), and the like.
[0006] Hard ferrite is mostly applicable to electrome-
chanical energy conversions such as a speaker, a per-
manent magnet motor, a moving coil type device, a mag-
netic generator, microphone, and the like, and also used
for a storage media, and the like.
[0007] In order to apply such a ferrite magnet to various
fields, it is important to obtain fine single domain powder
having an excellent dispersibility.
[0008] There has been an attempt for obtaining fine
single crystalline ferrite magnetic powder by adding salt,
a technology for adding a large amount of sodium chlo-
ride or potassium chloride on the basis of a solid state
reaction method to synthesize barium ferrite (Ba-ferrite)
has been disclosed in the Korean Patent Registration
No. 10-0554500.
[0009] The foregoing method may include the process-
es of mixing a raw material with salt according to the
objective material and characteristic to correspond to a
stoichiometric ratio so as to synthesize ferrite precursor

powder, and performing a heat treatment for crystalliza-
tion and then removing salt.
[0010] According to the foregoing method, it may be
possible to produce small particles less than 100 nm, but
the cohesion of particles may easily occur due to the
characteristics of ferrite magnetic particles during he
process of removing salt.
[0011] Furthermore, even though fine particles are pro-
duced through the above complicated process, it may be
impossible to prevent particle growth during he sintering
process. The problems due to the manufacturing method
may cause an increase of the process cost as well as
the deterioration of magnetic characteristics.
[0012] Sodium chloride or potassium chloride may be
added to try a ferrite magnetic powder synthesis and ob-
tain fine particles, but the molding and sintering process-
es are carried out subsequent to removing molten salt to
form magnets, and thus there still remain problems in
that it is difficult to suppress the growth of ferrite magnetic
particles, and also the alignment of magnetic nanoparti-
cles required to maximize magnetization cannot be easily
achieved.

SUMMARY

[0013] A purpose is to provide a ferrite magnet with
salt having a high saturated magnetization and coercive
force and having a low cohesion between ferrite particles
in order to solve the foregoing problems.
[0014] Another purpose is to provide a method of man-
ufacturing a ferrite magnet with salt, having advantages
in terms of process conditions due to fast synthesis re-
action at low temperatures compared to typical magnets,
easily obtaining nano-sized particles having high crystal-
linity, preventing cohesion between particles and particle
growth by molten salt, allowing sintering at temperatures
lower than typical during the molding and sintering proc-
esses for producing a ferrite magnet with salt due to syn-
thesized ferrite magnetic powder with salt thus prevent-
ing the deterioration of magnetic characteristics due to
particle growth, and allowing alignment in the direction
of magnetization easy axis to obtain higher magnetic
characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are includ-
ed to provide a further understanding and are incorpo-
rated in and constitute a part of this specification, illustrate
examples.
[0016] In the drawings:

FIG. 1 is a schematic diagram illustrating ferrite mag-
netic powder with salt;
FIG. 2 is a schematic diagram illustrating a process
of manufacturing a ferrite magnet with salt;
FIG. 3 is a graph illustrating an X-ray diffraction
(XRD) pattern of barium ferrite magnetic powder with
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sodium chloride synthesized according to Examples
1 through 3;
FIGS. 4 and 5 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with
sodium chloride synthesized according to Example
1;
FIGS. 6 and 7 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with
sodium chloride synthesized according to Example
2;
FIGS. 8 and 9 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with
sodium chloride synthesized according to Example
3;
FIG. 10 is a graph illustrating an X-ray diffraction
(XRD) pattern of barium ferrite magnetic powder with
potassium chloride synthesized according to Exam-
ples 4 through 6;
FIGS. 11 and 12 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with
potassium chloride synthesized according to Exam-
ple 4;
FIGS. 13 and 14 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with
potassium chloride synthesized according to Exam-
ple 5;
FIGS. 15 and 16 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with
potassium chloride synthesized according to Exam-
ple 6;
FIG. 17 is a graph illustrating an X-ray diffraction
(XRD) pattern of barium ferrite magnetic powder syn-
thesized according to Comparative Examples 1
through 3;
FIGS. 18 and 19 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder syn-
thesized according to Comparative Example 1;
FIGS. 20 and 21 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder syn-
thesized according to Comparative Example 2;
FIGS. 22 and 23 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder syn-
thesized according to Comparative Example 3;
FIG. 24 is a graph illustrating an X-ray diffraction
(XRD) pattern of barium ferrite magnetic powder with
sodium chloride synthesized according to Examples
7 through 9;
FIGS. 25 and 26 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with
sodium chloride synthesized according to Example
7;
FIGS. 27 and 28 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with
sodium chloride synthesized according to Example
8;
FIGS. 29 and 30 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with
sodium chloride synthesized according to Example

9;
FIG. 31 is a graph illustrating an X-ray diffraction
(XRD) pattern of barium ferrite magnetic powder with
potassium chloride synthesized according to Exam-
ples 10 through 12;
FIGS. 32 and 33 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with
potassium chloride synthesized according to Exam-
ple 10;
FIGS. 34 and 35 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with
potassium chloride synthesized according to Exam-
ple 11;
FIGS. 36 and 37 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with
potassium chloride synthesized according to Exam-
ple 12;
FIG. 38 is a graph illustrating an X-ray diffraction
(XRD) pattern of barium ferrite magnetic powder with
sodium chloride synthesized according to Examples
13 and 14;
FIGS. 39 and 40 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with
sodium chloride synthesized according to Example
13;
FIGS. 41 and 42 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with
sodium chloride synthesized according to Example
14;
FIG. 43 is a graph in which magnetic characteristics
are evaluated using a vibrating sample magnetom-
eter (VSM) for a barium ferrite magnet with salt pro-
duced according to Example 15;
FIG. 44 is an X-ray diffraction graph for a sintered
body (barium ferrite magnet with salt) produced ac-
cording to Example 15;
FIGS. 45 and 46 are scanning electron microscope
(SEM) photos illustrating a fracture surface of a sin-
tered body (barium ferrite magnet with salt) produced
according to Example 15;
FIG. 47 is a graph in which magnetic characteristics
are evaluated using a vibrating sample magnetom-
eter (VSM) for a barium ferrite magnet with salt pro-
duced according to Example 16;
FIG. 48 is an X-ray diffraction graph for a sintered
body (barium ferrite magnet with salt) produced ac-
cording to Example 16;
FIGS. 49 and 50 are scanning electron microscope
(SEM) photos illustrating a fracture surface of a sin-
tered body (barium ferrite magnet with salt) produced
according to Example 16;
FIG. 51 is a graph in which magnetic characteristics
are evaluated using a vibrating sample magnetom-
eter (VSM) for a barium ferrite magnet with salt pro-
duced according to Example 17;
FIG. 52 is an X-ray diffraction graph for a sintered
body (barium ferrite magnet with salt) produced ac-
cording to Example 17;
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FIGS. 53 and 54 are scanning electron microscope
(SEM) photos illustrating a fracture surface of a sin-
tered body (barium ferrite magnet with salt) produced
according to Example 17;
FIG. 55 is a graph in which magnetic characteristics
are evaluated using a vibrating sample magnetom-
eter (VSM) for a barium ferrite magnet with salt pro-
duced according to Example 18;
FIG. 56 is an X-ray diffraction graph for a sintered
body (barium ferrite magnet with salt) produced ac-
cording to Example 18;
FIGS. 57 and 58 are scanning electron microscope
(SEM) photos illustrating a fracture surface of a sin-
tered body (barium ferrite magnet with salt) produced
according to Example 18;
FIG. 59 is a graph in which magnetic characteristics
are evaluated using a vibrating sample magnetom-
eter (VSM) for a barium ferrite magnet with salt pro-
duced according to Example 19;
FIG. 60 is an X-ray diffraction graph for a sintered
body (barium ferrite magnet with salt) produced ac-
cording to Example 19;
FIGS. 61 and 62 are scanning electron microscope
(SEM) photos illustrating a fracture surface of a sin-
tered body (barium ferrite magnet with salt) produced
according to Example 19;
FIG. 63 is a graph in which magnetic characteristics
are evaluated using a vibrating sample magnetom-
eter (VSM) for a barium ferrite magnet with salt pro-
duced according to Example 20;
FIG. 64 is an X-ray diffraction graph for a sintered
body (barium ferrite magnet with salt) produced ac-
cording to Example 20; and
FIGS. 65 and 66 are scanning electron microscope
(SEM) photos illustrating a fracture surface of a sin-
tered body (barium ferrite magnet with salt) produced
according to Example 20.

DETAILED DESCRIPTION

[0017] There is provided a ferrite magnet with salt con-
taining 40 to 99.9 weight % of ferrite and 0.1 to 60 weight
% of salt, wherein the salt has a melting point lower than
a synthetic temperature of the ferrite, and the salt is melt
to form a matrix (melt salt matrix) between the ferrite par-
ticles.
[0018] The ferrite magnet with salt may have a struc-
ture in which a plurality of ferrites are uniformly dispersed
in salt, and the ferrite may be formed of secondary par-
ticles, and the secondary particles may have a form in
which a plurality of primary particles having a size smaller
than that of the secondary particles are conglomerated
along with salt. In other words, the secondary particles
are formed by conglomeration/agglomeration of the
smaller primary particles with salt.
[0019] The secondary particles may be formed of
spherical particles having a diameter of 0.1 to 20 mm or
non-spherical particles having a size of 0.1 to 1000 mm,

and the primary particles are formed of a size of 5 to 1000
nm. The form and the particle diameter is measured by
SEM in the usual manner.
[0020] The ferrite magnet with salt may have a ratio
(Mr/Ms) of residual magnetization (Mr) to saturated mag-
netization (Ms) greater than 50%.
[0021] The salt may be comprised of at least one or
more kinds of salts selected from a chloride metal salt,
a nitric acid metal salt, and a sulfuric acid metal salt, and
the chloride metal salt may be one or more kinds of salts
selected from NaCl, KCl, LiCl, CaCl2 and MgCl2, and the
nitric acid metal salt may be one or more kinds of salts
selected from NaNO3, KNO3, LiNO3, Ca(NO3)2 and Mg
(NO3)2, and the sulfuric acid metal salt may be one or
more kinds of salts selected from Na2SO4, K2SO4,
Li2SO4, CaSO4 and MgSO4.
[0022] The ferrite may be a hexagonal ferrite, and the
hexagonal ferrite may have a form of MT12O19, and the
M may be comprised of one or more kinds of elements
selected from Ba, Sr and La, and the T may be comprised
of one or more kinds of elements selected from Fe and
Co.
[0023] The ferrite may be a spinel ferrite, and the spinel
ferrite may have a form of M3O4, and the M may be one
or more kinds of elements selected from Fe, Co, Mg, Mn,
Zn and Ni.
[0024] Furthermore, there is provided a method of
manufacturing a ferrite magnet with salt, and the method
may include preparing a source material of the ferrite to
be synthesized, preparing a salt having a melting point
lower than a synthetic temperature of the ferrite to be
synthesized, mixing the source material of the ferrite with
the salt, synthesizing ferrite magnetic powder with salt
while melting the salt, and molding and sintering the fer-
rite magnetic powder with salt into a desired form to ob-
tain a ferrite magnet with salt, wherein the ferrite magnet
with salt comprises 40 to 99.9 weight % of ferrite and 0.1
to 60 weight % of salt, and the salt is melt to form a matrix
between the ferrite particles.
[0025] The salt may preferably use a salt having a melt-
ing point lower than the temperature of synthesizing the
ferrite magnetic powder with salt, and the sintering may
be preferably carried out in a temperature condition of
melting the salt or a temperature and pressure condition
of melting the salt.
[0026] The ferrite magnet with salt may have a struc-
ture in which a plurality of ferrites are uniformly dispersed
in salt, and the ferrite may be formed of secondary par-
ticles, and the second particles may have a form in which
a plurality of primary particles having a size smaller than
that of the secondary particles are conglomerated along
with salt.
[0027] The secondary particles may be formed of
spherical particles having a diameter of 0.1 to 20 mm or
non-spherical particles having a size of 0.1 to 1000 mm,
and the primary particles may be formed of a size of 5 to
1000 nm.
[0028] The ferrite magnet with salt may have a ratio
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(Mr/Ms) of residual magnetization (Mr) to saturated mag-
netization (Ms) greater than 50%.
[0029] The salt may be comprised of at least one or
more kinds of salts selected from a chloride metal salt,
a nitric acid metal salt, and a sulfuric acid metal salt, and
the chloride metal salt may be one or more kinds of salts
selected from NaCl, KCl, LiCl, CaCl2 and MgCl2, and
the nitric acid metal salt may be one or more kinds of
salts selected from NaNO3, KNO3, LiNO3, Ca(NO3)2
and Mg(NO3)2, and the sulfuric acid metal salt may be
one or more kinds of salts selected from Na2SO4,
K2SO4, Li2SO4, CaSO4 and MgSO4.
[0030] The source material of the ferrite may be com-
prised of one or more kinds of materials selected from
Ba(NO3)2, BaCO3, BaCl2, BaSO4, BaO2, Sr(NO3)2,
SrCO3, SrCl2, SrSO4, Sr(OH)2 La(NO3)3, LaCl3 La2
(SO4)3 and La(OH)3 and one or more kinds of materials
selected from Fe(NO3)3, FeCO3, FeCl3, Fe2O3, FeCl2,
Fe(OH)3, Co(NO3)2, CoCO3, CoCl2 and CoSO4, and the
ferrite may be a hexagonal ferrite, and the hexagonal
ferrite may have a form of MT12O19, and the M may be
comprised of one or more kinds of elements selected
from Ba, Sr and La, and the T may be comprised of one
or more kinds of elements selected from Fe and Co.
[0031] The source material of the ferrite may be com-
prised of one or more kinds of materials selected from
Fe(NO3)3, FeCO3, FeCl3, Fe2O3, FeCl2, Fe(OH)3, Co
(NO3)2, CoCO3, CoCl2, CoSO4, Mn(NO3)2, MnCO3,
MnCl2, MnSO4, MnO2, Mg(NO3)2, MgCO3, MgCl2,
MgSO4, Ni(NO3)2, NiCO3, NiCl2, NiSO4, Zn(NO3)2,
ZnCl2, ZnSO4 and ZnO, and the ferrite may be a spinel
ferrite, and the spinel ferrite may have a form of M3O4,
and the M may be one or more kinds of elements selected
from Fe, Co, Mg, Mn, Zn and Ni.
[0032] The source material of the ferrite may be com-
prised of one or more kinds of materials selected from
Ba(NO3)2, BaCO3, BaCl2, BaSO4, BaO2, Sr(NO3)2,
SrCO3, SrCl2, SrSO4, Sr(OH)2 La(NO3)3, LaCl3 La2
(SO4)3 and La(OH)3 and one or more kinds of materials
selected from Fe(NO3)3, FeCO3, FeCl3, Fe2O3, FeCl2,
Fe(OH)3, Co(NO3)2, CoCO3, CoCl2 and CoSO4, and said
synthesizing the ferrite magnetic powder with salt may
include supplying power to a heating means surrounding
the circumference of a reaction chamber in a spray py-
rolysis apparatus and heating the reaction chamber to
maintain a temperature higher than the melting point of
the salt in a consistent manner, supplying a carrier gas
to a sprayer containing a mixture of the source material
of the ferrite and the salt, vibrating the mixture contained
in the sprayer by an ultrasonic transducer to generate
liquid droplets in the sprayer, and introducing the liquid
droplets into the reaction chamber by the carrier gas and
allowing the liquid droplets introduced into the reaction
chamber to be subjected to the pyrolysis and oxidation
reaction to synthesize ferrite magnetic powder with salt.
[0033] There is provided a method of manufacturing a
ferrite magnet with salt, having advantages in terms of
process conditions due to fast synthesis reaction at low

temperatures compared to typical magnets, easily ob-
taining nano-sized particles having high crystallinity, pre-
venting cohesion between particles and particle growth
by molten salt, allowing sintering at temperatures lower
than typical during the molding and sintering processes
for producing a ferrite magnet with salt due to synthesized
ferrite magnetic powder with salt thus preventing the de-
terioration of magnetic characteristics due to particle
growth, and allowing alignment in the direction of mag-
netization easy axis to obtain higher magnetic character-
istics.
[0034] It may have advantages in that the synthesis of
ferrite magnetic powder is carried out within a melting
point to apply a liquid phase sintering mechanism, and
the diffusion speed of particles is far superior to the syn-
thesis in a typical solid phase to further expedite the
speed of synthesis, and high crystalline power can be
obtained at lower temperatures as well as cohesion be-
tween magnetic particles can be prevented within a melt-
ing point.
[0035] Furthermore, the alignment of magnetic parti-
cles may be induced during the sintering process due to
the security of fluidity by residual salt, thus exhibiting
higher magnetic characteristics.
[0036] Furthermore, there exists a disadvantage that
the existing sintering process is carried out at tempera-
tures higher than those at which the particle growth of
ferrites occurs, thereby affecting the magnetic character-
istics. However, there is an advantage that sintering is
possible at temperatures at which the particle growth of
ferrites does not occur (for instance, at the salt melting
temperature or temperatures higher than that), thereby
not affecting the magnetic characteristics of a ferrite mag-
net.
[0037] A ferrite magnet with salt may be applicable to
all types of electronic devices and components that use
soft or hard ferrite magnets.
[0038] Hereinafter, exemplary preferred embodiments
will be described in detail with reference to the accom-
panying drawings. However, it should be understood that
the following embodiments will be provided to allow those
skilled in the art to fully understand the invention, but the
invention may not be necessarily limited to embodiments
described below, and various modifications can be made
within the scope of the present invention.
[0039] A ferrite magnet with salt may contain 40 to 99.9
weight % of ferrite and 0.1 to 60 weight % of salt, wherein
the salt has a melting point lower than a synthetic tem-
perature of the ferrite, and the salt is melt to form a matrix
between the ferrite particles. It is preferable that a ferrite
magnet with salt contains 40 to 99.9 weight %, more pref-
erably 65 to 99.9 weight % of the ferrite, and contains
0.1 to 60 weight %, more preferably 0.1 to 35 weight %
of the salt.
[0040] The ferrite magnet with salt may have a struc-
ture in which a plurality of ferrites are uniformly dispersed
in salt, and the ferrite may be formed of secondary par-
ticles, and the second particles may have a form in which
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a plurality of primary particles having a size smaller than
that of the secondary particles are conglomerated along
with salt.
[0041] The secondary particles may be formed of
spherical particles having a diameter of 0.1 to 20 mm,
and the primary particles are formed of a size of 5 to 1000
nm. The secondary particles may be formed of non-
spherical particles having a size of 0.1 to 1000 mm. The
primary particles may be formed of hexagonal plate
shaped or rod shaped particles.
[0042] The ferrite magnet with salt has a ratio (Mr/Ms)
of residual magnetization (Mr) to saturated magnetiza-
tion (Ms) greater than 50%. The Mr/Ms value may be
greater than 50%, for example, greater than 50% but less
than 99.9%.
[0043] The salt may be comprised of at least one or
more kinds of salts selected from a chloride metal salt,
a nitric acid metal salt, and a sulfuric acid metal salt, and
the chloride metal salt may be one or more kinds of salts
selected from NaCl, KCl, LiCl, CaCl2 and MgCl2, and the
nitric acid metal salt may be one or more kinds of salts
selected from NaNO3, KNO3, LiNO3, Ca(NO3)2 and Mg
(NO3)2, and the sulfuric acid metal salt may be one or
more kinds of salts selected from Na2SO4, K2SO4,
Li2SO4, CaSO4 and MgSO4.
[0044] The ferrite may be a hexagonal ferrite, and the
hexagonal ferrite may have a form of MT12O19, and the
M may be comprised of one or more kinds of elements
selected from Ba, Sr and La, and the T may be comprised
of one or more kinds of elements selected from Fe and
Co.
[0045] The ferrite may be a spinel ferrite, and the spinel
ferrite may have a form of M304, and the M may be one
or more kinds of elements selected from Fe, Co, Mg, Mn,
Zn and Ni.
[0046] A method of manufacturing a ferrite magnet with
salt may include preparing a source material of the ferrite
to be synthesized, preparing a salt having a melting point
lower than a synthetic temperature of the ferrite to be
synthesized, mixing the source material of the ferrite with
the salt, synthesizing ferrite magnetic powder with salt
while melting the salt, and molding and sintering the fer-
rite magnetic powder with salt into a desired form to ob-
tain a ferrite magnet with salt, wherein the ferrite magnet
with salt contains 40 to 99.9 weight % of ferrite and 0.1
to 60 weight % of salt, and the salt is melt to form a matrix
between the ferrite particles.
[0047] Hereinafter, a synthetic temperature of the fer-
rite is used to denote a temperature of synthesizing ferrite
magnetic powder. Various methods such as spray pyrol-
ysis method may be used for the synthesis of ferrite mag-
netic powder, and for example, the synthetic temperature
of the ferrite in case of using the spray pyrolysis method
is a temperature at which liquid droplets are passed
through a reaction chamber to synthesize ferrite magnet-
ic powder, denoting the highest temperature between the
inlet and outlet temperatures of the reaction chamber.
[0048] The salt may preferably use a salt having a melt-

ing point lower than the temperature of synthesizing the
ferrite magnetic powder with salt, and the sintering may
be preferably carried out in a temperature condition of
melting the salt or a temperature and pressure condition
of melting the salt. The sintering may be preferably car-
ried out at temperatures higher than the melting point
(800 °C in case of NaCl, 776 °C in case of KCl) of the
salt when it is not pressurized during the sintering, and
the melting of salt can be carried out even at tempera-
tures lower than the melting point of the salt when it is
pressurized during the sintering. The pressurization dur-
ing the sintering may be preferably carried out in the
range of 20 to 200 MPa.
[0049] The salt may be comprised of at least one or
more kinds of salts selected from a chloride metal salt,
a nitric acid metal salt, and a sulfuric acid metal salt, and
the chloride metal salt may be one or more kinds of salts
selected from NaCl, KCl, LiCl, CaCl2 and MgCl2, and the
nitric acid metal salt may be one or more kinds of salts
selected from NaNO3, KNO3, LiNO3, Ca(NO3)2 and Mg
(NO3)2, and the sulfuric acid metal salt may be one or
more kinds of salts selected from Na2SO4, K2SO4,
Li2SO4, CaSO4 and MgSO4.
[0050] The salt that can exist in a liquid state at a sin-
tering condition (sintering temperature and pressure) of
ferrite along with a source material of ferrite may be add-
ed to induce that a ferrite magnet can be synthesized in
liquefied salt during the sintering, and molten salt may
be used as it is without washing prior to sintering.
[0051] It may have advantages in that the synthesis of
ferrite magnetic powder is carried out within a melting
point to apply a liquid phase sintering mechanism, and
the diffusion speed of particles is far superior to the syn-
thesis in a typical solid phase to further expedite the
speed of synthesis, and high crystalline power can be
obtained at lower temperatures as well as cohesion be-
tween magnetic particles can be prevented within a melt-
ing point.
[0052] Furthermore, the alignment of magnetic parti-
cles may be induced during the sintering process due to
the security of fluidity by residual salt, thus exhibiting
higher magnetic characteristics.
[0053] Furthermore, there exists a disadvantage that
the existing sintering process is carried out at tempera-
tures higher than those at which the particle growth of
ferrites occurs, thereby affecting the magnetic character-
istics. However, there is an advantage that sintering is
possible at temperatures at which the particle growth of
ferrites does not occur (for instance, at the salt melting
temperature or temperatures higher than that), thereby
not affecting the magnetic characteristics of a ferrite mag-
net.
[0054] The ferrite magnetic powder with salt is synthe-
sized and then the ferrite magnetic powder with salt is
molded and sintered as it is without washing and remov-
ing the salt to synthesize a ferrite magnet with salt and
molten salt is used as it is for the magnet.
[0055] Methods that can be used to obtain ferrite mag-
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netic powder may include a solid state reaction method,
a coprecipitation method, a sol-gel method, a glass crys-
tallization method, a hydrothermal method, and an aer-
osol method.
[0056] The solid state reaction method is a method of
mixing and pulverizing a starting material along with
deionized water at a molar ratio of metal ions and then
performing a drying process and then performing a pul-
verization process again and performing a sintering proc-
ess to obtain powder.
[0057] The coprecipitation method is a method of dis-
solving a starting material in deionized water at a com-
position ratio of metal ions to obtain a mixture, and then
precipitating the mixture with a precipitant and then re-
peating the cleaning process, and making a pH adjust-
ment and then performing a filtration and drying process
and performing a sintering process to obtain powder.
[0058] The sol-gel method is a method of dissolving a
starting material in a solvent and then adding an additive
to make a sol state solution, and obtaining a powder sam-
ple through drying and then performing a sintering proc-
ess to obtain powder.
[0059] The glass crystallization method is a method of
mixing a starting material according to a composition ratio
of metal ions and then melting the mixture at high tem-
peratures and putting the molten mixture into water to
rapidly cool it down to obtain an amorphous material, and
sintering the amorphous material for pulverization and
then dissolving vitreous components and surplus ele-
ments and then performing a sintering process to obtain
powder.
[0060] The hydrothermal method is a method of plac-
ing a starting material into an autoclave to be reacted
under temperature and pressure to obtain powder.
[0061] The aerosol method is a method of converting
a starting material into a gaseous form and producing
powder by burning or calcination while passing through
a tube furnace.
[0062] The manufacture of a ferrite magnet with salt
can use various conventional methods for synthesizing
ferrite magnetic powder as they are, and thus the selec-
tion of the method can be made according to the objective
and the characteristics of materials, and the synthesis
can be performed without being limited to the kind of fer-
rite.
[0063] For example, the source material of the ferrite
may be comprised of one or more kinds of materials se-
lected from Ba(NO3)2, BaCO3, BaCl2, BaSO4, BaO2, Sr
(NO3)2, SrCO3, SrCl2, SrSO4, Sr(OH)2 La(NO3)3, LaCl3
La2(SO4)3 and La(OH)3 and one or more kinds of mate-
rials selected from Fe(NO3)3, FeCO3, FeCl3, Fe2O3,
FeCl2, Fe(OH)3, Co(NO3)2, CoCO3, CoCl2 and CoSO4,
and the ferrite may be a hexagonal ferrite, and the hex-
agonal ferrite may have a form of MT12O19, and the M
may be comprised of one or more kinds of elements se-
lected from Ba, Sr and La, and the T may be comprised
of one or more kinds of elements selected from Fe and
Co.

[0064] Furthermore, the source material of the ferrite
may be comprised of one or more kinds of materials se-
lected from Fe(NO3)3, FeCO3, FeCl3, Fe2O3, FeCl2, Fe
(OH)3, Co(NO3)2, CoCO3, CoCl2, CoSO4, Mn(NO3)2,
MnCO3, MnCl2, MnSO4, MnO2, Mg(NO3)2, MgCO3,
MgCl2, MgSO4, Ni(NO3)2, NiCO3, NiCl2, NiSO4, Zn
(NO3)2, ZnCl2, ZnSO4 and ZnO, and the ferrite may be
a spinel ferrite, and the spinel ferrite may have a form of
M3O4, and the M may be one or more kinds of elements
selected from Fe, Co, Mg, Mn, Zn and Ni.
[0065] The method of sintering ferrite magnetic powder
with salt may include normal sintering, hot pressing, hot
isostatic pressing (HIP), gas pressure sintering (GPS),
spark plasma sintering (SPS), and the like, and the se-
lection of the method can be made according to the ob-
jective and the characteristics of materials, and the sin-
tering can be performed without being limited to the kind
of ferrite.
[0066] FIG. 1 is a schematic diagram illustrating ferrite
magnetic powder with salt. In FIG. 1, reference numeral
"10" represents primary ferrite magnetic particles, refer-
ence numeral "20" represents molten salt, and the ferrite
magnetic powder with salt is made in the form of a com-
posite powder in which ferrite magnetic particles are dis-
tributed on a matrix formed of molten salt without being
cohered between particles.
[0067] The form of magnetic powder with salt may be
used as it is to produce a ferrite magnet with salt. When
it is under pressure and temperature condition above the
melting point of salt while sintering powder, fluidity due
to the melting of residual salt may be increased, thereby
inducing an alignment between magnetic particles as
well as enhancing the molding density. The alignment of
magnetic particles may increase the residual magnetic
induction (Br) and coercive force (Hc), thereby enhancing
the entire magnetic characteristics.
[0068] The source material of the ferrite may be com-
prised of one or more kinds of materials selected from
Ba(NO3)2, BaCO3, BaCl2, BaSO4, BaO2, Sr(NO3)2,
SrCO3, SrCl2, SrSO4, Sr(OH)2 La(NO3)3, LaCl3 La2
(SO4)3 and La(OH)3 and one or more kinds of materials
selected from Fe(NO3)3, FeCO3, FeCl3, Fe2O3, FeCl2,
Fe(OH)3, Co(NO3)2, CoCO3, CoCl2 and CoSO4, and said
synthesizing the ferrite magnetic powder with salt may
include supplying power to a heating means surrounding
the circumference of a reaction chamber in a spray py-
rolysis apparatus and heating the reaction chamber to
maintain a temperature higher than the melting point of
the salt in a consistent manner, supplying a carrier gas
to a sprayer containing a mixture of the source material
of the ferrite and the salt, vibrating the mixture contained
in the sprayer by an ultrasonic transducer to generate
liquid droplets in the sprayer, and introducing the liquid
droplets into the reaction chamber by the carrier gas and
allowing the liquid droplets introduced into the reaction
chamber to be subjected to the pyrolysis and oxidation
reaction to synthesize ferrite magnetic powder with salt.
[0069] FIG. 2 is a mimetic diagram illustrating a proc-
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ess of manufacturing a ferrite magnet with salt. In FIG.
2, reference numeral "30" represents ferrite magnetic
powder with salt prior to molding, and reference numeral
"40" represents a sintered body subsequent to molding
and sintering, and a figure at the most left side in FIG. 2
is a drawing illustrating an enlarged minute structure of
the sintered body in which reference numerals "50" and
"60" represent ferrite magnetic particles and molten salt,
respectively. The sintered body illustrates that ferrite
magnetic particles are arranged on a molten salt matrix.
[0070] The ferrite magnet with salt may have a struc-
ture in which a plurality of ferrites are uniformly dispersed
in salt, and the ferrite may be formed of secondary par-
ticles, and the second particles may have a form in which
a plurality of primary particles having a size smaller than
that of the secondary particles are conglomerated along
with salt. The secondary particles may be formed of
spherical particles having a diameter of 0.1 to 20 mm,
and the primary particles are formed of a size of 5 to 1000
nm. The secondary particles may be formed of non-
spherical particles having a size of 0.1 to 1000 mm. The
primary particles may be formed of hexagonal plate
shaped or rod shaped particles. The ferrite magnet with
salt has a ratio (Mr/Ms) of residual magnetization (Mr) to
saturated magnetization (Ms) greater than 50%. The
Mr/Ms value may be greater than 50%, for example,
greater than 50% but less than 99.9%.
[0071] Hereinafter, a case of using a spray pyrolysis
method which sprays a liquid precursor among aerosol
methods to produce a ferrite magnet with salt is taken as
an example, but a method of manufacturing a ferrite mag-
net with salt may not be necessarily limited to this.
[0072] The spray pyrolysis method can synthesize par-
ticles at once without using a complicated post thermal
treatment within a short period of time, but may cause a
problem in which primary particles formed in sprayed liq-
uid droplets are strongly cohered in the form of secondary
particles. However, salt may be additionally added, other
than the source material of ferrite, thereby preventing
cohesion between primary particles and obtaining sec-
ondary particles in the form of high crystalline particles
being mixed with molten salt.
[0073] The barium ferrite (BaFe12O19), which is one of
ferrite magnets, was produced as an example, and so-
dium chloride (NaCl) or potassium chloride (KCl) was
used for the additionally added salt.
[0074] The ferrite magnet may not be necessarily lim-
ited to barium ferrite, and also may be spinel ferrite or
hexagonal ferrite, and arbitrarily selected for the purpose.
[0075] Spinel ferrite has a basic form of M3O4, and a
kind of element such as Fe, Co, Mg, Mn, Zn, Ni, and the
like may be placed or two or more kinds of composite
elements thereof may be placed into the site of M. The
spinel ferrite may include cobalt ferrite (Co ferrite), nickel
ferrite (Ni ferrite), manganese ferrite (Mn ferrite), mag-
nesium ferrite (Mg ferrite), zinc ferrite (Zn ferrite), man-
ganese zinc ferrite (MnZn ferrite), nickel zinc ferrite (NiZn
ferrite), and the like.

[0076] Spinel ferrite has a form of MT12O19, and a kind
of element such as Ba, Sr, La, and the like may be placed
or two or more kinds of composite elements thereof may
be placed into the site of M. A kind of element such as
Fe, Co, and the like may be placed or two or more kinds
of composite elements thereof may be placed into the
site of T. The hexagonal ferrite may include barium ferrite
(Ba ferrite), strontium ferrite (Sr ferrite), lanthanum ferrite
(La ferrite), barium strontium ferrite (BaSr ferrite), barium
lanthanum ferrite (BaLa ferrite), strontium lanthanum fer-
rite (SrLa ferrite), and the like.
[0077] A raw material appropriate to each metal ele-
ment may be used according to the type of ferrite. For
source materials of ferrite, the source raw material of
barium may be Ba(NO3)2, BaCO3, BaCl2, BaSO4 or
BaO2, and the source raw material of strontium may be
Sr(NO3)2, SrCO3, SrCl2, SrSO4 or Sr(OH)2, and the
source raw material of lanthanum may be La(NO3)3,
LaCl3 La2(SO4)3 or La(OH)3, and the source raw material
of iron may be Fe(NO3)3, FeCO3, FeCl3, Fe2O3, FeCl2
or Fe(OH)3, and the source raw material of cobalt may
be Co(NO3)2, CoCO3, CoCl2 or CoSO4, and the source
raw material of manganese may be Mn(NO3)2, MnCO3,
MnCl2, MnSO4 or MnO2, and the source raw material of
magnesium may be Mg(NO3)2, MgCO3, MgCl2 or
MgSO4, and the source raw material of nickel may be Ni
(NO3)2, NiCO3, NiCl2 or NiSO4, and the source raw ma-
terial of zinc may be Zn(NO3)2, ZnCl2, ZnSO4 or ZnO.
[0078] The salt may be chloride metal salt (NaCl, KCl,
LiCl, CaCl2, MgCl2, etc.), nitric acid metal salt (NaNO3,
KNO3, LiNO3, Ca(NO3)2, Mg(NO3)2, etc.) or sulfuric acid
metal salt (Na2SO4, K2SO4, Li2SO4, CaSO4, MgSO4,
etc.), or may be formed in the form of a single or mixed
salt, or salt that can exist in a molten state at a sintering
temperature may be arbitrarily selected.
[0079] The spark plasma sintering (hereinafter, re-
ferred to as "SPS") was used to perform a sintering proc-
ess subsequent to molding synthesized ferrite magnetic
powder with salt. The SPS may allow instantaneous heat-
ing and cooling using spark plasma with an electro-pres-
sure method using DC pulses among vacuum hot press-
ings, thereby having an advantage of minimizing the ef-
fect on the created crystalline phase.
[0080] Hereinafter, exemplary embodiments will be
described in detail, but the present invention may not be
necessarily limited to the following embodiments.

Examples

<Example 1>

[0081] Ba(NO3)2 and Fe(NO3)3 · 9H2O were used for
a source material of barium ferrite. A mixture in which Ba
(NO3)2 and Fe(NO3)3 · 9H2O are mixed in a molar ratio
of 1:12 was used for the source material of barium ferrite.
Specifically, Ba(NO3)2 and Fe(NO3)3 · 9H2O were added
to deionized water and stirred for about an hour to pre-
pare a source material of barium ferrite comprised of Ba
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(NO3)2 with a molar concentration of 0.05M and Fe
(NO3)3 · 9H2O with a molar concentration of 0.6M.
[0082] Sodium chloride (NaCl) was added to the
source material of barium ferrite to prepare a starting
material. The sodium chloride was weighed to have a
weight ratio of 19 % with respect to ferrite magnetic pow-
der with salt (19 weight % with respect to 100 weight %
of ferrite magnetic powder with salt) and added.
[0083] The starting material was sprayed to form liquid
droplets and allowed to pass through a reaction chamber
heated at an inlet temperature of about 400 °C, and an
outlet temperature of about 850 °C along with a carrier
gas (O2), thereby synthesizing barium ferrite magnetic
powder with salt.
[0084] Hereinafter, a method of forming barium ferrite
magnetic powder with salt using a spray pyrolysis method
will be described in more detail.
[0085] Power was supplied to a heating means sur-
rounding the circumference of a reaction chamber in a
spray pyrolysis apparatus to heat the reaction chamber
so as to maintain an inlet temperature of about 400 °C,
and an outlet temperature of 850 °C.
[0086] A carrier gas was supplied to a sprayer contain-
ing the starting material. Oxygen gas (O2) was used for
the carrier gas. The supply flow rate of the carrier gas
was set to about 1.5 l/min.
[0087] The starting material contained in the sprayer
was vibrated by an ultrasonic transducer to generate liq-
uid droplets in the sprayer, and the liquid droplets were
introduced into the reaction chamber by the carrier gas
and subjected to the pyrolysis and oxidation reaction to
synthesize barium ferrite magnetic powder with sodium
chloride. The barium ferrite magnetic powder with sodium
chloride formed through the pyrolysis and oxidation re-
action was collected by the collector made of a paper
filter.

<Example 2>

[0088] A starting material was prepared using a source
material of barium ferrite and sodium chloride similarly
to the Example 1, but sodium chloride was weighed to
have a weight ratio of 31 % with respect to ferrite magnetic
powder with salt (31 weight % with respect to 100 weight
% of ferrite magnetic powder with salt) and added.
[0089] The starting material was sprayed to form liquid
droplets and allowed to pass through a reaction chamber
heated at an inlet temperature of about 400 °C, and an
outlet temperature of about 850 °C along with a carrier
gas (O2) similarly to the Example 1, thereby synthesizing
barium ferrite magnetic powder with salt.

<Example 3>

[0090] A starting material was prepared using a source
material of barium ferrite and sodium chloride similarly
to the Example 1, but sodium chloride was weighed to
have a weight ratio of 53% with respect to ferrite magnetic

powder with salt (53 weight % with respect to 100 weight
% of ferrite magnetic powder with salt) and added.
[0091] The starting material was sprayed to form liquid
droplets and allowed to pass through a reaction chamber
heated at an inlet temperature of about 400 °C, and an
outlet temperature of about 850 °C along with a carrier
gas (O2) similarly to the Example 1, thereby synthesizing
barium ferrite magnetic powder with salt.
[0092] FIG. 3 is a graph illustrating an X-ray diffraction
(XRD) pattern of barium ferrite magnetic powder with so-
dium chloride synthesized according to Examples 1
through 3. FIG. 3A illustrates an X-ray diffraction (XRD)
pattern of barium ferrite magnetic powder with sodium
chloride synthesized according to Example 1, and FIG.
3B illustrates an X-ray diffraction (XRD) pattern of barium
ferrite magnetic powder with sodium chloride synthe-
sized according to Example 2, and FIG. 3C illustrates an
X-ray diffraction (XRD) pattern of barium ferrite magnetic
powder with sodium chloride synthesized according to
Example 3.
[0093] Referring to FIG. 3, sodium chloride (NaCl) and
barium ferrite (BaFe12O19) crystalline phases were
shown in all Examples 1 through 3, and hematite (α-
Fe2O3) crystalline phases were shown in both Examples
2 and 3. It is shown that the peak of sodium chloride is
increased in proportion to the added amount of sodium
chloride. Furthermore, when an excessive amount of so-
dium chloride was added (in case of Examples 2 and 3),
hematite (α-Fe2O3) phases were shown, thus indicating
that it corresponds to an intermediate phase in the cre-
ation of barium ferrite and reaction was not completely
carried out. When an excessive amount of sodium chlo-
ride is contained, a diffusion path between barium ferrite
precursor particles in a molten sodium chloride matrix is
lengthened and thus it takes a long reaction time, thereby
causing the foregoing results.
[0094] FIGS. 4 and 5 are scanning electron micro-
scope (SEM) photos of barium ferrite magnetic powder
with sodium chloride synthesized according to Example
1, and FIGS. 6 and 7 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with so-
dium chloride synthesized according to Example 2, and
FIGS. 8 and 9 are scanning electron microscope (SEM)
photos of barium ferrite magnetic powder with sodium
chloride synthesized according to Example 3.
[0095] Referring to FIGS. 4 through 9, it is seen that
barium ferrite with sodium chloride was well formed, and
the formed barium ferrite particles with sodium chloride
exhibited a primary particle size of less than 100 nm and
a secondary particle size cohered to the primary particles
was less than 5 mm. As illustrated in FIGS. 5, 7 and 9,
there is shown a tendency that the size of primary parti-
cles decreases as increasing the content of sodium chlo-
ride in the enlarged photos.

<Example 4>

[0096] Ba(NO3)2 and Fe(NO3)3 · 9H2O were used for
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a source material of barium ferrite. A mixture in which Ba
(NO3)2 and Fe(NO3)3 · 9H2O are mixed in a molar ratio
of 1:12 was used for the source material of barium ferrite.
Specifically, Ba(NO3)2 and Fe(NO3)3 · 9H2O were added
to deionized water and stirred for about an hour to pre-
pare a source material of barium ferrite comprised of Ba
(NO3)2 with a molar concentration of 0.05M and Fe
(NO3)3 · 9H2O with a molar concentration of 0.6M.
[0097] Potassium chloride (KCl) was added to the
source material of barium ferrite to prepare a starting
material. The potassium chloride was weighed to have
a weight ratio of 19% with respect to potassium chloride
ferrite magnetic powder (19 weight % with respect to 100
weight % of potassium chloride ferrite magnetic powder)
and added.
[0098] The starting material was sprayed to form liquid
droplets and allowed to pass through a reaction chamber
heated at an inlet temperature of about 400 °C, and an
outlet temperature of about 850 °C along with a carrier
gas (O2), thereby synthesizing potassium chloride bari-
um ferrite magnetic powder.
[0099] Hereinafter, a method of forming potassium
chloride barium ferrite magnetic powder using a spray
pyrolysis method will be described in more detail.
[0100] Power was supplied to a heating means sur-
rounding the circumference of a reaction chamber in a
spray pyrolysis apparatus to heat the reaction chamber
so as to maintain an inlet temperature of about 400 °C,
and an outlet temperature of 850 °C.
[0101] A carrier gas was supplied to a sprayer contain-
ing the starting material. Oxygen gas (O2) was used for
the carrier gas. The supply flow rate of the carrier gas
was set to about 1.5 l/min.
[0102] The starting material contained in the sprayer
was vibrated by an ultrasonic transducer to generate liq-
uid droplets in the sprayer, and the liquid droplets were
introduced into the reaction chamber by the carrier gas
and subjected to the pyrolysis and oxidation reaction to
synthesize potassium chloride barium ferrite magnetic
powder. The potassium chloride barium ferrite magnetic
powder formed through the pyrolysis and oxidation reac-
tion was collected by the collector made of a paper filter.

<Example 5>

[0103] A starting material was prepared using a source
material of barium ferrite and sodium chloride similarly
to the Example 4, but potassium chloride was weighed
to have a weight ratio of 31 % with respect to potassium
chloride ferrite magnetic powder (31 weight % with re-
spect to 100 weight % of potassium chloride ferrite mag-
netic powder) and added.
[0104] The starting material was sprayed to form liquid
droplets and allowed to pass through a reaction chamber
heated at an inlet temperature of about 400 °C, and an
outlet temperature of about 850 °C along with a carrier
gas (O2) similarly to the Example 4, thereby synthesizing
potassium chloride barium ferrite magnetic powder.

<Example 6>

[0105] A starting material was prepared using a source
material of barium ferrite and potassium chloride similarly
to the Example 4, but potassium chloride was weighed
to have a weight ratio of 53% with respect to potassium
chloride ferrite magnetic powder (53 weight % with re-
spect to 100 weight % of potassium chloride ferrite mag-
netic powder) and added.
[0106] The starting material was sprayed to form liquid
droplets and allowed to pass through a reaction chamber
heated at an inlet temperature of about 400 °C, and an
outlet temperature of about 850 °C along with a carrier
gas (O2) similarly to the Example 4, thereby synthesizing
potassium chloride barium ferrite magnetic powder.
[0107] FIG. 10 is a graph illustrating an X-ray diffraction
(XRD) pattern of barium ferrite magnetic powder with po-
tassium chloride synthesized according to Examples 4
through 6. FIG. 10A illustrates an X-ray diffraction (XRD)
pattern of barium ferrite magnetic powder with potassium
chloride synthesized according to Example 4, and FIG.
10B illustrates an X-ray diffraction (XRD) pattern of bar-
ium ferrite magnetic powder with potassium chloride syn-
thesized according to Example 5, and FIG. 10C illustrates
an X-ray diffraction (XRD) pattern of barium ferrite mag-
netic powder with potassium chloride synthesized ac-
cording to Example 6.
[0108] Referring to FIG. 10, potassium chloride (KCl)
and barium ferrite (BaFe12O19) crystalline phases were
shown in all Examples 4 through 6, and hematite (α-
Fe2O3) crystalline phases were shown in case of Exam-
ple 5. It is shown that the peak of sodium chloride is in-
creased as increasing the added amount of salt. Howev-
er, barium ferrite phases were not observed in Example
4 with a small added amount of salt.
[0109] FIGS. 11 and 12 are scanning electron micro-
scope (SEM) photos of barium ferrite magnetic powder
with potassium chloride synthesized according to Exam-
ple 4, and FIGS. 13 and 14 are scanning electron micro-
scope (SEM) photos of barium ferrite magnetic powder
with potassium chloride synthesized according to Exam-
ple 5, and FIGS. 15 and 16 are scanning electron micro-
scope (SEM) photos of barium ferrite magnetic powder
with potassium chloride synthesized according to Exam-
ple 6.
[0110] Referring to FIGS. 11 through 16, it is seen that
barium ferrite with potassium chloride was well formed,
and the formed barium ferrite particles with potassium
chloride exhibited a primary particle size of less than 100
nm and a secondary particle size cohered to the primary
particles was less than 5 mm. In a high magnification
photo of FIG. 12, it is shown that particles were very small,
and thus it is estimated that they were amorphous parti-
cles in a state prior to creating a barium ferrite phase
when the X-ray diffraction results are taken into consid-
eration in a comprehensive manner. When taking the re-
sults into consideration, it is seen that barium ferrite phas-
es were not formed when potassium chloride was added
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at a concentration of 19% with respect to barium ferrite
magnetic powder with potassium chloride at a synthetic
temperature of 850 °C.
[0111] Comparative Examples that can be compared
with Examples will be disclosed to easily understand the
characteristics of the above Examples 1 through 6. The
following Comparative Examples 1 through 3 are dis-
closed herein to simply compare them with the charac-
teristics of the Examples, and it is apparent that they are
not the prior art of the present invention.

<Comparative Example 1>

[0112] Barium ferrite magnetic powder was synthe-
sized without adding salt according to the following Com-
parative Examples.
[0113] Ba(NO3)2 and Fe(NO3)3 · 9H2O were used for
a source material of barium ferrite. A mixture in which Ba
(NO3)2 and Fe(NO3)3 · 9H2O are mixed in a molar ratio
of 1:12 was used for the source material of barium ferrite.
Specifically, Ba(NO3)2 and Fe(NO3)3 · 9H2O were added
to deionized water and stirred for about an hour to pre-
pare a source material of barium ferrite comprised of Ba
(NO3)2 with a molar concentration of 0.05M and Fe
(NO3)3 · 9H2O with a molar concentration of 0.6M.
[0114] The source material of barium ferrite was
sprayed to form liquid droplets and allowed to pass
through a reaction chamber heated at an inlet tempera-
ture of about 400 °C, and an outlet temperature of about
850 °C along with a carrier gas (O2), thereby synthesizing
barium ferrite magnetic powder.
[0115] Hereinafter, a method of forming barium ferrite
magnetic powder using a spray pyrolysis method will be
described in more detail.
[0116] Power was supplied to a heating means sur-
rounding the circumference of a reaction chamber in a
spray pyrolysis apparatus to heat the reaction chamber
so as to maintain an inlet temperature of about 400 °C,
and an outlet temperature of 850 °C.
[0117] A carrier gas was supplied to a sprayer contain-
ing the source material of barium ferrite. Oxygen gas (O2)
was used for the carrier gas. The supply flow rate of the
carrier gas was set to about 1.5 l/min.
[0118] The source material of barium ferrite contained
in the sprayer was vibrated by an ultrasonic transducer
to generate liquid droplets in the sprayer, and the liquid
droplets were introduced into the reaction chamber by
the carrier gas and subjected to the pyrolysis and oxida-
tion reaction to synthesize barium ferrite magnetic pow-
der. The barium ferrite magnetic powder formed through
the pyrolysis and oxidation reaction was collected by the
collector made of a paper filter.

<Comparative Example 2>

[0119] A source material of barium ferrite was used
similarly to the Comparative Example 1.
[0120] The source material of barium ferrite was

sprayed to form liquid droplets and allowed to pass
through a reaction chamber heated at an inlet tempera-
ture of about 400 °C, and an outlet temperature of about
900 °C along with a carrier gas (O2) similarly to the Com-
parative Example 1, thereby synthesizing barium ferrite
magnetic powder.

<Comparative Example 3>

[0121] A source material of barium ferrite was used
similarly to the Comparative Example 1.
[0122] The source material of barium ferrite was
sprayed to form liquid droplets and allowed to pass
through a reaction chamber heated at an inlet tempera-
ture of about 400 °C, and an outlet temperature of about
950 °C along with a carrier gas (O2) similarly to the Com-
parative Example 1, thereby synthesizing barium ferrite
magnetic powder.
[0123] FIG. 17 is a graph illustrating an X-ray diffraction
(XRD) pattern of barium ferrite magnetic powder synthe-
sized according to Comparative Examples 1 through 3.
FIG. 17A illustrates an X-ray diffraction (XRD) pattern of
barium ferrite magnetic powder synthesized according
to Comparative Example 1, and FIG. 17B illustrates an
X-ray diffraction (XRD) pattern of barium ferrite magnetic
powder synthesized according to Comparative Example
2, and FIG. 17C illustrates an X-ray diffraction (XRD)
pattern of barium ferrite magnetic powder synthesized
according to Comparative Example 3.
[0124] Referring to FIG. 17, barium ferrite (BaFe12O19)
phases were shown in all Comparative Examples 1
through 3, and hematite (α-Fe2O3) crystalline phases
were shown in all Comparative Examples 1 through 3.
[0125] FIGS. 18 and 19 are scanning electron micro-
scope (SEM) photos of barium ferrite magnetic powder
synthesized according to Comparative Example 1, and
FIGS. 20 and 21 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder synthe-
sized according to Comparative Example 2, and FIGS.
22 and 23 are scanning electron microscope (SEM) pho-
tos of barium ferrite magnetic powder synthesized ac-
cording to Comparative Example 3.
[0126] Referring to FIGS. 18 through 23, it is seen that
the size of particles was increased as increasing the tem-
perature within the reaction chamber, and also seen that
a barium ferrite phase was formed as a result of X-ray
diffraction though it is difficult to check due to small sized
particles at 850 °C.
[0127] When salt was not added as disclosed in the
Comparative Examples, hematite with an intermediate
phase was found even at a high temperature of 950 °C,
but barium ferrite phases having a good crystallinity were
obtained even at 850 °C when salt was added (in case
of Examples 3 and 6). It illustrates that a ferrite magnet
having a high crystallinity can be synthesized even with
a short period of reaction time in the unit of second such
as a spray pyrolysis method used in the Comparative
Examples.
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[0128] Furthermore, plate shaped and rod shaped par-
ticles exist for a single crystalline sample of barium ferrite,
and samples to which salt is not added do not grow in a
single crystalline shape but grow while being cohered to
one another during the growth of particles, thereby caus-
ing the deterioration of magnetic characteristics. Howev-
er, when salt is added, particles do not grow while being
cohered to one another but remain in a single crystalline
shape, thus exhibiting that magnetic characteristics can
be enhanced when crystalline samples are aligned to
one another.

<Example 7>

[0129] Considering a molding condition subsequent to
manufacturing barium ferrite with salt, an experiment was
carried out at temperatures lower than those of Examples
1 through 3, and a smaller amount of salt addition con-
dition was also used.
[0130] Ba(NO3)2 and Fe(NO3)3 · 9H2O were used for
a source material of barium ferrite. A mixture in which Ba
(NO3)2 and Fe(NO3)3 · 9H2O are mixed in a molar ratio
of 1:12 was used for the source material of barium ferrite.
Specifically, Ba(NO3)2 and Fe(NO3)3 · 9H2O were added
to deionized water and stirred for about an hour to pre-
pare a source material of barium ferrite comprised of Ba
(NO3)2 with a molar concentration of 0.05M and Fe
(NO3)3 · 9H2O with a molar concentration of 0.6M.
[0131] Sodium chloride (NaCl) was added to the
source material of barium ferrite to prepare a starting
material. The sodium chloride was weighed to have a
weight ratio of 5 % with respect to ferrite magnetic powder
with salt (5 weight % with respect to 100 weight % of
ferrite magnetic powder with salt) and added.
[0132] The starting material was sprayed to form liquid
droplets and allowed to pass through a reaction chamber
heated at an inlet temperature of about 400 °C, and an
outlet temperature of about 800 °C along with a carrier
gas (O2), thereby synthesizing barium ferrite magnetic
powder with salt.
[0133] Hereinafter, a method of forming barium ferrite
magnetic powder with salt using a spray pyrolysis method
will be described in more detail.
[0134] Power was supplied to a heating means sur-
rounding the circumference of a reaction chamber in a
spray pyrolysis apparatus to heat the reaction chamber
so as to maintain an inlet temperature of about 400 °C,
and an outlet temperature of 850 °C.
[0135] A carrier gas was supplied to a sprayer contain-
ing the starting material. Oxygen gas (O2) was used for
the carrier gas. The supply flow rate of the carrier gas
was set to about 1.5 l/min.
[0136] The starting material contained in the sprayer
was vibrated by an ultrasonic transducer to generate liq-
uid droplets in the sprayer, and the liquid droplets were
introduced into the reaction chamber by the carrier gas
and subjected to the pyrolysis and oxidation reaction to
synthesize barium ferrite magnetic powder with sodium

chloride. The barium ferrite magnetic powder with sodium
chloride formed through the pyrolysis and oxidation re-
action was collected by the collector made of a paper
filter.

<Example 8>

[0137] A starting material was prepared using a source
material of barium ferrite and sodium chloride similarly
to the Example 7, but sodium chloride was weighed to
have a weight ratio of 19% with respect to ferrite magnetic
powder with salt (19 weight % with respect to 100 weight
% of ferrite magnetic powder with salt) and added.
[0138] The starting material was sprayed to form liquid
droplets and allowed to pass through a reaction chamber
heated at an inlet temperature of about 400 °C, and an
outlet temperature of about 800 °C along with a carrier
gas (O2) similarly to the Example 7, thereby synthesizing
barium ferrite magnetic powder with salt.

<Example 9>

[0139] A starting material was prepared using a source
material of barium ferrite and sodium chloride similarly
to the Example 7, but sodium chloride was weighed to
have a weight ratio of 31 % with respect to ferrite magnetic
powder with salt (31 weight % with respect to 100 weight
% of ferrite magnetic powder with salt) and added.
[0140] The starting material was sprayed to form liquid
droplets and allowed to pass through a reaction chamber
heated at an inlet temperature of about 400 °C, and an
outlet temperature of about 800 °C along with a carrier
gas (O2) similarly to the Example 7, thereby synthesizing
barium ferrite magnetic powder with salt.
[0141] FIG. 24 is a graph illustrating an X-ray diffraction
(XRD) pattern of barium ferrite magnetic powder with so-
dium chloride synthesized according to Examples 7
through 9. FIG. 24A illustrates an X-ray diffraction (XRD)
pattern of barium ferrite magnetic powder with sodium
chloride synthesized according to Example 7, and FIG.
24B illustrates an X-ray diffraction (XRD) pattern of bar-
ium ferrite magnetic powder with sodium chloride syn-
thesized according to Example 8, and FIG. 24C illustrates
an X-ray diffraction (XRD) pattern of barium ferrite mag-
netic powder with sodium chloride synthesized according
to Example 9.
[0142] Referring to FIG. 24, sodium chloride (NaCl)
and barium ferrite (BaFe12O19) crystalline phases were
shown in all Examples 7 through 9, and hematite (α-
Fe2O3) crystalline phases were shown in Example 9, but
the hematite (α-Fe2O3) crystalline phases were not
shown in Examples 7 and 8.
[0143] FIGS. 25 and 26 are scanning electron micro-
scope (SEM) photos of barium ferrite magnetic powder
with sodium chloride synthesized according to Example
7, and FIGS. 27 and 28 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with so-
dium chloride synthesized according to Example 8, and
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FIGS. 29 and 30 are scanning electron microscope
(SEM) photos of barium ferrite magnetic powder with so-
dium chloride synthesized according to Example 9.
[0144] Referring to FIGS. 25 through 30, it is seen that
barium ferrite with sodium chloride was well formed, and
the formed barium ferrite particles with sodium chloride
exhibited a primary particle size of less than 100 nm and
a secondary particle size cohered to the primary particles
was less than 5 mm. In case where salt was added in a
weight ratio of 19% with respect to barium ferrite mag-
netic powder with salt (in case of Example 8) and in case
where salt was added in a weight ratio of 31 % (in case
of Example 9), an almost similar size of particles was
shown. However, in case where salt is added in a weight
ratio of 5% (in case of Example 7), the growth of particles
did not occur and the particle size was small.

<Example 10>

[0145] Considering a molding condition subsequent to
manufacturing barium ferrite with salt, an experiment was
carried out at temperatures lower than those of Examples
4 through 6, and a smaller amount of salt addition con-
dition was also used.
[0146] Ba(NO3)2 and Fe(NO3)3 · 9H2O were used for
a source material of barium ferrite. A mixture in which Ba
(NO3)2 and Fe(NO3)3 · 9H2O are mixed in a molar ratio
of 1:12 was used for the source material of barium ferrite.
Specifically, Ba(NO3)2 and Fe(NO3)3 · 9H2O were added
to deionized water and stirred for about an hour to pre-
pare a source material of barium ferrite comprised of Ba
(NO3)2 with a molar concentration of 0.05M and Fe
(NO3)3 · 9H2O with a molar concentration of 0.6M.
[0147] Potassium chloride (KCl) was added to the
source material of barium ferrite to prepare a starting
material. The potassium chloride was weighed to have
a weight ratio of 5 % with respect to ferrite magnetic pow-
der with salt (5 weight % with respect to 100 weight % of
ferrite magnetic powder with salt) and added.
[0148] The starting material was sprayed to form liquid
droplets and allowed to pass through a reaction chamber
heated at an inlet temperature of about 400 °C, and an
outlet temperature of about 800 °C along with a carrier
gas (O2), thereby synthesizing barium ferrite magnetic
powder with salt.
[0149] Hereinafter, a method of forming barium ferrite
magnetic powder with salt using a spray pyrolysis method
will be described in more detail.
[0150] Power was supplied to a heating means sur-
rounding the circumference of a reaction chamber in a
spray pyrolysis apparatus to heat the reaction chamber
so as to maintain an inlet temperature of about 400 °C,
and an outlet temperature of 800 °C.
[0151] A carrier gas was supplied to a sprayer contain-
ing the starting material. Oxygen gas (O2) was used for
the carrier gas. The supply flow rate of the carrier gas
was set to about 1.5 l/min.
[0152] The starting material contained in the sprayer

was vibrated by an ultrasonic transducer to generate liq-
uid droplets in the sprayer, and the liquid droplets were
introduced into the reaction chamber by the carrier gas
and subjected to the pyrolysis and oxidation reaction to
synthesize barium ferrite magnetic powder with potassi-
um chloride. The barium ferrite magnetic powder with
potassium chloride formed through the pyrolysis and ox-
idation reaction was collected by the collector made of a
paper filter.

<Example 11>

[0153] A starting material was prepared using a source
material of barium ferrite and potassium chloride similarly
to the Example 10, but potassium chloride was weighed
to have a weight ratio of 19% with respect to ferrite mag-
netic powder with salt (19 weight % with respect to 100
weight % of ferrite magnetic powder with salt) and added.
[0154] The starting material was sprayed to form liquid
droplets and allowed to pass through a reaction chamber
heated at an inlet temperature of about 400 °C, and an
outlet temperature of about 800 °C along with a carrier
gas (O2) similarly to the Example 10, thereby synthesiz-
ing barium ferrite magnetic powder with salt.

<Example 12>

[0155] A starting material was prepared using a source
material of barium ferrite and potassium chloride similarly
to the Example 10, but potassium chloride was weighed
to have a weight ratio of 31 % with respect to ferrite mag-
netic powder with salt (31 weight % with respect to 100
weight % of ferrite magnetic powder with salt) and added.
[0156] The starting material was sprayed to form liquid
droplets and allowed to pass through a reaction chamber
heated at an inlet temperature of about 400 °C, and an
outlet temperature of about 8050 °C along with a carrier
gas (O2) similarly to the Example 10, thereby synthesiz-
ing barium ferrite magnetic powder with salt.
[0157] FIG. 31 is a graph illustrating an X-ray diffraction
(XRD) pattern of barium ferrite magnetic powder with po-
tassium chloride synthesized according to Examples 10
through 12. FIG. 31A illustrates an X-ray diffraction
(XRD) pattern of barium ferrite magnetic powder with po-
tassium chloride synthesized according to Example 10,
and FIG. 31B illustrates an X-ray diffraction (XRD) pat-
tern of barium ferrite magnetic powder with potassium
chloride synthesized according to Example 11, and FIG.
31C illustrates an X-ray diffraction (XRD) pattern of bar-
ium ferrite magnetic powder with potassium chloride syn-
thesized according to Example 12.
[0158] Referring to FIG. 31, barium ferrite crystalline
phases were shown in Example 12, but barium ferrite
crystalline phases were not observed in Examples 10
and 11 excluding a case where salt is added in a weight
ratio of 31% with respect to barium ferrite magnetic pow-
der with salt. Potassium chloride crystalline phases were
observed in all Examples 10 through 12.
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[0159] FIGS. 32 and 33 are scanning electron micro-
scope (SEM) photos of barium ferrite magnetic powder
with potassium chloride synthesized according to Exam-
ple 10, and FIGS. 34 and 35 are scanning electron mi-
croscope (SEM) photos of barium ferrite magnetic pow-
der with potassium chloride synthesized according to Ex-
ample 11, and FIGS. 36 and 37 are scanning electron
microscope (SEM) photos of barium ferrite magnetic
powder with potassium chloride synthesized according
to Example 12.
[0160] Referring to FIGS. 32 through 37, the form of
barium ferrite particles was not clearly observed exclud-
ing a case where salt is added in a weight ratio of 31 %
with respect to barium ferrite magnetic powder with salt
(in case of Example 12). In case of Examples 10 and 11,
considering that barium ferrite phases were not exhibited
in the X-ray diffraction in a collective manner, it is seen
that barium ferrite crystalline phases were not formed to
form an amorphous state.

<Example 13>

[0161] Considering a molding condition subsequent to
manufacturing barium ferrite with salt, an experiment was
carried out at temperatures lower than those of Examples
7 through 9, and a smaller amount of salt addition con-
dition was also used.
[0162] Ba(NO3)2 and Fe(NO3)3 · 9H2O were used for
a source material of barium ferrite. A mixture in which Ba
(NO3)2 and Fe(NO3)3 · 9H2O are mixed in a molar ratio
of 1:12 was used for the source material of barium ferrite.
Specifically, Ba(NO3)2 and Fe(NO3)3 · 9H2O were added
to deionized water and stirred for about an hour to pre-
pare a source material of barium ferrite comprised of Ba
(NO3)2 with a molar concentration of 0.05M and Fe
(NO3)3 · 9H2O with a molar concentration of 0.6M.
[0163] Sodium chloride (NaCl) was added to the
source material of barium ferrite to prepare a starting
material. The sodium chloride was weighed to have a
weight ratio of 5 % with respect to ferrite magnetic powder
with salt (5 weight % with respect to 100 weight % of
ferrite magnetic powder with salt) and added.
[0164] Similarly to the Example 1, the starting material
was sprayed to form liquid droplets and allowed to pass
through a reaction chamber heated at an inlet tempera-
ture of about 250 °C, and an outlet temperature of about
850 °C along with a carrier gas (O2), thereby synthesizing
barium ferrite magnetic powder with salt.
[0165] Hereinafter, a method of forming barium ferrite
magnetic powder with salt using a spray pyrolysis method
will be described in more detail.
[0166] Power was supplied to a heating means sur-
rounding the circumference of a reaction chamber in a
spray pyrolysis apparatus to heat the reaction chamber
so as to maintain an inlet temperature of about 250 °C,
and an outlet temperature of 850 °C.
[0167] A carrier gas was supplied to a sprayer contain-
ing the starting material. Oxygen gas (O2) was used for

the carrier gas. The supply flow rate of the carrier gas
was set to about 1.5 l/min.
[0168] The starting material contained in the sprayer
was vibrated by an ultrasonic transducer to generate liq-
uid droplets in the sprayer, and the liquid droplets were
introduced into the reaction chamber by the carrier gas
and subjected to the pyrolysis and oxidation reaction to
synthesize barium ferrite magnetic powder with sodium
chloride. The barium ferrite magnetic powder with sodium
chloride formed through the pyrolysis and oxidation re-
action was collected by the collector made of a paper
filter.

<Example 14>

[0169] A starting material was prepared using a source
material of barium ferrite and sodium chloride similarly
to the Example 13, but sodium chloride was weighed to
have a weight ratio of 3% with respect to sodium chloride
ferrite magnetic powder (3 weight % with respect to 100
weight % of sodium chloride ferrite magnetic powder)
and added.
[0170] The starting material was sprayed to form liquid
droplets and allowed to pass through a reaction chamber
heated at an inlet temperature of about 250 °C, and an
outlet temperature of about 850 °C along with a carrier
gas (O2) similarly to the Example 13, thereby synthesiz-
ing barium sodium chloride ferrite magnetic powder.
[0171] FIG. 38 is a graph illustrating an X-ray diffraction
(XRD) pattern of barium ferrite magnetic powder with so-
dium chloride synthesized according to Examples 13 and
14. FIG. 38A illustrates an X-ray diffraction (XRD) pattern
of barium ferrite magnetic powder with sodium chloride
synthesized according to Example 13, and FIG. 38B il-
lustrates an X-ray diffraction (XRD) pattern of barium fer-
rite magnetic powder with sodium chloride synthesized
according to Example 14.
[0172] Referring to FIG. 38, barium ferrite crystalline
phases were not shown and sodium chloride phases
were weakly observed in both Examples 13 and 14.
[0173] FIGS. 39 and 40 are scanning electron micro-
scope (SEM) photos of barium ferrite magnetic powder
with sodium chloride synthesized according to Example
13, and FIGS. 41 and 42 are scanning electron micro-
scope (SEM) photos of barium ferrite magnetic powder
with sodium chloride synthesized according to Example
14.
[0174] Referring to FIGS. 39 through 42, the form of
barium ferrite particles was not clearly observed in both
Examples 13 and 14. Considering that barium ferrite
phases were not exhibited in the X-ray diffraction in a
collective manner, it is seen that barium ferrite crystalline
phases were not formed to form an amorphous state.

<Example 15>

[0175] Barium ferrite magnetic powder with salt syn-
thesized according to Example 7 (in case where sodium
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chloride was added in a weight ratio of 5% with respect
to barium ferrite magnetic powder with salt and synthe-
sized at a temperature of 800 °C) was molded and sin-
tered (with spark plasma sintering) to evaluate the mag-
netic characteristics using the formed sintered body (bar-
ium ferrite magnet with salt).
[0176] The molding and sintering conditions were as
follows. Barium ferrite magnetic powder with salt synthe-
sized according to Example 7 was filled into a molding
frame with a carbon material and heated at a heating rate
of 100 °C per minute to a target temperature of 700 °C
under argon (Ar) atmosphere. The molding frame heated
at 700 °C was maintained at a pressure of 100 MPa for
two minutes and then cooled to obtain a sintered body
(barium ferrite magnet with salt). The manufactured sin-
tered body has a disc type, and was manufactured such
that the height of the disc is greater than one half of the
diameter thereof.
[0177] FIG. 43 is a graph in which magnetic character-
istics are evaluated using a vibrating sample magnetom-
eter (VSM) for a barium ferrite magnet with salt produced
according to Example 15.
[0178] Referring to FIG. 43, the in-plane shows a result
in which the magnetic characteristics were measured in
the horizontal direction of the disc, and each value ex-
hibited a saturated magnetization (Ms) of 59.436 emu/g,
a residual magnetization (Mr) of 32.397 emu/g, and a
coercive force (Hc) of 4954 Oe, and thus a Mr/Ms of 54.51
% was exhibited.
[0179] The out-of-plane shows a result in which the
magnetic characteristics were measured in the vertical
direction of the disc, and each value exhibited a saturated
magnetization (Ms) of 53.986 emu/g, a residual magnet-
ization (Mr) of 30.634 emu/g, and a coercive force (Hc)
of 5001 Oe, and thus a Mr/Ms of 56.74% was exhibited.
[0180] The Mr/Ms of 50% denotes that magnetic par-
ticles are not completely aligned, and the Mr/Ms of 100%
denotes that magnetic particles are completely aligned.
A value measured in the vertical direction of the disc was
56.74%, and thus exhibited a value slightly higher than
that measured in the horizontal direction thereof.
[0181] FIG. 44 is an X-ray diffraction graph for a sin-
tered body (barium ferrite magnet with salt) produced
according to Example 15.
[0182] Referring to FIG. 44, barium ferrite phases were
well formed, but γ-Fe2O3 phases that were not shown in
the X-ray diffraction graph of barium ferrite magnetic
powder with salt synthesized in Example 7 were shown.
It is seen that barium ferrite inverse reaction occurred by
a carbon component emerged from a carbon material
mold (molding frame) used during the spark plasma sin-
tering (SPS) process and barium ferrite on a surface of
the molded body was decomposed into γ-Fe2O3.
[0183] FIGS. 45 and 46 are scanning electron micro-
scope (SEM) photos illustrating a fracture surface of a
sintered body (barium ferrite magnet with salt) produced
according to Example 15.
[0184] Referring to FIGS. 45 and 46, the form of mag-

netic particles maintained a spherical secondary particle
shape as a whole, and a portion that had been partially
molten was observed in the fracture surface image. The
primary particles exhibited a size of approximately
around 100 nm at a portion where the secondary particles
were destroyed.

<Example 16>

[0185] Barium ferrite magnetic powder with salt syn-
thesized according to Example 7 (in case where sodium
chloride was added in a weight ratio of 5% with respect
to barium ferrite magnetic powder with salt and synthe-
sized at a temperature of 800 °C) was molded and sin-
tered (with spark plasma sintering) to evaluate the mag-
netic characteristics using the formed sintered body (bar-
ium ferrite magnet with salt).
[0186] The molding and sintering conditions were as
follows. Barium ferrite magnetic powder with salt synthe-
sized according to Example 7 was filled into a molding
frame with a carbon material and heated at a heating rate
of 100 °C per minute to a target temperature of 800 °C
under argon (Ar) atmosphere. The molding frame heated
at 800 °C was maintained at a pressure of 100 MPa for
two minutes and then cooled to obtain a sintered body
(barium ferrite magnet with salt). The manufactured sin-
tered body has a disc type, and was manufactured such
that the height of the disc is greater than one half of the
diameter thereof.
[0187] FIG. 47 is a graph in which magnetic character-
istics are evaluated using a vibrating sample magnetom-
eter (VSM) for a barium ferrite magnet with salt produced
according to Example 16.
[0188] Referring to FIG. 47, the in-plane shows a result
in which the magnetic characteristics were measured in
the horizontal direction of the disc, and each value ex-
hibited a saturated magnetization (Ms) of 62.765 emu/g,
a residual magnetization (Mr) of 32.233 emu/g, and a
coercive force (Hc) of 4437 Oe, and thus a Mr/Ms of
51.36% was exhibited.
[0189] The out-of-plane shows a result in which the
magnetic characteristics were measured in the vertical
direction of the disc, and each value exhibited a saturated
magnetization (Ms) of 53.609 emu/g, a residual magnet-
ization (Mr) of 33.902 emu/g, and a coercive force (Hc)
of 4495 Oe, and thus a Mr/Ms of 63.24% was exhibited.
[0190] In case of a value measured in the vertical di-
rection of the disc, it was 63.24%, and thus the Mr/Ms
value was shown to be higher than that measured in the
horizontal direction thereof. It denotes that the magneti-
zation easy axis of barium ferrite was aligned in the ver-
tical direction of the disc during the molding process.
[0191] FIG. 48 is an X-ray diffraction graph for a sin-
tered body (barium ferrite magnet with salt) produced
according to Example 16.
[0192] Referring to FIG. 48, barium ferrite phases were
well formed, but γ-Fe2O3 phases that were not shown in
the X-ray diffraction graph of barium ferrite magnetic
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powder with salt synthesized in Example 7 were shown.
[0193] FIGS. 49 and 50 are scanning electron micro-
scope (SEM) photos illustrating a fracture surface of a
sintered body (barium ferrite magnet with salt) produced
according to Example 16.
[0194] Referring to FIGS. 49 and 50, it was difficult to
find an original spherical secondary particle shape as a
whole, and observed that the added sodium chloride was
well molten. It is supposed that relatively well molten salt
was contributed to the alignment of barium ferrite parti-
cles, and thus expected to obtain a higher alignment level
when optimizing conditions for manufacturing and sinter-
ing ferrite powder with molten salt.

<Example 17>

[0195] Barium ferrite magnetic powder with salt syn-
thesized according to Example 10 (in case where potas-
sium chloride was added in a weight ratio of 5% with
respect to barium ferrite magnetic powder with salt and
synthesized at a temperature of 800 °C) was molded and
sintered (with spark plasma sintering) to evaluate the
magnetic characteristics using the formed sintered body
(barium ferrite magnet with salt).
[0196] The molding and sintering conditions were as
follows. Barium ferrite magnetic powder with salt synthe-
sized according to Example 10 was filled into a molding
frame with a carbon material and heated at a heating rate
of 100 °C per minute to a target temperature of 700 °C
under argon (Ar) atmosphere. The molding frame heated
at 700 °C was maintained at a pressure of 100 MPa for
two minutes and then cooled to obtain a sintered body
(barium ferrite magnet with salt). The manufactured sin-
tered body has a disc type, and was manufactured such
that the height of the disc is greater than one half of the
diameter thereof.
[0197] FIG. 51 is a graph in which magnetic character-
istics are evaluated using a vibrating sample magnetom-
eter (VSM) for a barium ferrite magnet with salt produced
according to Example 17.
[0198] Referring to FIG. 51, the in-plane shows a result
in which the magnetic characteristics were measured in
the horizontal direction of the disc, and each value ex-
hibited a saturated magnetization (Ms) of 57.930 emu/g,
a residual magnetization (Mr) of 31.407 emu/g, and a
coercive force (Hc) of 4662 Oe, and thus a Mr/Ms of
54.22% was exhibited.
[0199] The out-of-plane shows a result in which the
magnetic characteristics were measured in the vertical
direction of the disc, and each value exhibited a saturated
magnetization (Ms) of 53.573 emu/g, a residual magnet-
ization (Mr) of 33.902 emu/g, and a coercive force (Hc)
of 4738 Oe, and thus a Mr/Ms of 56.75% was exhibited.
[0200] In case of a value measured in the vertical di-
rection of the disc, it was 56.75%, and thus the Mr/Ms
value was shown to be higher than that measured in the
horizontal direction thereof.
[0201] FIG. 52 is an X-ray diffraction graph for a sin-

tered body (barium ferrite magnet with salt) produced
according to Example 17.
[0202] Referring to FIG. 52, it is seen that barium ferrite
phases subsequent to molding and sintering were well
formed whereas crystalline peaks for barium ferrite were
not shown in Example 10. It is supposed that barium fer-
rite phases were formed due to heat and pressure during
the molding and sintering processes. Furthermore, γ-
Fe2O3 phases were also observed similarly to Examples
15 and 16.
[0203] FIGS. 53 and 54 are scanning electron micro-
scope (SEM) photos illustrating a fracture surface of a
sintered body (barium ferrite magnet with salt) produced
according to Example 17.
[0204] Referring to FIGS. 53 and 54, the form of mag-
netic particles maintained a spherical secondary particle
shape as a whole and it was difficult to observe a molten
portion. The primary particles that could not have been
observed in Example 10 were observed in a size of ap-
proximately around 100 nm at a portion where the sec-
ondary particles were destroyed.

<Example 18>

[0205] Barium ferrite magnetic powder with salt syn-
thesized according to Example 10 (in case where potas-
sium chloride was added in a weight ratio of 5% with
respect to barium ferrite magnetic powder with salt and
synthesized at a temperature of 800 °C) was molded and
sintered (with spark plasma sintering) to evaluate the
magnetic characteristics using the formed sintered body
(barium ferrite magnet with salt). The other molding con-
ditions were similar to Example 17, and only the sintering
temperature was increased to 800 °C for the experiment.
[0206] The molding and sintering conditions were as
follows. Barium ferrite magnetic powder with salt synthe-
sized according to Example 10 was filled into a molding
frame with a carbon material and heated at a heating rate
of 100 °C per minute to a target temperature of 800 °C
under argon (Ar) atmosphere. The molding frame heated
at 800 °C was maintained at a pressure of 100 MPa for
two minutes and then cooled to obtain a sintered body
(barium ferrite magnet with salt). The manufactured sin-
tered body has a disc type, and was manufactured such
that the height of the disc is greater than one half of the
diameter thereof.
[0207] FIG. 55 is a graph in which magnetic character-
istics are evaluated using a vibrating sample magnetom-
eter (VSM) for a barium ferrite magnet with salt produced
according to Example 18.
[0208] Referring to FIG. 55, the in-plane shows a result
in which the magnetic characteristics were measured in
the horizontal direction of the disc, and each value ex-
hibited a saturated magnetization (Ms) of 62.131 emu/g,
a residual magnetization (Mr) of 32.747 emu/g, and a
coercive force (Hc) of 4803 Oe, and thus a Mr/Ms of 52.71
% was exhibited.
[0209] The out-of-plane shows a result in which the
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magnetic characteristics were measured in the vertical
direction of the disc, and each value exhibited a saturated
magnetization (Ms) of 53.372 emu/g, a residual magnet-
ization (Mr) of 32.811 emu/g, and a coercive force (Hc)
of 4859 Oe, and thus a Mr/Ms of 61.48% was exhibited.
[0210] In case of a value measured in the vertical di-
rection of the disc, it was 61.48%, and thus the Mr/Ms
value was shown to be higher than that measured in the
horizontal direction thereof. It denotes that the alignment
of barium ferrite particles occurred in the direction of the
magnetization easy axis in the vertical direction of the
disc.
[0211] FIG. 56 is an X-ray diffraction graph for a sin-
tered body (barium ferrite magnet with salt) produced
according to Example 18.
[0212] Referring to FIG. 56, it is seen that barium ferrite
phases subsequent to molding and sintering were well
formed whereas crystalline peaks for barium ferrite were
not shown in Example 10. It is supposed that barium fer-
rite phases were formed due to heat and pressure during
the molding and sintering processes. Furthermore,
Fe2O3 phases due to a carbon inverse reaction were also
observed similarly to Examples 15 through 17.
[0213] FIGS. 57 and 58 are scanning electron micro-
scope (SEM) photos illustrating a fracture surface of a
sintered body (barium ferrite magnet with salt) produced
according to Example 18.
[0214] Referring to FIGS. 57 and 58, the melting of the
added potassium chloride is progressed into a medium
state that the boundary surface of particles is being dis-
appeared and thus it is seen that potassium chloride is
not completely molten. It is observed that melting was
carried out to some extent within a fracture surface.

<Example 19>

[0215] Barium ferrite magnetic powder with salt syn-
thesized according to Example 13 (in case where sodium
chloride was added in a weight ratio of 5% with respect
to barium ferrite magnetic powder with salt and synthe-
sized at an inlet temperature of 250 °C, and an outlet
temperature of 850 °C) was molded and sintered (with
spark plasma sintering) to evaluate the magnetic char-
acteristics using the formed sintered body (barium ferrite
magnet with salt).
[0216] The molding and sintering conditions were as
follows. Barium ferrite magnetic powder with salt synthe-
sized according to Example 13 was filled into a molding
frame with a carbon material and heated at a heating rate
of 100 °C per minute to a target temperature of 800 °C
under argon (Ar) atmosphere. The molding frame heated
at 800 °C was maintained at a pressure of 100 MPa for
five minutes and then cooled to obtain a sintered body
(barium ferrite magnet with salt). The manufactured sin-
tered body has a disc type, and was manufactured such
that the height of the disc is greater than one half of the
diameter thereof.
[0217] FIG. 59 is a graph in which magnetic character-

istics are evaluated using a vibrating sample magnetom-
eter (VSM) for a barium ferrite magnet with salt produced
according to Example 19.
[0218] Referring to FIG. 59, the in-plane shows a result
in which the magnetic characteristics were measured in
the horizontal direction of the disc, and each value ex-
hibited a saturated magnetization (Ms) of 55.384 emu/g,
a residual magnetization (Mr) of 28.458 emu/g, and a
coercive force (Hc) of 4526 Oe, and thus a Mr/Ms of
51.77% was exhibited.
[0219] The out-of-plane shows a result in which the
magnetic characteristics were measured in the vertical
direction of the disc, and each value exhibited a saturated
magnetization (Ms) of 56.751 emu/g, a residual magnet-
ization (Mr) of 40.068 emu/g, and a coercive force (Hc)
of 4558 Oe, and thus a Mr/Ms of 70.21 % was exhibited.
[0220] In case of a value measured in the vertical di-
rection of the disc, it was 70.21 %, and thus the Mr/Ms
value was shown to be higher than that measured in the
horizontal direction thereof. It denotes that the magneti-
zation easy axis of barium ferrite was aligned in the ver-
tical direction of the disc during the molding process.
[0221] FIG. 60 is an X-ray diffraction graph for a sin-
tered body (barium ferrite magnet with salt) produced
according to Example 19.
[0222] Referring to FIG. 60, it is seen that barium ferrite
phases subsequent to molding and sintering were well
formed whereas crystalline peaks for barium ferrite were
not shown in Example 13. It is supposed that barium fer-
rite phases were formed due to heat and pressure during
the molding and sintering processes.
[0223] FIGS. 61 and 62 are scanning electron micro-
scope (SEM) photos illustrating a fracture surface of a
sintered body (barium ferrite magnet with salt) produced
according to Example 19.
[0224] Referring to FIGS. 61 and 62, it was difficult to
find an original spherical secondary particle shape as a
whole, and observed that the added sodium chloride was
well molten. It is supposed that relatively well molten salt
was contributed to the alignment of barium ferrite parti-
cles, and thus expected to obtain a higher alignment level
when optimizing conditions for manufacturing and sinter-
ing ferrite powder with molten salt.

<Example 20>

[0225] Barium ferrite magnetic powder with salt syn-
thesized according to Example 14 (in case where sodium
chloride was added in a weight ratio of 3% with respect
to barium ferrite magnetic powder with salt and synthe-
sized at an inlet temperature of 250 °C, and an outlet
temperature of 850 °C) was molded and sintered (with
spark plasma sintering) to evaluate the magnetic char-
acteristics using the formed sintered body (barium ferrite
magnet with salt).
[0226] The molding and sintering conditions were as
follows. Barium ferrite magnetic powder with salt synthe-
sized according to Example 14 was filled into a molding
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frame with a carbon material and heated at a heating rate
of 100 °C per minute to a target temperature of 800 °C
under argon (Ar) atmosphere. The molding frame heated
at 800 °C was maintained at a pressure of 100 MPa for
five minutes and then cooled to obtain a sintered body
(barium ferrite magnet with salt). The manufactured sin-
tered body has a disc type, and was manufactured such
that the height of the disc is greater than one half of the
diameter thereof.
[0227] FIG. 63 is a graph in which magnetic character-
istics are evaluated using a vibrating sample magnetom-
eter (VSM) for a barium ferrite magnet with salt produced
according to Example 20.
[0228] Referring to FIG. 63, the in-plane shows a result
in which the magnetic characteristics were measured in
the horizontal direction of the disc, and each value ex-
hibited a saturated magnetization (Ms) of 55.928 emu/g,
a residual magnetization (Mr) of 29.289 emu/g, and a
coercive force (Hc) of 4319 Oe, and thus a Mr/Ms of
52.37% was exhibited.
[0229] The out-of-plane shows a result in which the
magnetic characteristics were measured in the vertical
direction of the disc, and each value exhibited a saturated
magnetization (Ms) of 58.443 emu/g, a residual magnet-
ization (Mr) of 40.319 emu/g, and a coercive force (Hc)
of 4307 Oe, and thus a Mr/Ms of 68.99% was exhibited.
[0230] In case of a value measured in the vertical di-
rection of the disc, it was 68.99%, and thus the Mr/Ms
value was shown to be higher than that measured in the
horizontal direction thereof. It denotes that the magneti-
zation easy axis of barium ferrite was aligned in the ver-
tical direction of the disc during the molding process.
[0231] FIG. 64 is an X-ray diffraction graph for a sin-
tered body (barium ferrite magnet with salt) produced
according to Example 20.
[0232] Referring to FIG. 64, it is seen that barium ferrite
phases subsequent to molding and sintering were well
formed whereas crystalline peaks for barium ferrite were
not shown in Example 14. It is supposed that barium fer-
rite phases were formed due to heat and pressure during
the molding and sintering processes.
[0233] FIGS. 65 and 66 are scanning electron micro-
scope (SEM) photos illustrating a fracture surface of a
sintered body (barium ferrite magnet with salt) produced
according to Example 20.
[0234] Referring to FIGS. 65 and 66, molten portions
and non-molten portions were exhibited in a mixed man-
ner and it is supposed to be a phenomenon that occurred
due to a low content of molten salt compared to Example
19 with the same sintering condition. However, a rela-
tively high Mr/Ms value (68.99%) was exhibited and thus
it is expected to obtain a higher alignment level when
optimizing conditions for manufacturing and sintering fer-
rite powder with molten salt.
[0235] Samples formed with incomplete ferrite phases
during the process of synthesizing ferrite magnetic pow-
der with salt may be also applicable since they exhibited
ferrite phases during the sintering process as disclosed

in Examples 17 through 20.
[0236] As described above, although exemplary em-
bodiments have been described in detail, the present in-
vention is not limited to the foregoing embodiments, and
it will be apparent to those skilled in this art that the
present invention may be implemented in various other
forms within the scope of the technical concept of the
present invention.

Claims

1. A ferrite magnet with salt, comprising:

40 to 99.9 weight % of ferrite and 0.1 to 60 weight
% of salt,
wherein the salt has a melting point lower than
a synthetic temperature of the ferrite, and
the salt forms a melt salt matrix between the
ferrite particles.

2. The ferrite magnet with salt of claim 1, wherein the
ferrite magnet with salt has a structure in which a
plurality of ferrites are uniformly dispersed in the salt
matrix, and/or
the ferrite is formed of secondary particles, wherein
the secondary particles have a form in which a plu-
rality of primary particles having a size smaller than
that of the secondary particles are conglomerated
along with salt.

3. The ferrite magnet with salt of claim 2, wherein the
secondary particles are spherical particles having a
diameter of 0.1 to 20 mm or non-spherical particles
having a diameter of 0.1 to 1000 mm, and the primary
particles have a diameter of 5 to 1000 nm.

4. The ferrite magnet with salt according to any one of
claims 1 to 3, wherein the ferrite magnet with salt
has a ratio (Mr/Ms) of residual magnetization (Mr) to
saturated magnetization (Ms) greater than 50%.

5. The ferrite magnet with salt according to any one of
claims 1 to 4, wherein the salt comprises at least one
or more selected from a chloride metal salt, a nitric
acid metal salt, and a sulfuric acid metal salt, wherein
preferably
the chloride metal salt is one or more selected from
NaCl, KCl, LiCl, CaCl2 and MgCl2, and/or
the nitric acid metal salt is one or more selected from
NaNO3, KNO3, LiNO3, Ca(NO3)2 and Mg(NO3)2,
and/or
the sulfuric acid metal salt is one or more selected
from Na2SO4, K2SO4, Li2SO4, CaSO4 and MgSO4.

6. The ferrite magnet with salt according to any one of
claims 1 to 5, wherein the ferrite is a hexagonal fer-
rite, preferably havinga form of MT12O19, wherein
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M comprises one or more selected from Ba, Sr and
La, and
T comprises one or more selected from Fe and Co.

7. The ferrite magnet with salt according to any one of
claims 1 to 5, wherein the ferrite is a spinel ferrite
preferably having
a form of M3O4, wherein
M is one or more selected from Fe, Co, Mg, Mn, Zn
and Ni.

8. A method of manufacturing a ferrite magnet with salt
as defined in any one of claims 1 to 7, the method
comprising:

preparing a source material of the ferrite to be
synthesized;
preparing a salt having a melting point lower
than a synthetic temperature of the ferrite to be
synthesized;
mixing the source material of the ferrite with the
salt;
synthesizing ferrite magnetic powder with salt
while melting the salt; and
molding and sintering the ferrite magnetic pow-
der with salt into a desired form to obtain a ferrite
magnet with salt,
wherein the ferrite magnet with salt comprises
40 to 99.9 weight % of ferrite and 0.1 to 60 weight
% of salt, and
the salt is melt to form a salt matrix between the
ferrite particles.

9. The method of claim 8, wherein the salt has a melting
point lower than the temperature of synthesizing the
ferrite magnetic powder with salt, and
the sintering is carried out in a temperature condition
of melting the salt or a temperature and pressure
condition of melting the salt.

10. The method of claim 8 and/or claim 9, wherein the
ferrite magnet with salt has a structure in which a
plurality of ferrites are uniformly dispersed in the salt
matrix, and/or
the ferrite is formed of secondary particles, wherein
the secondary particles have a form in which a plu-
rality of primary particles having a size smaller than
that of the secondary particles are conglomerated
along with salt.

11. The method of claim 10, wherein the secondary par-
ticles are spherical particles having a diameter of 0.1
to 20 mm or non-spherical particles having a diam-
eter of 0.1 to 1000 mm, and the primary particles
have a diameter of 5 to 1000 nm.

12. The method according to any one of claims 8 to 11,
wherein the salt comprises at least one or more se-

lected from a chloride metal salt, a nitric acid metal
salt, and a sulfuric acid metal salt, wherein preferably
the chloride metal salt is one or more selected from
NaCl, KCl, LiCl, CaCl2 and MgCl2, and/or
the nitric acid metal salt is one or more selected from
NaNO3, KNO3, LiNO3, Ca(NO3)2 and Mg(NO3)2,
and/or
the sulfuric acid metal salt is one or more kinds se-
lected from Na2SO4, K2SO4, Li2SO4, CaSO4 and
MgSO4.

13. The method according to any one of claims 8 to 12,
wherein the source material of the ferrite comprises
one or more selected from Ba(NO3)2, BaCO3, BaCl2,
BaSO4, BaO2, Sr(NO3)2, SrCO3, SrCl2, SrSO4, Sr
(OH)2 La(NO3)3, LaCl3 La2(SO4)3 and La(OH)3 and
one or more kinds of materials selected from Fe
(NO3)3, FeCO3, FeCl3, Fe2O3, FeCl2, Fe(OH)3, Co
(NO3)2, CoCO3, CoCl2 and CoSO4, and/or
the ferrite is a hexagonal ferrite preferably having
a form of MT12O19, wherein
M comprises one or more selected from Ba, Sr and
La, and
T comprises one or more selected from Fe and Co.

14. The method according to any one of claims 8 to 12,
wherein the source material of the ferrite comprises
one or more selected from Fe(NO3)3, FeCO3, FeCl3,
Fe2O3, FeCl2, Fe(OH)3, Co(NO3)2, CoCO3, CoCl2,
CoSO4, Mn(NO3)2, MnCO3, MnCl2, MnSO4, MnO2,
Mg(NO3)2, MgCO3, MgCl2, MgSO4, Ni(NO3)2,
NiCO3, NiCl2, NiSO4, Zn(NO3)2, ZnCl2, ZnSO4 and
ZnO, and/or
the ferrite is a spinel ferrite preferably having
a form of M3O4, and
the M is one or more selected from Fe, Co, Mg, Mn,
Zn and Ni.

15. The method according to any one of claims 8 to 14,
wherein the source material of the ferrite comprises
one or more selected from Ba(NO3)2, BaCO3, BaCl2,
BaSO4, BaO2, Sr(NO3)2, SrCO3, SrCl2, SrSO4, Sr
(OH)2 La(NO3)3, LaCl3 La2(SO4)3 and La(OH)3 and
one or more kinds of materials selected from Fe
(NO3)3, FeCO3, FeCl3, Fe2O3, FeCl2, Fe(OH)3, Co
(NO3)2, CoCO3, CoCl2 and CoSO4, and
said synthesizing the ferrite magnetic powder with
salt comprises:

supplying power to a heating means surround-
ing the circumference of a reaction chamber in
a spray pyrolysis apparatus and heating the re-
action chamber to maintain a temperature high-
er than the melting point of the salt in a consistent
manner;
supplying a carrier gas to a sprayer containing
a mixture of the source material of the ferrite and
the salt;
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vibrating the mixture contained in the sprayer by
an ultrasonic transducer to generate liquid drop-
lets in the sprayer; and
introducing the liquid droplets into the reaction
chamber by the carrier gas and allowing the liq-
uid droplets introduced into the reaction cham-
ber to be subjected to the pyrolysis and oxidation
reaction to synthesize ferrite magnetic powder
with salt.
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