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Ternary diffusion and thermodynamic interaction inthe B solid solutions of Ti-Al-Fe alloys
at 1423K

Tomoshi Takahashi *1, Yoritoshi Minamino *2

*1 R TEE F M PARBREA R TR, #2 KRB Lt 2e R RE Rk B i

Journal of Alloys and Compounds, Vol.545, ppl68-175, (2012)

The binary interdiffusion coefficients D in B Ti-Fe alloy and D in B Ti-Al alloy,

(Ti-Fe) (Ti—Al)

Fe impurity diffusion coefficients D in B Ti-Al alloys, and ternary interdiffusion

Fe (Ti—Al)

coefficients DT D" D" and DT

e rore * D ke py 0 Ti—rich B Ti-Al-Fe alloys were determined at

1423K using binary and ternary diffusion couples by ordinary and extended Matano methods and Hall’ s

values increase with Al concentration, and the B(TH%) values show almost no

one. The D,

(Ti—Al)

concentration dependence. The D values in B Ti-Al alloys steeply decrease with Al

Fe(Ti—Al)
concentration up to 7at%Al and become almost constant over about 7at%Al. In the ternary B Ti—Al-Fe

alloys, the D" DT D" and DT

EE ~ Ti ~ Ti
ol fore e ol values are positive, and the D,... and D

FeAl
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values are larger than the DT and DT  ones, respectively. They show the complicated

AlAl AlFe

dependence on concentrations of Al and Fe elements. The positive ratios of 5;;” /5;2& and

5 Ti

Al /EZAI indicate that the repulsive interactions exist between Al and Fe atoms in the ternary

alloys, but the negative ratios of converted interdiffusion coefficients 5;’!” /5;’!% show the

attractive interactions between Ti and Al and between Ti and Fe atoms in this alloy. These diffusion
coefficients and data suggest that Al diffusion occur by vacancy diffusion mechanisms and Fe
diffusion takes place by some kind of interstitial diffusion mechanism in 3 Ti-Al-Fe alloys.

FiE R

High Generation Properties in AC Magnetic Field for Ferrimagnetic R;Fes0,, (R=Y, Sm, Gd, Dy, Ho,
Er) Powder Materials Synthesized by Reverse Coprecipitation Method

Tadahiko NISHIMORI*1, Takashi NAOHARA*1, Tsunehiro MAEHARA*1, Hideyuki HIRAZAWA*2, Hiromichi
AONO*1

*1 BRI PR T T FIFERE, 2 Brmin T m 5 P PR A B LA

Journal of Iron and Steel Research, International, Suppl. 1, 19, pp.600-603, (2012)

R,Fe:0,, (R=Y, Sm, Gd, Dy, Ho, Er) powders synthesized by a reverse coprecipitation method were
investigated for their heat generation ability in an AC magnetic field. The heat generation ability
in an AC magnetic field was strongly influenced by the particle size, i.e., calcination temperature
of the precursor. The highest heat generation ability was obtained for the Y,Fe;0,, sample calcined
at 1100 °C. The heat generation ability (W-g-1) can be estimated using a 3.6 x 10-4 f+-H3 (frequency
(f/kHz) and the magnetic field (H/kA-m-1)) for the Y,Fe;0,, sample calcined at 1100 °C.

FE EKZ
Improvement of Heat Generation Ability in AC Magnetic Field and Magnetic Properties for Spinel
Type MgFe,0, Ferrite by Cu Substitution and Beads Milling
Hideyuki HIRAZAWA*1, Hiromichi AONO*2, Takashi NAOHARA*2, Tsunehiro MAEHARA*2, Yuji WATANABE*3
w1 BRI T2Em P PR BB LB, 2 BRI RFBEs TPFFeRt, 3 B FRFBLE R R
Journal of Iron and Steel Research, International, Suppl. 1, 19, pp.596-599, (2012)

Mg, \CusFe,0, type spinel ferrite was prepared by solid reaction method in order to discuss the
heat generation ability in AC magnetic field. The cubic type ferrite structure was obtained for
X=0-0. 6 samples calcined at 1200°C, and the mixture phase of cubic and tetragonal structures were
obtained for X=0.7, 0.8 samples from XRD result. The highest lattice parameter and highest
hysteresis loss value were also shown at X=0.6 sample, the crystal distortion was increased with
increase the Cu*" substitution in cubic type ferrite structure. The sized nano Mg, ,Cu, ¢Fe,0, powder
was prepared by physical milling method using beads milling. The highest heat generation in the
AC magnetic field was obtained for the 6 hmilled samples using 0. lmm beads. The Cu®" substitution
for MgFe,0, ferrite and the beads milling were very effective for the improvement of their heat
generation ability in AC magnetic field.
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High—-frequency induction heating of needle-shaped Mg—ferrite for ablation therapy of human
cancer

NAOHARA Takashi*1, AONO Hiromichi*1, MAEHARA Tsunehiro*1, HIRAZAWA Hideyuki*2, MATSUTOMO Shinya*3,
WATANABE Yuji*4
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Journal of Iron and Steel Research, International, Suppl. 1, 19, pp.735-738, (2012)

For application as a novel ablation therapy of human cancer, the heating property of a
needle—shaped Mg—ferrite prepared by a sintering technique was studied in a high—frequency
induction field at 370kHz. When inserted into cylindrical clay, the increase in temperature (A4
T) was 31.2°C for the specimen with a 1.5 mm diameter, while the 1. Omm diameter specimen exhibited
a AT value of 15. 7°C after the induction time of 1200s. The AT exhibited a high value of 57.9°C
during the simultaneous insertion of 3 1.5mm diameter specimens. In the computer simulation
images, the relatively lower magnetic flux density and concurrent negligibly low current density
were observed from the surface to the internal regions, being different from the behavior of a
ferromagnetic Ni—-rod with the same size.

FE EK2Z
High Heat Generation Abil ity in ACMagnetic Field of Nano-Sized magnetic Y;Fes0;, Ferrite Powder
Prepared by Physical Bead Milling
H. Aono*1l, T. Naohara*l, T. Maehara*l, and H. Hirazawa*2
*1 IR R PR PP TR, 2 Fraie T m S P P RER AR TR
Journal of Magnetism and Magnetic Materials, 324, 12, pp.1985-1991, (2012)

Nano—sized magnetic YsFe;0,, ferrite having a high heat generation ability in an AC magnetic
field was prepared by bead milling. A commercial powder sample (non-milled sample) of ca. 2.9
mm in particle size did not show any temperature enhancement in the AC magnetic field. The heat
generation ability in the AC magnetic field improved with a decrease in the average crystallite
size for the bead—milled Y;Fe;0,, ferrites. The highest heat ability in the AC magnetic field
was for the fine Y,Fe.0,, powder with a 15-nm crystallite size (the samples were milled for 4h
using 0.1mm beads). The heat generation ability of the excessively milled Y,Fe.0,, samples
decreased. The main reason for the high heat generation property of the milled samples was ascribed
to an increase in the Neel relaxation of the superparamagnetic material. The heat generation
ability was not influenced by the concentration of the ferrite powder. For the samples milled
for 4h using 0. lmm beads, the heat generation ability (Wg-') was estimated using a 3. 58X 10-! fH?
frequency (f/kHz) and the magnetic field (H/kA m'), which is the highest reported value of
superparamaghetic materials

TE REZ

Effect on Heat Generation Ability in AC Magnetic Field for Particle Growth of Nano-sized
Magnetic YsFe;0,, Powder Prepared by Bead Milling
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Nishimori Tadahiko*1, Yusuke Akiyama#*1, Takashi Naohara*l, Tsunehiro Maehara*l, Hideyuki
Hirazawa*2, and Hiromichi Aono*1

*1 IR R RFEH T AFFERE, 2 Brmi T m 5 P AR A B L7

Journal of the Ceramic Society of Japan, 121, 1, pp.13-16 (2013)

A superparamagnetic magnetic YsFe;0,, ferrite of 20.5nm in particle size was prepared by bead
milling using 0.05mm° beads for 10 h. The heat generation ability in an AC magnetic field (370
kHz, 1.77 kA‘m") was 0.34 W-g! for the bead—milled sample and was improved by calcination at
low temperature. The main reason for this heat generation property of the milled samples was
ascribed to a Néel relaxation of the superparamagnetic material. The maximum ability of 0.46 W- g
in an AC magnetic field (370 kHz, 1.77 kA-m™') was obtained for the sample (36.8nm in particle
size) calcined at 700° C. The heat generation ability was decreased with particle growth when
the calcination temperature was higher than 700° C. For the sample calcined at 600° C, the
heat generation ability (W-g™') was proportional to the square of the magnetic field (H/kA-m™).
In the case of the calcination at 700° C, the heat generation ability (W-g™') depended on the
cube of the magnetic field. The heat generation mechanism would change from superparamagnetic
to ferrimagnetic due to the pariticle growth at 700° C.

TE REZ

High-frequency induction heating of Ti—coated mild steel rod for minimal ly invasive ablation
therapy of human cancer

Takashi Naohara*l, Hiromichi Aono*l, Kentaro Shirai*1, Tsunehiro Maehara*1, Hideyuki Hirazawa*2,
Shinya Matsutomo*3, Yuji Watanabe4

*1 BRI RF B TAFSER, 2 Frm i TS M PR AR TR, 3 7 mik L3 5 B B 1
IR = S N PN SN & P S = A e

Journal of Magnetism and Magnetic Materials, 331 pp. 168-173 (2013)

For application as a novel ablation therapy of human cancer, the heating property of a Ti—coated
mild steel rod was studied in an AC magnetic field at 300 kHz. When the Ti-tube thickness was
as low as 0.1 mm, the specimen, when placed parallel to the magnetic flux direction (= 0) ,
exhibited a significant increase in temperature; however, its value gradually decreased with
the increasing Ti thickness. In computer simulation images, the high magnetic flux concentration
and on current large current density were observed around the interface between the mild steel
rod and the Ti—tube. The heating property was drastically different at the three inclination angles
(0=0, 45, and 90) to the magnetic flux direction. However, the effect of the inclination angle
was markedly reduced in the mild steel rod surrounded by a 0. 3mm thick Ti—tube, suggesting that
the non—oriented heating property will be achieved for the prototype ablation needle coated with
a Ti layer having the optimum thickness

TE ZRZ
RKEFTH Ti-Al BLUTi-V EE0OEEEE EZTDRERIER
FEEI TR« BRI « TR K1« KINRE*]
*1 TR T3 S B PR T, %2 KK
AR - 63 &2 5 - pp. 41-48 (2013.2)
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Heat Generation and Transfer Behaviors of Ti—coated Carbon Steel Rod Adaptable for Ablation
Therapy of Oral Cancer
Takashi Naohara*1, Hiromichi Aono*1, Tsunehiro Maechara*1, Hideyuki Hirazawa*2, Sinya Matsutomo*3,
and Yuji Watanabe*4
w1 H B T HF I PREREA B LR %2 B R RPHes LPaffiZedh, 3 Bimik T2 P
TR TR, 4 BRI ERATSER
Journal of Functional Biomaterials, 4(1), pp.27-37 (2013)

For the purpose of developing a novel ablation therapy for oral cancer, the heat generation and
transfer properties of a Ti—coated carbon steel rod with 20-mm length and 1. 8-mm outer diameter
were investigated by means of a high—frequency induction technique at 300 kHz. The heat generation
measurement performed using water (15 ml) revealed that the difference of the inclination angles
(6= 0° 45° and 90°) relative to the magnetic flux direction only slightly affects the heating
behavior, exhibiting the overlapped temperature curves during an induction time of 1200 s. These
results suggest that the effect of the shape magnetic anisotropy is almost eliminated being
convenient for the precise control of the ablation temperature in clinical use. In the experiments
utilizing a tissue mimicking phantom, the heat transfer concentrically occurred in the lateral
direction for both the planar surface and a 10—mm deep cross—section. However, the former exhibited
a considerably lower increase in temperature (AT), probably due to the effect of heat dissipation
to the ambient air. No significant heat transfer was found to occur to the lower side of the inserted
Ti—coated carbon steel rod, which is situated in the longitudinal direction.

FE ER2Z
Heat generation ability of nanosized Mg, CusFe,0, ferrite in an AC magnetic field
S. Utsunomiya*1, H. Hirazawa#*2, H. Aono*3, T. Naohara*3, T. Maechara*3, and Y. Watanabex4
w1 BRI TEm S P AR A PE TR, *2 B T S P ARG B LB, +3 B KPR 1
TR, k4 BB RS R
Journal of Magnetics Society of Japan, (2013) in press

Mg, ,Cu, ¢Fe,04 ferrite with the highest heat generation ability in AC magnetic field for the
Mg,CuF.,0, (X=0-1.0) series was prepared by the solid reaction method, and then bead milled to
examine the effect of particle size on the heat generation ability. Nanosized Mg, ,Cu, Fe,0, was
obtained by bead milling using 0.3 mm and 0. 1 mm diameter Zr0O, beads. The heat generation ability
increased with decreasing particle diameter to ca. 16.1 nm. However, the heat generation ability
decreased with decreasing particle diameter below 14.6 nm.

TE EZ
Heat generation ability in an AC magnetic field of nano-sized La2. 5wt% added MgFe,0, prepared

by beads milling
S. Yoshikawa*1l, H. Hirazawa*2, H. Aono*3, T. Naohara*3, T. Maehara*3, and Y. Watanabe*4
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FHFERL, k4 BB SRR
Journal of Magnetics Society of Japan, (2013) in press

The fine magnetic materials having a high heat generation ability in an AC magnetic field have
been studied for use in new thermal coagulation therapy. The fine ferrite powder about La* added
MgFe,0, was prepared by beads milling. The highest heat generation properties of the La®" added MgFe,0,
was obtained at milled for 240min using 0.1 mm¢ beads. The maximum heat generation ability and
hysteresis loss value were obtained for ca. 8.6nm in crystal size. A physical milling method using
bead milling was very effective for preparing the nano-sized La®" added MgFe,0, powder.
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We succeeded in making the glass—ceramics containing an anatase—type TiO, crystal from
B,0,-Ti0,~Sr0 glasses. Photocatalytic properties of these glass—ceramics containing an anatase—type
Ti0, crystal were evaluated by means of photodecomposition methods with a methylene blue. The most
of methylene blue was decomposed by irradiation of ultraviolet rays for 2 hours. It is seen that
the glass—ceramics prepared in this study have enough a photocatalytic property. The above result
shows that it is possible to make a bulk glass—ceramics having a photoctalytic property.
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Thermal Stress Estimation of Tungsten Fiber Reinforced Titanium Composite by In-situ X-ray Diffraction
Method

Masayuki NISHIDA*1, Masashi HANEOKA#*2, Tatsuya MATSUE*3, Tian JING*4 and Takao HANABUSA*5

*] Department of Mechanical Engineering, Kobe City College of Technology, Kobe, Japan

*2 Student of Advanced Course, Kobe City College of Technology, Kobe, Japan

*3 Department of Environmental Materials Engineering, Niihama National College of Technology, Ehime,

Japan

*4 Harbin Institute of Technology, Harbin, China

*5 The University of Tokushima, Tokushima, Japan

ISEM-ACEM-SEM-7th ISEM’ 12-Taipei Exhibition, 9-10 November 2012 (The Grand Hotel, Taipei, Taiwan).
Titanium is one of the useful materials in industrial fields because of the good properties of

light weight, high temperature resistance and so on. In this study, the tungsten fiber reinforced

titanium composite (W/Ti) was produced by the spot welding method. This manufacturing method used

only a simple spot welding system, and it did not need a vacuum chamber and a high temperature furnace

such as existing common methods. The arranged tungsten fibers were held between titanium plates
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(thickness 0.5mm) and fixed by the spot welding. Therefore, this W/Ti composite produced by the
spot welding did not joint in the whole position between the tungsten fiber and the titanium matrix
because of the partial welding in the spot welding point. The coverage, a rate of welding area to
the whole plate area, became in 150% for the sample in this study, because it should make up for
the partial welding by this method. X-ray stress measurement is the most useful non—distractive
method for estimating residual stresses on material surface. It is inferred the W/Ti sample included
thermal stresses generated from the thermal expansion mismatch between the titanium matrix and the
tungsten fiber. These thermal

stresses of the W/Ti composite were measured by x-ray stress measurement. Furthermore, the
alteration of thermal residual stress under the thermal cycling was measured by the in—situ x—ray
stress measurement technique. These results were discussed from the viewpoint of the thermal
expansion coefficient between fiber and matrix.
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Titanium is one of the useful materials in industrial fields because of the good properties of
light weight, high temperature resistance and so on. In this study, the tungsten fiber reinforced
titanium composite (W/Ti) was produced by the spot welding method. This manufacturing method used
only a simple spot welding system, and it did not need a vacuum chamber and a high temperature furnace
such as existing common methods. The arranged tungsten fibers were held between titanium plates
(thickness 0.5mm) and fixed by the spot welding. Therefore, this W/Ti composite produced by the
spot welding did not joint in the whole position between the tungsten fiber and the titanium matrix
because of the partial welding in the spot welding point. The coverage, a rate of welding area to
the whole plate area, became in 100% for the sample in this study, because it should make up for
the partial welding by this method. X-ray stress measurement is the most useful non—distractive
method for estimating residual stresses on material surface. It is inferred the W/Ti sample included
thermal stresses generated from the thermal expansion mismatch between the titanium matrix and the
tungsten fiber. These thermal stresses of the W/Ti composite were measured by x-ray stress
measurement. Furthermore, the tri-axial stress state in W/Ti composite was measured by the tri-axial
x—ray stress measurement technique. These results were discussed from the viewpoint of the thermal

expansion coefficient between fiber and matrix.
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X-ray stress measurement with sin2¢ method is employed to estimate residual stresses in
crystalline polyethylene. The transmission diffraction method was used in this study, because the
diffraction peak appeared in the 2 8 low angle region. The x—ray elastic constants of the crystalline
phase were measured for a high density polyethylene 110 plane and 200 plane respectively. The results
of sin2 ¢ diagram with transmission method showed good linearity under the several tensile loading
in the both of 110 diffraction and 200 diffraction. The x—ray elastic constants were proportional
to the both of crystalline degrees and diffraction plane. The setting condition of parallel beam
slits on the diffractometer was estimated to be a high precision measurement.
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FE B2
Improvement of Heat Generation Ability in AC magnetic field and Magnetic Properties for Spinel
Type MgFe204 ferrite by Cu Substitution
Hideyuki HIRAZAWA*1, Hiromichi AONO*2, Takashi NAOHARA*2, Tsunehiro MAEHARA*2, Yuji WATANABE*3
w1 BRI T2Em P AR BB LB, #2 BRI T TPFFert, 3 B FRFBLE 7R R
7th International Conference on Electromagnetic Processing of Materials (EPM2012) 2012 4E10 A

Mg, \CusFe,0, type spinel ferrite was prepared by solid reaction method in order to discuss the
heat generation ability in AC magnetic field. The cubic type ferrite structure was obtained for
X=0-0. 6 samples calcined at 1200°C, and the mixture phase of cubic and tetragonal structures were
obtained for X=0.7, 0.8 samples from XRD result. The highest lattice parameter and highest
hysteresis loss value were also shown at X=0.6 sample, the crystal distortion was increased with
increase the Cu?" substitution in cubic type ferrite structure. The sized nano Mg, ,Cu, sFe,0, powder
was prepared by physical milling method using beads milling. The highest heat generation in the
AC magnetic field was obtained for the 6 hmilled samples using 0. lmm beads. The Cu®*" substitution
for MgFe,0, ferrite and the beads milling were very effective for the improvement of their heat
generation ability in AC magnetic field.

TE K2
High-frequency Induction Heating of Needle-shaped Mg—ferrite for Ablation Therapy of Human
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Cancer
NAOHARA Takashi*1, AONO Hiromichi*1, MAEHARA Tsunehiro*1, HIRAZAWA Hideyuki*2, MATSUTOMO Shinya*3,
WATANABE Yuji*4
w1 BT T2Em S P AR BB LR, 2 BRI ToPpiFeRt, 3 B mik L3 % B e 1
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7th International Conference on Electromagnetic Processing of Materials (EPM2012) 2012 4E10 A
For application as a novel ablation therapy of human cancer, the heating property of a
needle—shaped Mg—ferrite prepared by a sintering technique was studied in a high-frequency
induction field at 370kHz. When inserted into cylindrical clay, the increase in temperature (A4
T) was 31.2°C for the specimen with a 1.5 mm diameter, while the 1. Omm diameter specimen exhibited
a AT value of 15. 7°C after the induction time of 1200s. The AT exhibited a high value of 57.9°C
during the simultaneous insertion of 3 1.5mm diameter specimens. In the computer simulation
images, the relatively lower magnetic flux density and concurrent negligibly low current density
were observed from the surface to the internal regions, being different from the behavior of a
ferromagnetic Ni—rod with the same size.
FE EKZ
Heat Generation Properties in AC Magnetic Field for Ferrimagnetic RFe:0, (R=Y, Sm, Gd, Dy,
Ho, Er) Powder Materials Synthesized by Reverse Coprecipitation Method
Tadahiko NISHIMORI*1, Takashi NAOHARA*1, Tsunehiro MAEHARA*1, Hideyuki HIRAZAWA*2, Hiromichi
AONO*1
*1 IR R PR PP PR, 2 Frmie T m S P P RR AR Lt
7th International Conference on Electromagnetic Processing of Materials (EPM2012) 2012 & 10 H
R,Fe0,, (R=Y, Sm, Gd, Dy, Ho, Er) powders synthesized by a reverse coprecipitation method were
investigated for their heat generation ability in an AC magnetic field. The heat generation ability
in an AC magnetic field was strongly influenced by the particle size, i.e., calcination
temperature of the precursor. The highest heat generation ability was obtained for the YsFes0,,
sample calcined at 1100 °C. The heat generation ability (W-g-1) can be estimated using a 3.6
x 10~4 f-H3 (frequency (f/kHz) and the magnetic field (H/kA-m-1)) for the Y,Fe;0,, sample calcined
at 1100 °C.

FE RZ
The heat generation ability for nano-sized MgCu,Fe,0, ferrite in an AC magnetic field
S. Utsunomiya#*1, H. Hirazawa*2, H. Aono*3, T. Naohara*3, T. Maechara*3, and Y. Watanabex4
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ICAUMS 2012 (International Conference of the Asian Union of Magnetics Societies) 2012 4% 10 H
Mg, ,Cu, ¢Fe,04 ferrite with the highest heat generation ability in AC magnetic field for the
Mg, «CuF.,0, (X=0-1.0) series was prepared by the solid reaction method, and then bead milled to
examine the effect of particle size on the heat generation ability. Nanosized Mg, ,Cu, ¢Fe,0, was
obtained by bead milling using 0.3 mm and 0. 1 mm diameter Zr0O, beads. The heat generation ability
increased with decreasing particle diameter to ca. 16.1 nm. However, the heat generation ability
decreased with decreasing particle diameter below 14.6 nm.
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FE ER2Z
Effect of La* addition on heat generation ability in ACmagnetic field of MgFe,0, powder prepared
by solid reaction method
Y. Wakae*l, H. Hirazawa*2, H. Aono*3, T. Naohara#*3, T. Maehara#*3, and Y. Watanabex4
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ICAUMS 2012 (International Conference of the Asian Union of Magnetics Societies) 2012410 H
Magnetic materials having high heat generation ability in an AC magnetic field have been studied
for the application of thermal coagulation therapy. We found that the MgFe,0, ferrite powder showed
the highest heat generation ability and hysteresis loss value in various commercial ferrite
samples (MFe,0,: M=Mg, Cu, Fe, Ni, Mn, Sn, Co). In this study, La*" added MgFe,0, was prepared by solid
reaction method in order to discuss the effect of La* addition on heat generations in an AC magnetic
field. The heat generation ability for MgFe,0, was improved with increase the La*" added amount
2.5wt% or less. Especially, the highest heat generation ability was obtained for La* 2. 5wt% added
samples. However the hysteresis loss value was decreased for La* 2.5wt% added samples.

FE ER2Z
Heat generation ability in an AC magnetic field nano-sized La2. 5wt% added MgFe,0, prepared by
beads milling
S. Yoshikawa*1l, H. Hirazawa*2, H. Aono*3, T. Naohara*3, T. Maehara*3, and Y. Watanabe*4
1 BT T 2Em S S P AR AR PE TR, 2 B T2 S P BRI B B, #3 B R R
ER0IEIE NI NG & AV SE A i
ICAUMS 2012 (International Conference of the Asian Union of Magnetics Societies) 2012410 H
The fine magnetic materials having a high heat generation ability in an AC magnetic field have
been studied for use in new thermal coagulation therapy. The fine ferrite powder about La* added
MgFe,0, was prepared by beads milling. The highest heat generation properties of the La’ added MgFe,0,
was obtained at milled for 240min using 0.1 mm¢ beads. The maximum heat generation ability and
hysteresis loss value were obtained for ca. 8.6nm in crystal size. A physical milling method using
bead milling was very effective for preparing the nano—sized La® added MgFe,0, powder.
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