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RELAXATION OF RESIDUAL STRESSES IN THIN FILMS INVESTIGATED USING SYNCHROTRON
RADIATUION
Tatsuya MATSUE®, Takao HANABUSA*?, Kazuya KUSAKA™, Osami SAKATA*
*INiihama National College of Technology, **Institute of Technology and Science, The
University of Tokushima, **Japan Synchrotron Radiation Research Institute/SPring—8
Advaces in x-ray Analysis * vol.52 « 233 + 20094F.

The crystal structure and residual stresses of TiN thin films deposited by arc ion plating
(AIP) on a steel substrate were investigated using a synchrotron radiation system which
emitted ultra-intense X-rays. In a previous study, the crystal structure of TiN films
deposited by AIP was found to be strongly influenced by the bias voltage during deposition.
However, for film thickness of approximately 200 nm, TiN films deposited under bias voltages
of =100 V and 0 V had a preferred orientation of {110}. In the present study, the two-tilt
method was used to evaluate the residual stresses in TiN films by measuring lattice strains
in two directions determined by the crystal orientation. The TiN films deposited under a
bias voltage of —100 V were found to have a compressive residual stress of —8.0 GPa. This
was observed to decrease with increasing annealing temperature, and reached a value of -3.5
GPa at 800°C. On the other hand, TiN films deposited under a bias voltage of 0 V had a
compressive residual stress of —6.5 GPa, which was reduced to —5.2 GPa following annealing
at 800°C.

Keywords: TiN film, Arc ion plating, Crystal structure, Residual stress, Surface morphology,

Synchrotron radiation
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Response characteristics of all-solid-state pH sensor using Li;YSi,0,, glass
Susumu Nakayama*', Koji Onishi*®, Taro Asahi®™®, Yan Lin Aung™, Shigeki Kuwata®'

*Department of Applied Chemistry and Biotechnology Niihama National College of Technology,
*Department of Electrical Engineering and Information Science Niihama National College of
Technology, *Department of Materials Engineering Niihama National College of Technology,
*World-Lab Co., Ltd.

Ceramics International, Vol.35, p.3057-3060, 2009.

A new type of all-solid-state pH sensor was investigated for the monitoring of pH in high
temperature. The all-solid—state pH sensor consists of two half-cells: indicator electrode using
the Liz¥YSi,0,, glass and an Ag/AgCl reference electrode coated with Nafion film. A stable Nafion
film was achieved by heat treating at 100 °C for 1 hour. The electromotive force (EMF) of the
all-solid-state pH sensor decreased linearly with pH increase in water in accordance with the
Nernst’ s equation. The all-solid-state pH sensor operated stably up to 80 °C. The sensitivity
of the all-solid-state pH sensor against pH was high, and the EMF was also scarcely influenced by
the presence of inorganic ions such as Li’, Na" and Cl1". It was practically confirmed by the pH
titration test that the all-solid—state pH sensor behaved similarly to the commercial pH meter with
the conventional glass electrode. In addition, the all-solid-state pH sensor showed same

equivalence point both at high temperature and low temperature operations.
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Heat Generation Ability in AC Magnetic Field of Nano MgFe,0, Ferrite
Powder Prepared by Bead Milling
H. Hirazawa*, H. Aono®, T. Naohara™, T. Maehara®, M. Sato®, and Y. Watanabe™
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Proc. of the 6™ International Symposium on Electromagnetic Processing of Materials, pp. 189-192,
10/2009

The nano sized MgFe,0,—based ferrite powder having a heat generation ability in an AC magnetic
field was prepared by bead milling and studied for thermal coagulation therapy applications. The
crystal size and the particle size significantly decreased by bead milling. The heat generation
ability in the AC magnetic filed improved with the milling time, i.e., a decrease in the crystal

size. However, the heat generation ability decreased for excessive milled samples with crystal sizes
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less than 5.5 nm. The highest heat ability (AT=34 °C) in the AC magnetic field (370 kHz, 1.77 kA/m)
was shown for the fine MgFe,0, powder having an ca. 6 nm crystal size (the samples milled for 6-8
h using 0. Imm¢ beads). The heat generation of the samples was closely related to the hysteresis
loss for the B-Hmagnetic property. The reason for the high heat generation properties of the samples
milled for 6-8 h using 0. Imm ¢ beads was ascribed to the increase in the hysteresis loss by formation
of the single domain. Moreover, the improvement in the heating ability was obtained by calcination
at low temperature of the bead—milled sample. In this case, the maximum heat generation (A T=41
°C) ability was obtained for an ca. 11 nm crystal size sample prepared by the crystal growth during

the sample calcination.
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Computer simulation gf heat generation ability in AC magnetic field for bneedle—type materials
T. Naohara®, H. Aono*™, T. Maehara®, Y. Watanabe®, H. Hirazawa™, and S. Matsutomo™
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Proc. of the 6 International Symposium on Electromagnhetic Processing of Materials, pp. 193-196,
10/2009
Considering the application for the novel ablation therapy of liver cancer, the heat generation
ability of needle—type materials was studied in an AC magnetic field at 370kHz. The significant
difference in the heating properties among the ferromagnetic Fe, Fe—based alloys and Ni was
reasonably explained by the effect of the hysteresis loss. Moreover, that of the ferromagnetic Ni
and non-magnetic Ti rod specimens was investigated using a computer simulation (JMAG Studio,
ver. 9.0) together with the experimental work. The Ni—rod specimen exhibited a markedly larger heat
generation ability as compared to that of the Ti-rod specimen, resulting from the magnetic flux
concentration at the surface and its vicinity. For these conducting materials, the reason for the
temperature enhancement in the AC magnetic field was associated with the effect of eddy current
loss. The heat generation abilities calculated from the computer simulation almost agreed with the
experimentally obtained values. When the electrical resistivity is changed in the computer
simulation, the peaks of the temperature and heat generation ability appeared around 0.40u Qm for
the Ti-rod specimen. These results allowed us to conclude that the electrical resistivity plays

a key role through the effects of the eddy current loss and magnetic penetration depth.
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High Heat Generation Ability under AC Magnetic Field for Y;Fe;O,, Prepeared
by Reverse Coprecipitation Method

H. Aono®, H. Hirazawa®, T. Naohara™, T. Maehara®, and Y. Watanabe®
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Proc. of the 6™ International Symposium on Electromagnetic Processing of Materials, pp. 185-188,
10/2009

Magnetic materials having a high heat generation ability in an AC magnetic field have been studied
for use in new thermal coagulation therapy for cancers. Y;Fe;0,,~based powder materials, i.e., the

Gd-substituted Y;4GdyFes0,, system, were synthesized by a reverse coprecipitation method for this
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new therapy. The obtained precursors of homogeneous hydroxides using this method were calcined at
1000 °C = 1200 °C for the preparation of the Y;Fe;0,,~based oxide powder. A mixed cubic and orthorhombic
phase was formed for the samples calcined below 1100 °C for all the examined X values. A single
cubic phase was obtained for the samples heated at 1150 °C and higher. The maximum heat generation
ability in an AC magnetic field (370 kHz, 1.77kA/m) was for the sample calcined at 1100°C. However,
the heat ability was poor for the samples calcined at the lower and higher temperatures. The
calcination temperature at around the phase transition between the two phases influenced the high
heat generation ability. In particular, the particle growth with the formation of the cubic single
phase acted to decrease the heat ability. The heat generation ability of the Y;GdiFe;0,, system
was almost the same for the X region from X=0 to X=2. 5. However, the heat generation significantly

decreased to zero for Gd;Fe;0,, (X=3.0).

FE K2
Effect of crystal sizes on heat generation ability in AC magnetic field for
FeFe,0, ferrite powder prepared by bead milling
H. Hirazawa™, H. Aono®, T. Naohara™, T. Maehara™, M. Sato™, and Y. Watanabe™
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Proc. of 25th International Japan—Korea Seminar on Ceramics, pp.760-763, 11/2009

For the treatment of cancerous tissues, the thermal coagulation techniques of radio frequency
and microwave coagulation therapies have been applied as effective methods. Thermal coagulation
can also be realized by application of an AC magnetic field from external coils to the tumors using
powder type magnetic materials [1-3]. Moreover, the drug delivery system (DDS) using nano sized
magnetic particles encapsulated in a liposome is applicable for this therapy.
Up to now, a fine magnetite (FeFe,0,) powder has been investigated as the candidate material for
this type of therapy [1]. For the FeFe,0,, the heat generation ability in an AC magnetic field is
influenced by the crystal size [2]. In our previous paper, it was reported that the FeFe,0, prepared
by coprecipitation method showed the maximum heating ability in an AC magnetic field when the crystal
size was ca. 12 nm [3]. The heat generation in an AC magnetic field is strongly influenced by the
hysteresis loss of the B-H magnetic property [2,3]. We have prepared the FeFe,0, material by
coprecipitation and reverse precipitation method [2]. However, the effect of the crystal size on
the heat generation was not clear for these materials, because the particle size and the crystal
size of the samples prepared by chemical processes might not be small enough to study these
properties.
In this study, we investigated the heat generation ability in an AC magnetic field of fine FeFe,0,
powders physically prepared using a bead—milling method and calcinations in order to discuss the

heating properties of the fine particles.

TE K2
Feasibility of chemohyperthermia with docetaxel-embedded
magnetoliposomes as minimally invasive local treatment for cancer

Motohira Yoshida*!, Yuji Watanabe*, Mitsunori Sato®, Tsunehiro Maehara®, Hiromichi Aono*, Takashi
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Naohara™, Hideyuki Hirazawa™, Atsushi Horiuchi*, Shungo Yukumi*™, Koichi Sato™, Hiromichi
Nakagawa™, Yuji Yamamoto™, Hiroki Sugishita® and Kanji Kawachi®
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International Journal of Cancer, 126, pp.1955-1965, 2010

Hyperthermia is a minimally invasive approach to cancer treatment, but it is difficult to heat
only the tumor without damaging surrounding tissue. To solve this problem, we studied the
effectiveness of chemohyperthermia with docetaxel—-embedded magnetoliposomes (DMLs) and an applied
alternating current (AC) magnetic field. Human MKN45 gastric cancer cells were implanted in the
hind 1imb of Balb—c/nu/nu mice. Various concentrations of docetaxel-embedded DMLs were injected
into the tumors and exposed to an AC magnetic field (n 5 6, each). For comparison with hyperthermia
alone, magnetite—loaded liposome (ML)-injected tumors were exposed to an AC magnetic field.
Furthermore, the results of DML without AC treatment and docetaxel diluted into PBS with AC treatment
were also compared (n 5 10, each). Tumor surface temperature was maintained between 42 and 43_C.
Tumor volume was reduced in the DML group with a docetaxel concentration > 56.8lg/ml, while a
docetaxel concentration > 568.51lg/ml was required for tumor reduction without hyperthermia
Statistically significant differences in tumor volume and survival rate were observed between the
DML group exposed to the magnetic field and the other groups. The tumor disappeared in 3 mice in
the DML group exposed to the magnetic field; 2 mice survived over 6 months after treatment, whereas
all mice of the other groups died by 15 weeks. Histologically, hyperthermia with DML damaged tumor
cells and DML diffused homogeneously. To the best of our knowledge, this is the first report to
show that hyperthermia using chemotherapeutic agent—embedded magnetoliposomes has an anticancer

effect.
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The structure of Cr—N films deposited by arc ion plating investigated using synchrotron radiation
Tatsuya MATSUE*, Takao HANABUSA*, Kazuya KUSAKA*?, Osami SAKATA™,
*INiihama National College of Technology, **School of Eng., The Univ. of Tokushima
*3Japan Synchrotron Radiation Research Institute
The 10th International Symposium on Sputtering & Plasma Processes2009 (ISSP2009) -+ 531 -
20094F,

The structures of CrN films deposited by arc ion plating on steel substrates were
investigated using a synchrotron radiation system that emits ultraintense X-rays. The CrN
films were found to be mainly composed of {110} oriented CrN crystals, but they also had
a small component of randomly oriented Cr,N crystals. The CrN220 diffraction shifts to a
high diffraction angle as the annealing temperature increases. In contrast, the peak
position of the Cr,N211 diffraction hardly changes with an increase in the annealing
temperature up to 873K. The ratio of nitrogen and oxygen to chromium at the film surface
and inside in the film was estimated by Auger electron spectroscopy. After annealing at 973K,

the surface layer was oxidized, but the composition inside the CrN film (N/Cr=0.83) remained
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unchanged.

WE Eth
RESIDUAL STRESSES OF Cr-N FILMS DEPOSITED BY ARC ION PLATING
INVESTIGATED USING SYNCHROTRON RADIATION
Tatsuya MATSUE", Takao HANABUSA*, Kazuya KUSAKA™, Osami SAKATA*, Masayuki NISHIDA™
*INiihama National College of Technology, **School of Eng., The Univ. of Tokushima,
*Japan Synchrotron Radiation Research Institute, **Kobe City College of Technology

« The 5th International Conference on Mechanical Stress Evaluation by Neutrons and
Synchrotron Radiation (MECASENSV ) Book of Abstracts « 152 « 20094F.

The structures of Cr-N films deposited by arc ion plating on steel substrates were
investigated using a synchrotron radiation system that emits ultraintense X-rays. The Cr—-N
films were found to be mainly composed of {110} oriented CrN crystals, but they also had
a small component of randomly oriented Cr,N crystals. The CrN220 diffraction shifts to a
high diffraction angle as the annealing temperature increases. In contrast, the peak
position of the Cr,N211 diffraction hardly changes with an increase in the annealing
temperature up to 873 K. The ratio of nitrogen and oxygen to chromium at the film surface
and inside in the film was estimated by Auger electron spectroscopy. After annealing at 973
K, the surface layer was oxidized, but the composition inside the Cr-N films (N/Cr = 0.83)
remained unchanged. The residual stress in a 1600-nm—thick as—deposited CrN layer was found
to be —11.0GPa. The residual stresses of Cr-N films relaxed to thermal stress levels on

annealing. However, the residual stress in the Cr,N layer could not be evaluated.

WE Eth
Stress Estimation of Titanium Casting Alloy by x—ray Measurement Technique
of Single Crystal
Masayuki NISHIDA*!, Takao HANABUSA*?, Ayumi SHIRO** and Tatsuya MATSUE*
*IKobe City College of Technology, **School of Eng., The Univ. of Tokushima, **Graduate Student,
School of Eng., The Univ. of Tokushima, **Niihama National College of Technology

« The 5th International Conference on Mechanical Stress Evaluation by Neutrons and
Synchrotron Radiation (MECASENSV ) Book of Abstracts 83 + 20094F.

Residual stresses in titanium casting alloy were estimated by X-ray stress measurement
technique. There are two problems in the condition of X-ray stress measurement. Firstly,
the titanium casting alloy has the large crystal grains. These coarse grains were generated
under solidification processes and those sizes are approximately 2 millimeter in this study.
These coarse crystal grains interfere with an accurate stress measurement due to the unstable
diffraction profile. This is because the existence of a sufficient number of isotropic
crystal grains in the X-ray irradiation area are based on the X-ray diffraction theory. In
this study, the stress measurement technique of single crystal materials was adopted for
the solution of this fundamental problem. Because the coarse crystal grain was treated as
a single crystal, the high intensity diffraction profiles were observed from a certain

direction with investigations of crystal orientation. The problem with the coarse crystal
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grain in titanium casting alloy were cleaned up by the employment of the single crystal
measurement technique. Secondly, the results from this study show that the position of
crystal grain within the X-ray irradiation area greatly influenced the residual stress
values. Therefore, in the present paper the erasing method of this position effect was tried
and discussed. Finally, the improvement of the accuracy of this method for the residual
stress measurement in titanium casting alloy under the several bending stresses was
confirmed. These results show that the erasing method in this study is an effective

correction method.

WE Eth
Neutron Stress Measurbment of Coarse Crystal Griin in Aluminum Casting Alloy
Masayuki NISHIDA™, Takao HANABUSA*?, Tatsuya MATSUE®™ and Hiroshi SUZUKI*
*IKobe City College of Technology, **School of Eng., The Univ. of Tokushima, *Niihama National
College of Technology, *Japan Atomic Energy Agency

« The 5th International Conference on Mechanical Stress Evaluation by Neutrons and
Synchrotron Radiation (MECASENSV) Book of Abstracts « 133 + 20094F.

Internal stresses in aluminum casting alloy were measured by the neutron stress measurement
method with the apparatus RESA in Japan Atomic Energy Agency (JAEA). In usual cases, coarse
crystal grains are included in aluminum casting alloy. These coarse crystal grains make
it extremely difficult to estimate the internal stresses by the neutron diffraction. The
two problems arise because of the existence of the coarse crystal grains. The first problem
is the production of an unstable diffraction profile in the necessary direction. The second
is the edge effect which is generated by the overhang of the coarse crystal grains from the
neutron irradiation area (gage volume). In this study, two kinds of new techniques used were
proposed to resolve these problems. Firstly, the elastic theory based on the sin2 ¢ method
is shown. Diffraction peaks in several directions were found by use of the rocking curve
method. Following that, the lattice spaces in each principal direction were calculated from
these diffraction peaks using the elastic theory. Secondly, the distribution of edge effect
around the gage volume was measured using a small bit of copper single crystal. From this
result, the edge effect was canceled out by the modified measurement method which was done
symmetrically. Finally, the aluminum casting sample which included coarse crystal grains
was set to the tensile testing machine on RESA’ s measurement table and the applicability

of these new techniques were confirmed experimentally.
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Crystallization of B,0;~Ti0,~Ca0 system was investigated by the method of XRD, SEM, and EPMA. The
glass was crystallized after heat—treating at 625°C for 60 min in the atmosphere. The precipitated
crystal in the glass was identified by the method of XRD. The crystal was only an anatase—type TiO,.
The crystals of both anatase and rutile type were deposited in the glass heat—treated at 700°C.
But the amount of rutile—type was less than that of anatase—type. The above result shows that it

is possible to produce a glass—ceramics with a photocatalyst function.
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The structure of Cr—N films deposited by arc ion plating investigated using synchrotron radiation
Tatsuya MATSUE*, Takao HANABUSA®, Kazuya KUSAKA*, Osami SAKATA*
*INiihama National College of Technology, **School of Eng., The Univ. of Tokushima, **Japan
Synchrotron Radiation Research Institute

* The 10th International Symposium on Sputtering & Plasma Processes2009 (ISSP2009) - 2009
F7H

The structures of CrN films deposited by arc ion plating on steel substrates were
investigated using a synchrotron radiation system that emits ultraintense X-rays. The CrN
films were found to be mainly composed of {110} oriented CrN crystals, but they also had
a small component of randomly oriented Cr,N crystals. The CrN220 diffraction shifts to a
high diffraction angle as the annealing temperature increases. In contrast, the peak
position of the Cr,N211 diffraction hardly changes with an increase in the annealing
temperature up to 873K. The ratio of nitrogen and oxygen to chromium at the film surface
and inside in the film was estimated by Auger electron spectroscopy. After annealing at 973K,
the surface layer was oxidized, but the composition inside the CrN film (N/Cr=0.83) remained

unchanged.
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RESIDUAL STRESSES OF Cr-N FILMS DEPOSITED BY ARC ION PLATING
INVESTIGATEDUSINGSYNCHROTRON RADIATION
Tatsuya MATSUE*!, Takao HANABUSA*, Kazuya KUSAKA*), Osami SAKATA*), Masayuki NISHIDA*!
*INiihama National College of Technology, **School of Eng., The Univ. of Tokushima
*3Japan Synchrotron Radiation Research Institute, *'Kobe City College of Technology

« The 5th International Conference on Mechanical Stress Evaluation by Neutrons and
Synchrotron Radiation (MECASENSV) - 20094114 .

The structures of Cr-N films deposited by arc ion plating on steel substrates were
investigated using a synchrotron radiation system that emits ultraintense X-rays. The Cr—-N
films were found to be mainly composed of {110} oriented CrN crystals, but they also had
a small component of randomly oriented Cr,N crystals. The CrN220 diffraction shifts to a
high diffraction angle as the annealing temperature increases. In contrast, the peak
position of the Cr,N211 diffraction hardly changes with an increase in the annealing
temperature up to 873 K. The ratio of nitrogen and oxygen to chromium at the film surface
and inside in the film was estimated by Auger electron spectroscopy. After annealing at 973
K, the surface layer was oxidized, but the composition inside the Cr-N films (N/Cr = 0.83)
remained unchanged. The residual stress in a 1600—nm—thick as—deposited CrN layer was found
to be —11.0 GPa. The residual stresses of Cr-N films relaxed to thermal stress levels on

annealing. However, the residual stress in the Cr,N layer could not be evaluated.
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« The 5th International Conference on Mechanical Stress Evaluation by Neutrons and
Synchrotron Radiation (MECASENSV) -« 20094115 .

Residual stresses in titanium casting alloy were estimated by X-ray stress measurement
technique. There are two problems in the condition of X-ray stress measurement. Firstly,
the titanium casting alloy has the large crystal grains. These coarse grains were generated
under solidification processes and those sizes are approximately 2 millimeter in this study.
These coarse crystal grains interfere with an accurate stress measurement due to the unstable
diffraction profile. This is because the existence of a sufficient number of isotropic
crystal grains in the X-ray irradiation area are based on the X-ray diffraction theory. In
this study, the stress measurement technique of single crystal materials was adopted for
the solution of this fundamental problem. Because the coarse crystal grain was treated as
a single crystal, the high intensity diffraction profiles were observed from a certain
direction with investigations of crystal orientation. The problem with the coarse crystal
grain in titanium casting alloy were cleaned up by the employment of the single crystal
measurement technique. Secondly, the results from this study show that the position of
crystal grain within the X-ray irradiation area greatly influenced the residual stress
values. Therefore, in the present paper the erasing method of this position effect was tried
and discussed. Finally, the improvement of the accuracy of this method for the residual
stress measurement in titanium casting alloy under the several bending stresses was
confirmed. These results show that the erasing method in this study is an effective

correction method.
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Neutron Stress Measurement of Coarse Crystal Grain in Aluminum Casting Alloy
Masayuki NISHIDA*, Takao HANABUSA™, Tatsuya MATSUE® and Hiroshi SUZUKI™
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« The 5th International Conference on Mechanical Stress Evaluation by Neutrons and
Synchrotron Radiation (MECASENSV) -« 2009411H.

Internal stresses in aluminum casting alloy were measured by the neutron stress measurement
method with the apparatus RESA in Japan Atomic Energy Agency (JAEA). In usual cases, coarse
crystal grains are included in aluminum casting alloy. These coarse crystal grains make
it extremely difficult to estimate the internal stresses by the neutron diffraction. The
two problems arise because of the existence of the coarse crystal grains. The first problem
is the production of an unstable diffraction profile in the necessary direction. The second
is the edge effect which is generated by the overhang of the coarse crystal grains from the
neutron irradiation area (gage volume). In this study, two kinds of new techniques used were

proposed to resolve these problems. Firstly, the elastic theory based on the sin2 ¢ method
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is shown. Diffraction peaks in several directions were found by use of the rocking curve
method. Following that, the lattice spaces in each principal direction were calculated from
these diffraction peaks using the elastic theory. Secondly, the distribution of edge effect
around the gage volume was measured using a small bit of copper single crystal. From this
result, the edge effect was canceled out by the modified measurement method which was done
symmetrically. Finally, the aluminum casting sample which included coarse crystal grains
was set to the tensile testing machine on RESA’ s measurement table and the applicability

of these new techniques were confirmed experimentally.
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The nano—sized FeFe,0, ferrite powder having a heat generation ability in an AC magnetic field
was prepared by beads milling. The highest heat generation ability (AT=26 °C) was obtained ca.
4. 7nm in crystal size. Moreover, the improvement in the heating ability was obtained by calcination

in Ar atmosphere at low temperature of the bead-milled sample.
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We prepared the Y, ,GdiFe;0,, ferrite system using a reverse coprecipitation method. The maximum
heat generation ability (AT) was obtained for the samples calcined at around 1100°C. However, the
Gd;Fe;0;, (X=3.0) has no heat generation ability in AC magnetic field. The calcined temperature of
the maximum AT value would depend on the crystal growth with the phase change between cubic and

orthorhombic phases.
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We prepared the Mg, \Ca,Fe,0, ferrite system using two methods of ethylene glycol method and reverse
coprecipitation method. The maximum heat generation ability (AT) was obtained for the samples
calcinedat around 700°C and 800°C for the two methods, respectively. The calcined temperature of
the maximum AT value would depend on the crystal distribution with the phase change between cubic

and orthorhombic phases.
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Fine Y,Fes0,, ferrite powder was prepared using bead—milling. Although the commercial Y;Fe;0,, dose
not show heat generation ability (AT=0°C) at al., the heat generation ability was strongly improved
by the bead-milling. The maximum heat temperature (AT=60°C) in an AC magnetic field was obtained

for the sample having 16 nm in crystal size.
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We prepared the Y;Fe;0,~based ferrite, i.e., Y;yGdiFe;0,, system using a reverse coprecipitation
method. The maximum heat generation ability (AT) was obtained for the samples calcined at 1100
°C. The calcined temperature of the maximum AT value would depend on the crystal growth with the
phase change between cubic and orthorhombic phases. However, the Gd;Fe:0,, (X=3.0) has no heat

generation ability in AC magnetic field.
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