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Ultrasonic spray pyrolysis (USP) has been successfully used to synthesize fine ceramic particles with several advantage
such as convenient, controllable and continuous process ". In the present work, nano-magnetic unsintered magnesium
ferrite as dried powder has been synthesized using ultrasonic spray pyrolysis technique without any additives and post-
annealing processes. Magnesium ferrite is a very useful soft magnetic ceramic material and it expected to be suitable for
local hyperthermia when compared with other ferrites ®. Spherical nano-sized magnesium ferrite powders were
obtained using ultrasonically atomized aqueous solutions of iron (III) nitrate and magnesium nitrate mixture followed
by thermal decomposition of dried mist in nitrogen atmosphere. Different pyrolysis temperature applied to the reactor
furnace was found to have a significant impact on the crystallinity and morphology of the magnesium ferrite powders.
Structural characterization was carried out using x-ray powder diffraction (XRD) method to evaluate crystallographic
analysis and crystallite size. Figure 1 shows that all the samples are single phase cubic ferrites particles with the space
group Fd-3m and lattice constant vary from 0.829 nm to 0.838 nm with increasing pyrolysis temperature from 600 °C to
800 °C. Crystallite size of the nanoparticles increased from 5.24 + 51 to 15.97 = 45 nm when pyrolysis temperature
increased from 600 °C to 800 °C. Formation of ferrites was examined using Fourier transform infrared spectroscopy
(FT-IR). The nanocrystallite nature and morphology of the as dried powder was evidenced by transmission electron
microscopy (TEM) (Fig. 2). The effects of the pyrolysis temperature on the particle size distribution were investigated
using laser particle size analyzer. Results showed that particle sizes were decreased from 253 nm to 67 nm by
increasing pyrolysis temperature from 600 °C to 800 °C and also narrower size distribution was obtained using higher
pyrolysis temperature. The agglomerates observed by field-emission scanning electron microscopy (FE-SEM) proved
that MgFe,O4 nanocrystallites shows high dispersibility. Also, particles prepared at 800 °C had less aggregated
structure than those prepared from 600 °C to 700 °C. The composition examined using energy-dispersive spectroscopy
(EDS) was stoichiometric. Magnetic properties of synthesized MgFe,04 powder were examined using VSM.
Reference:

1) Kang et al. Mat. Sci. Eng. B, 127 (2006) 99.
2) Francoetal., J. Appl. Phys., 109 (2011) 07B505.
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Fig. 1. XRD patterns of Mg-ferrite nanoparticles Fig. 2. SAED pattern of Mg-ferrite nanoparticles
synthesized at various pyrolysis temperature. synthesized at 600 °C.
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Controlled microwave-assisted synthesis of nano-crystalline zinc ferrite
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Controlled synthesis of nanocrystalline spinel ferrites are of immense importance owing to their interesting magnetic
characteristics at nanoscale that leads not only to study the process of magnetization in them at that scale but also to use
them for the development of various functional devices. Among largely-favoured low-temperature solution-based
processing methods, as demonstrated in our earlier work®, microwave-irradiation-assisted synthesis technique (MAST)
offers rapid way to obtain pure crystallites with very narrow size distribution. However, the use of surfactant and the
need of post-synthesis anneal was unavoidable in order to control distribution and growth of particle size. In this work
we will demonstrate surfactant-free and anneal-free synthesis of zinc ferrite nanocrystallites with tunable physical and
chemical properties by same MAST but with slightly altered synthesis conditions. Furthermore we will also show the
effect of processing conditions on their properties.

For the synthesis of zinc ferrite by MAST, metalorganic complexes such as Zn(acac), and Fe(acac); were chosen (in
stoichiometric ratio) as precursors and taken in a solvent mixture containing ethanol, 1-decanol, and a small quantity of
de-ionized water (5:8:1) and stirred mildly until a clear solution resulted. The clear solution was then transferred to a
Pyrex glass vessel, designed for ‘Discover SP’ system (Microwave reactor, CEM Corp., US), and placed inside the
microwave cavity for the exposure of microwave irradiation (2.45 GHz, 300 W) for just 10 minutes so as to complete
the reaction that resulted in pure nanocrystalline zinc ferrite powder (sample name: N10x) as precipitate at the bottom
of the vessel. 1-decanol, being a high boiling point solvent, pushed the overall boiling point of the solution mixture near
to 200 °C, while serving the purpose of surfactant due to its high viscosity. Therefore, the inclusion of 1-decanol was
found to be crucial to control shape and size of the nanocrystallites. The purity and crystallinity of the samples were
confirmed through powder X-ray diffraction (PXRD; Fig. 1) and X-ray photoelectron spectroscopy (XPS). Scanning
electron microscopy (SEM) image of the crystallites revealed mono-dispersed particles of ~ 5-7 nm diameters in
agglomerated state. Magnetization of these nanocrystallites, measured at low (3 K) temperature by using SQUID
magnetometer, revealed (Fig. 3) hysteresis with saturation magnetization (Ms) and coercivity of 30 emu/g and 400 Oe
respectively. Zinc ferrite — a normal spinel, which ideally is antiferromagnetic (below Ty=10 K) in bulk, displayed
superparamagnetism even at room temperature (Fig. 1c). This observation is a clear evidence of process-induced
distribution of cations in the lattice that in turn enables ferrimagnetically coupled superexchange interactions among the
Fe** ions present both in tetrahedral and octahedral sites. It is also to be noted that the inversion was infused in the
crystal structure only at ~190 °C and is believed to be influenced heavily by the presence of microwave irradiation.
Prolonged exposure (1 hour; sample name: N10 x-1H) of microwave irradiation, however, resulted in a little reduction
in Ms (23 emu/g), while uniform growth of nanocrystallites up to 20 nm was observed (Fig. 1 and 2). Therefore, an
anneal-free alternative to crystal growth was evidenced.

Reference
1) R. Saietal, J. Mater. Chem., 22, 5 (2012), 2149.
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High frequency soft-magnetic properties and thermal stability of
CoPd-SrTiO; nano-composite films

Yiwen Zhang', Nobukiyo Kobayashi’, Masayuki Naoe®, Shigehiro Ohnuma'* and Hiroshi Masumoto'
! Frontier Research Institute for Interdisciplinary Sciences, Tohoku University, Sendai, 980-8578, Japan
’DENIJIKEN, Sendai, 982-0807, Japan

Soft magnetic films with high permeability and ferromagnetic resonance frequency have been studied intensively for
the application in micro-electronic device components. Recent work has been done on soft-magnetic Co-based
nano-composite films to keep their permeability as high as possible to GHz frequency.” However, the resonance
frequency (f#) of the films is still low which may limit the application in higher-frequency magnetic devices. According
to the modified Landau-Lifshitz equation, it is required of large values of magnetic anisotropy field (H) and saturation
magnetization (M) to obtain high fr. Soft-magnetic films studied to date have large M,, but show rarely high H
Recently, a few films demonstrate high H;. whereas, they show low thermal stability, which is a big disadvantage for the
high temperature processing in practical applications (such as Surface mounted technology at 250°C for Printed circuit
board). In this report, SrTiO; (STO) is employed as nonmagnetic ceramic phase due to its thermal stability and high
resistivity (p). Pd is induced to form CoPd alloy nanoparticles to enlarge anisotropy (Hy). To prevent oxidation of Co
metal, a kind of tandem sputtering method is used. The composition, structure, magnetic properties and thermal stability
of the CoPd-STO films have been investigated.

The CoPd-STO nano-composite films were deposited onto Si and quartz substrates by sputtering methods, using a STO
target and a composite target composed of a Co disk, Pd chips. The chemical composition of the films was analyzed by
X-ray photoelectron spectroscopy (XPS). Film structures were investigated by XRD. The microstructure of films was
characterized by TEM. The magnetization was measured with VSM. The permeability (1) was determined by a shielded
loop coil method.

The CoPd-STO films consist of amorphous STO matrix and CoPd nano-particles. The CoPd phase shows fcc structure.
The CoPd-STO films have a typical in-plane uniaxial soft magnetic properties, with the easy axis (parallel) and hard
axis (perpendicular to easy magnetic direction) (Fig. 1). The magnetization hysteresis loops of the films show
magnetization (B;) of about 10 kG, H; of around 950 Oe, and p of 300 pQ-cm. It is noteworthy that the magnetic
properties of the sample after annealing treatment at 250 °C shows no obvious change compared with that of the
as-deposited film. Form XRD analysis (Fig. 2), it is clearly proved that the CoPd particles have no change after
annealing treatment for both size and crystalline structure. The measured u’ is approximately 10, which keeps constant
up to 3 GHz. The calculated ¢’ by L.L.G. formula is consistent with the measured results and shows the resonance
frequency at about 9 GHz.

Reference

1) Y. W. Zhang et al., IEEE Trans. Magn., vol. 47 (2011), 3795-3798.
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Fig. 1 RHEED patterns observed for Fey,Sig films deposited on
MgO(100) substrates at (a) RT, (b) 200 °C, (c) 400 °C, and (d)
600 °C.
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Fig. 2 (a-1)-(d-1) Out-of-plane XRD patterns of Feo;Sis films
deposited on MgO(100) substrates at (a-1) RT, (b-1) 200 °C,
(c-1) 400 °C, and (d-1) 600 °C. (a-2)—(d-2) Rocking curves
measured by ﬁxmg the diffraction angles at the peak angles of
FesSig(200) reflections in (a-1)—(d-1), respectively. The
intensity is shown (a-1)—(d-1) in a logarithmic scale or (a-2)-
(d-2) in a linear scale.

. 3 AFM images observed for Fey,Sig films deposited on
MgO(lOO) substrates at (a) RT, (b) 200 °C, (c) 400 °C, and (d)
600 °C
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Fig. 1: The magnetic properties of Fe-5wt%Si and Fe-6wt%Si ring samples
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1) T. Todaka, M. Szpryngacz, M. Enokizono, International Journal of Applied Electromagnetics and Mechanics,
10S-press, Vol.19, No.1-4, pp.149-152, 2004.
2) T. Todaka, Journal of JSAEM, vol. 12, No. 3, pp. 169-174, 2004.
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Micromagnetics simulation of random magnetic anisotropy in magnetic nanocrystals
S.-J. Lee, N. Inami*, T. Ishikawa*, K. Iwano*, C. Mitsumata**, K. Ono*, H. Yanagihara, E. Kita
(University of Tsukuba, *KEK, *NIMS)
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OB/ NEL RBEAN A SN, S5 N % 128 £ THEHLL T
FHE LT RBEE DHSEWBIFRICHE W 6 AN ITIE S0 e o 72,
ZFITYVINVAE BT ATHW R R EER E, ~D ™
(8§ =0)ITBWT 6 DIEZIEIE L TEREE A D6 FANZHE 5 56 ORL1-[H
HEERZERT 22L& L,

Ialb—YarvFREER

3 D OSEFIRTGR OREHER F% N XN XN O SICEE L. £ R+

\ZIX T & b Tp— i S T & R ISR ME AR AR 2 5- 2

LMD LLG FRERIC L bl o v 2 2 v—va v &{Theo 72, &
BNV A A(N)Z 16,32,64,128 ITRTE L A—/S—a L B a—H —
(SR16000/M1)% FAV 7=,

dm, L= or _. I

—r=y [ By J= = i x [ x H oy 1)
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S.-J. Lee, et al., J. Magn. Magn. Mater. 323 (2011) 28.

S.-J. Lee, et al., J. Kor. Phys. Soc. 63 (2013) 768-772
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Improvement of thermal stability of CoFeSiB thin films
T.Shimizu,Y.Fujiwara,M.Jimbo
(Daido Univ., Mie Univ. )
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3 s CoFeSiBeTa i ) N.Kobayashi et al. : J.Magn.
5 1 b r 1 Magn.Mater.,30,188(1998)

g 20 .

[ [ | r ]

0.1 l.l.l..l..A.A...A..} 0 Lol
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Anncaling temp. (°C) Anncaling temp.  (°C)
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Magnetic properties of thick amorphous alloy sheets
T. Sato
(SACO Limited Liability Company)
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Structural and magnetic property changes of core-shell structured CoPt-CoFe,0, particle during heat
treatment under reducing atmosphere
Cuya Jhon, Miyamura Hiroshi, Balachandran Jeyadevan, Ishio Shunji*
(The University of Shiga Prefecture, Akita University*)

1. Introduction
Energy product (BH)max, which is a function of saturation magnetization(Ms) and magnetic anisotropy of the material,
is the decisive factor in the development of strong magnets. Though record energy product has been obtained by the
invention of Nd,Fey4B, the use of rare-earth elements such as Nd has prompted the researchers to look for (a) new
compounds composed of earth abundant materials with high magnetization and high anisotropy on one hand and (b)
exchange-coupling between hard-magnetic compound and a soft phase with high Ms. We attempted the preparation of
exchange-coupled magnet through the formation of CoPt(core)-FeCo(shell) using solution technique and subsequent
heat treatment. Here, the synthesis of core-shell structured CoPt-CoFe,0, particle and structural and magnetic property
changes during heat treatment under reducing atmosphere are reported.
2. Experimental

CoPt nanoparticles with varying composition and size ranging between few nm to few tens of nm were synthesized by
heating in an alcoholic solution containing cobalt acetate, dihydrogen hexachloroplatinate and surface protecting agent,
oleylamine. Then, these particles were introduced into a mixture of oleylamine and oleic acid, containing cobalt and
iron acetylacetonate. Finally, the suspension was heated to temperatures above 250 °C to obtain the CoFe,0,-coated
CoPt particles. The core-shell structured CoPt-CoFe,O, particles were heat treated under reducing atmosphere to obtain
a soft-hard magnetic composite. Morphological, structural and magnetic properties of the products obtained at various
heat treatment temperatures were analysed using TEM, XRD and VSM, respectively.
3. Results and Discussion

J 600 °C

A typical result obtained from the morphological analysis of the PN
samples synthesized using the above technique is shown in Fig. - § \ & 4007
1(a). The presence of the CoPt core surrounded by the cobalt g %«/v}({“_

a. As-Prepared
& 0

|m1y ) 111nl|

] o]

ferrite shell was confirmed from the observation under TEM and
EDS mapping. Though the heat treatment under hydrogen
atmosphere was carried out to reduce the CoFe,O, shell and to
obtain high Ms and magnetically soft FeCo alloy shell, the
presence of FeCo was not determined at none of the
heat-treatment temperatures. In contrast, CoFe,O, crystals grew
with higher heat treatment temperatures. Then, at 600 °C
underwent reduction and diffused into the CoPt core. This
transition was clearly observed in the XRD profiles (Fig. 1(b)) w |

and in the transmission micrograph (Fig. 1(c)). On the other hand, Of,t,%)oFEEg)\f kf;“%%%"%;ﬁ&%?’i}%elihitrﬁiﬁﬁﬁeﬁ
the coercivity of the particles exhibited a maximum of 1.1 kOe, ?Ce)lat-rtlriii(t)eg%aph O&%tthe ptii(ffﬁggltanneatﬁrdrlp&raggggcsz
when shell was partially reduced. The details of the structural —(d) magnetic loop of the product annealed at 500°C.

transformation process and the magnetic properties obtained thereof will be discussed.
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Magnetic-dielectric effects of FeCo-MgF insulating nanogranular films

N. Kobayashi, T. Iwasa, K. Ishida, H. Masumoto*, S. Takahashi**, and S. Maekawa***
(DENJIKEN, *FRIS, Tohoku Univ., **IMR, Tohoku Univ.,***ASRC, JAEA)
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T ENHRREIND, ABFETIE., b Li~ R NI w7 RE2H/TH5F 7 77 =27 —HEFEE L
T FeCo-MgF RIZHEH L, Z O ERMER LUK -AEDRIZOWVTRTL, TORIA T =X A
WZOWTHmBE AT 7.

EBRAE

HEEUEHT, @A ANy FEEICLY, ZUoTAECE o TER L. #—% > ME FeCo &
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Tunneling magnetoresistance effect of Co,Fe(AlSi)-MgF, guranular films
M. Shinoda, Y. Fujiwara, K. Maeda, T. Kato", M. Hattori , M. Jimbo™ ", T. Kobayashi
(Mie Univ., 'Nagoya Univ., **Daido Univ.)

ECHIZ
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Magnetic properties of carbon nano-particles synthesized by discharge in ethanol
T. Inamori, Y. Fujiwara, J. Murakami, T. Tanaka, S. Takase, K. Maeda, M. Jimbo’, Y. Aoki, K. Kobayashi
(Mie Univ., ‘Daido Univ.)
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BETHD, KEQLHIZEY, BKFHECERRNLTND Z 06, KEOFENT T 7 = ORKFE
WCEBEEZ TWAH I Ebnd,

Fig.2 I[JIKAEIE CTER LT — R R DR ETd D, KRFBLIFNIKNEZ R L TWDH D, AL
HRICETOEBMEZRLTERY, KFLHIZ L0 EKEHEICE A ENT Z LD, £72, TGAXRD
WD, KBABEZIZ D — R AR O mENRm E L TWaD Z ERbho T3, Asano b idfEmmMEOKN
T T — R PR EBEE AR U, RO BB O RICORN S LA L TR Y Y, KFELE
2 K DREmtEOm RS RO B — R R DR A R S o TERR D 1 D Th D EEZX bILD,

L Z DTN

1) N.Ohtaet.a.: J. Magn. Soc. Jpn. 34 (2010) 573.
2) H.Asano etal. : J. Phys.: Cond. Matter. 22 (2010) 334209.
3) Y. Wang et.al.: Nano Lett. 9 (2009) 220.
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Fig.1 Magnetic hysteresis loops of Fig.2 Magnetic hysteresis loops of carbon
graphene powder. nano-particles.
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(LI TFIEIC L VAR LT Fe - 2 hi+DAERGERE., ARKAE &
fafnre . O FERE

REANIIE- 7
CRAEKRBE L)
Correlation between growth dynamics, phase and saturation magnetization of Fe nanoparticles synthesized
by chemical route
°T. Ogawa
(Eng. Tohoku Univ.)
[XLHIZ
B2 T A ZHMBI OO E D& LT, mfafifba A7 DT /2R OEA RO - BIFE K
AATDIN TV D, il 21X, ALFRICA R SN Fe - 7 b Fldmfafiéfb 2 G L TR, TORY ~v—L D
AP EHIRL 78 CE) < 5RO IR 7-FH BLAE ARG (BkOe DL EB) &R & U 7= @ B BEEY T /N4 A s E L
THEAESINTEY, Fx DWFEI NV—T THRAMITIEZITT > TE e, ZhETOFHL OWIENL . G
L7z Fe 7/ KL O EIFIREAVITIR O SUS R 5 D B SR I IR ITHUR T H 0 | FrlZ, Fm A O 15E )8
HETHHZ LA RH L TE, AU TIE, Fx ORmIEHESZHWTERK LT Fe 7 2 RiI220 T,
Fe JFA Bt OB B DM R 2 A2 2 7273 B, fafnigfbds L O s & ORREZ#Eam T 5.
KRAE
Fe 7/ BifRiE~DOWH « {LFWAE S OFREE & U CHRENEMER O 5y 1181 & RO U 7o iRtk - 32 9Bk
N7 A (HLB) fEZ MV, FEeigsR < Wog 4 2 FmiErEAl & LTAH LA 47 2> (OlAm; HLB=93), 53
AT HREFEMEAIE LT HRUR YT 2 2 (TBeAm; HLB=2.3), b U427 F /L7 2> (TOcAm; HLB =
1.3) ZIR L7z, 245 OFUEmIEMEA 2 & A TSR BT T Fe(CO)s B0+ 5 Z LIk » T Fe 7 /R F 245
7o BTz Fe F / Ri12%f L X AREIHT(XRD). X A IS & R AT (XAFS)., 2518 7Y 5 1 BN B B 23(TEM),
B L DRl 21T > 72, £o, 77— U 2 BRI (FT-IR) A~ b /b HI T Fe(CO)s DEV T fifita e
Z Rl L7z,
KRR
TBeAm}s X O'TOcAm#% W 7555 BaFAb I3 K C200emu/gfefECTH U . /L7 fi5(220emu/g) | Z VT
HREE 725 TND Z EWyinotz, F£io, OlAm%zE HW 72854 CTliX160emu/g & 20%F2 /N XV, XRDIS LY
XAFSOFERMN G | BRI K Z W Fed /K1l L 7 Fe & [RIER Obeck 2 1= J& HI TR AL L T2 DIk
L. fafg brs/ s S WFed /R F CTlIAE MR LA, 220, HEMOMETH L Z & mnoiz, ik
DFERNG | faFnRi L & A5 fmFE & OMICHEBERH Y . ZHVUTFeli1 M T < LW B/ERICERT 2 b o &
Ezonbd, —J, KUIRTFTIROFEEN S, Fe(CO)sD o fiR
IR AR K A7 L. TBeAm<°TOcAm TiIFe(CO)sDEy

1 —e— OlAm E
fRDIESCIN T D Z LD, LEDORERNG | B0 ‘ L Toeam
\A —&— Mixed surfactant

Fe(CO)s DES i 1EFe T / b+ Al fEe ) e Fe R+ D kA
20720 | FERE LT, BESADbecHHDIER AR L, AdFnfs
fbDORKEFeF JRi+L7b 2 ERHEEREND,

\ (TBeAm:TOcAm = 1:1) |
F Y -

i \&

F&(CO)s amount In reaction solution (%)

AAFIE D —ERIE B AR B R 2R e B i B 4 T 7E(B) 20 .
23360132 . ¥ TFHZE (A) 2670901812 L » CIAES N T B, e T
$%xm 0 2 4 6 8 10
=—==0 Reaction time (10°
1) M. Kamata er. al., IEEE Trans. Magn. 48, No.11, 3944 (2012). _ enfmetioisea
Fig.1 Fe(CO)s amount vs. reaction
2) H. Kura et. al., J. Phys. Chem. C 114, 5835 (2010). time for synthesis of Fe NPs using
3) T. Ogawa et. al., J. Magn. 16(3), 308 (2011). various kinds of surfactant.
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IKFEH APRIREVLEEC X 5 Fe 7/ ki O fafnii .ok

AR, AR, ERRER, MR, RAJIE, NI
((BR) 7oy —, *HAL KRB T)

Improvement of saturation magnetization of Fe nanoparticles

2pE-6

by low-temperature post-annealing in a hydrogen atmosphere
M. Kin, H. Kura, M. Tanaka, Y. Hayashi, J. Hasegawa, T. Ogawa*
(DENSO CORPORATION, *Eng. Tohoku Univ.)
[FLHIC
Fe 7/ K- IXfOBENE T 2 R+ & e _m Wi b2 B9 5720, BRI MFIE 720 T2 < B e s B
72 E~OISIZ BT T2 ZE S B AT DI TV D, Fe F / KiFDERRIED—>E LT, Fe(CO)s DEN ik
NN TWD, ZTDSEEZLER L2 Fe(CO)s & A LA NT 2 v & Kt & B 7= BiBRA(BUGHTBRA) 2 200 fif <
2 HEL. FeF R0k % 10 nm LA FO#PHCHIFET 5 Z LicERLTWD Y, L LAanb, KGHT
BRAKR DB il T S 4072 Fe F /7 Bi1-(6.5 nm) D FEFIRE LIT 300 K C 155 emu/g, TH Y . 7L 7 D o-Fe D
ED TI% I E-> TS D, ZOBKIIE ST RiF O RREED a-Fe ICHERTEATNS Z L7128 E
Z BN TS, ABFFETIE Fe F / ki DELEFEM LM L& 7 LS 5720, KBRS TEWLHEY
Z e ERAT,
EBRAE
Fe(CO)s & A LA NT X % OGS ETRiBMA Z S CRVMiES 5 Z L Ic ko TFe F /B F 2GR LT
BEtE . TR A T LK ARG TR L7z, B L 72T R 2 U E 8~ 107 Torr)iC K W ByoRiIR & L
Too ZO%, KFEHAAHFIZTIBNT 200 °C T 4 BBV 21T > 7o, XMREIPTEEE(XRD) | FHild L E 1 BEsE
(TEM), REHEENRIRS FHVSM)Z T, Fe 7/ ki Dfk i, Kigt, BBl 2 5540 L 7=,
EERHER
ARRE & KFEH APELLELE D Fe 7 / Kif- 0 XRD OfE % Fig.1 (27”7, SRERZIX o-Fe O — 7 (i &
(AR TE AR BIPTHRR D HERS S, A TDIAND L ICEATWND Z ERbND, —J, KEHTAHEUL
P a-Fe O B — 7 (& & AFIEFR UAZE IS EHTRR O ERR S o, A RKIE G I K OVKHE T A P EULIRT: O Fe
T R ORFEAL DR E S, Fig2 [T RKUBIE AR 6 Z 14 86 emu/g,y, 188 emu/g, T - 72,
IKSE T A R EGLER % | Z f i b s K & < 1A b L7 JRIRNE, Fe 7/ K7 O i A a-Fe (SIS oz 72 &
BEx bbb, iz, GRRER L KT APEILELE O TEM B XY | Fe 7/ K7 OFEPRIARN 6.5nm TH Y |
BVLIRR% TF R ORIBRICELN N2 E RN bo Tz, ZIUTRETEERIDSBEE - 0 Lis\\Chi 1%
FICEAL L TS Te b EZ BILD, LA EDORERED | ARIROKEN A TR Z{TH Z & T, 10nm LA T
D EEAFAL D Fe 7 /2 R+ 2155 Z LN T&E I,

L 2D ;N

1) T. Ogawa et. al., J. Magn. Soc. Jpn., 36, 202 (2012) 2) M. Kamata et. al., J. Magn. Soc. Jpn., 36, 309 (2012)
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Fig.1 XRD patterns of Fe nanoparticles

Fig.2 M-H curves of Fe nanoparticles
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BRI L0 B SN D ESAEEE OB\ 72

a-Fe / MgO 7/ Bi -4 &R D /EHY

AIIBCZ . Ve kAR
(BEEZRARE)
Preparation of a-Fe / MgO Nanoparticle Assembly for Observation of Magnetic Phase Transition
induced by Electric Field
A .Ishiyama, T.Sato
(Keio Univ.)

[FLHIC

SRENE T ORI DEASRITEERE, A—/N— A 7T AR, BEREAE & W o T L 2 IR e W R
DWRFRF 27T, 2D OMKEFIET /b1 B OBERORISR-HH BAE A =RV ¥ —E,, & T /7 K1 OK
BT RNVX —E, D Eyyy | E,ZTRF/NT A—2 L LTHEBAEZ 3B 2 61 TW5H[1], AW TIE
BRERNTF RFDE,Z#EFH L. BEBESA—/ "= A 7T AR, 2——2 7T AR
PO BmMEMER OMSMIES 2L 242 L DO TE 5 a-Fe/MgO F / ki D Efl % A 59,

EERAE

a-Fe /MgO 7+ biFOVERZ LN O 51ETHIR L7 (Scheme.1), £9X ¥/L—7 )LHIT Fe(CO)s DER
O3B % DT a-Fe 7/ R Z BRI L 72, Z ZIZ Mg(OH), 0SB4 7 Fro—T v Z/b 8Nz, Ik
LV AT FANE—TFT L ERESEDL LD THREMY KT = & Ta-FeF /R 112 Mg(OH), Z # Hi & 4,
o-Fe / Mg(OH), 7/ ki F & ERL L 7=, T D%~ v 7 )L T a-Fe/ Mg(OH), 7~/ K% B4 5 Z L T
Mg(OH), D Ri/K & &R L a-Fe/ MgO F / KiDOfEfl A Hig L 7=,

Supersaturation pg

of Mg(OH),

Scheme.1 Synthesis of a-Fe / MgO nanoparticles .

fER
Fig.1 [CEVLER R OFBO X #RIEIHT OFE R %

R, BULERT OB CIE oFe O E— 7 VIS 2 " 2z 30 35

. BVLERH O CIE Fes0, 0 B — 7 MBI S § § 3 57

Nz, KEPTE0CTHMIEE LTH y-Fe,0; & _ 2 23
— | as-synthesized — | 600°C

DY =7 PBINS 2ol Z L, T /R0

20 30 40 50 60 70 80 20 30 40 50 60 70 80

HIGIC MO BIFAE L, RRALHS 1RO BRI % et 20(°) 26(°)
LTWAHZEERRLTND, Akidalk 4 Hmse

FCEMLEE 35 Z & T a-Fe ® Fe;0, ~Dlig{t % Fig.1 XRD profiles of the nanoparticles

[Sjj_ ‘é\;\ o-Fe / MgO 7+ KT %ﬁi@?‘ Do S TIX (black : before calcinated, red : after calcinated).
TR L7z o-Fe / MgO 7~/ KA HEARDFEIZ DWW T OMERR 21772 96

B 3R

[1] K. Hiroi, et al., J. Phys. : Condens. Matter 26, 176001 (2014).
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Wt BT /R am%Eh—R T ) Fa—7 O CaH, & FH -
IR )"

IWAREE ' U=« A L7 2 EAREE | MREETE 2. @Bk L L 2
(HRWE-MIRFE A > AT SR, P RKRBEL, PRI R)
CaH,-assisted low temperature synthesis of metallic magnetic nanoparticle-loaded multiwalled carbon tubes
S. Yamamoto', L. Seinberg®, M. Tsujimoto', Y. Kobayashi’, M. Takano'~, H. Kageyama®
('iCeMS, Kyoto Univ., “Eng. Kyoto Univ. *Okayama Univ.)

[ZL®HIC

H—ARF ) Fa—T7(CCNT)iX, TOENT-HEL - (LFEIHEIC LY, RERFEAZEDTWD, ZhE
TICER A R B FENRRBE SN TEY . TR THLEEESBIEZ NEMET AFREK T TGRS 5 Z &Ik
D CNT %152 FEEIRENL, T OME SHICKEAFEICE L-TETH D, BNRETHELND CNT
WTEBT /R TE2EATEY ., CNT BEXOERET /R HICHEET 2220 LA b BRI Ty
%Y, L., ONT Apofiliit & U< @)/ B 2T T 5 BRI E L /e 2 H BN+ D& TTHE
NZ LW, —#%IZ 800°CLL EDEWISIRENMETH W 2, HEHIES N L 72 2 RN B - 72, AW
ZeCIE, FERBOSICRB T D5 78 TTA & U CHER STV A KEED VT 7 A(CaH,) 2RI 5 Z LI
X0, ONT AEREE DK T 2R AR V%2 s+ 5,

EERAE
RIEVEA AFFR T, CaHy & AT 7 U VR = v 7 L A1)(F
TFXATT U CERSN) Z EEL 1.2 TRA - M Ly 7 AH
T AEIZEL AL, 400, 450 35 1O 500°C CHTE REHBVLEL 217
ST, D%, FISEIAEMRY TH 25 CaO LK IGD CaH, %
WebrETDHZEIZED, = T (ETITE)T R0 R—
TINTEE I —AR T ) Fa—T (MWCNT) & 1537,

BRRUER

Fig. 1 |\Z, AT 7 U VE= v 7 )L(1) % 400, 450 35 L TV 500°C
T24 BFHEMLELT 5 Z L2 K 0 15 bz ik oA 5 151
WE(TEME 2717, WTNOEREICE N Tb =y 7 ) kL
TN R—7 &= MWCNT ORI S CHR Y, CaH, D
I LV ONT AERREDERDOLBREICE TR T LEZ
ERDND, YHIZATT U RS A BN E 955 & R
T = T W(ETIETE) T /K08 R—7 S 472 MWCNT O

YEHIE -« BESEEICOWTHET AT ETH S, Fig.1 TEM images of the samples prepared with
nickel(IT) stearate at 500, 450 and 400 °C for 24 h.

L 2D ;N

1) A. Masotti and A. Caporali, Int. J. Mol. Sci., 2013, 14, 24619.
2) F.Gengetal.,J Mater. Chem., 2005, 15, 844.

3) S. Yamamoto ef al., Chem. Mater., 2011, 23, 1564.

4) L. Seinberg et al., Chem. Commun., 2012, 48, 8237

5) K. Kohara et al., Chem. Commun., 2013, 49, 2563.

6) L. Seinberg et al., Chem. Commun., 2014, 50, 6866.
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BEHE 7Y —x v b PVDIZ X% Fe DRI & #he <4

LB, [ —H*, PRRE R
(zﬁik,fl%hk)
Formation and soft-magnetic properties of thick Fe film deposited by Supersonic Free-Jet PVD
A.Yumoto, I.Takano, N.Niwa
(Shibaura Inst. of Tech., *Kogakuin Univ.)

[TLC&HIZ

BEHE7 Y —Y = v b PVD &, RIEMET AFRHKH CRIEE 72 5 FR A MG S5 Z LI L0 AR
N5 nm VoA XK1 (F/R1) %, BEEROTAFIZL VIGE, ER B 22885 2 é: e
K VEEERS T8 LWRBIC L AERENTCH D, ZNETOMEMRREICLY, /ORI
TR S A AREO R 7 iz 2L, 77, mw%ﬁﬁffﬁrﬁ+wnui@ﬁaﬁrﬁ%ﬁm
SHEDLZLENARETH D Z EDBEEICH LM E /a0 TW D, BREBEMEAT BN, FEdbkize T/ A — 4 F Tk L
TV L, BN A RCHBI L TR T2 RN mbN TS, AiF%EE, BEE7)—V =
v N PVDIZ LV F / ffh Fe FEMRRBEMERS 2 Al U, AR 23 RAZ T RER FRIE~ DB 2 R T35 2 &
ZHIET .

EER 5 ik
BEEIY)—Y v kPVD (Supersonic Free-Jet PVD: SFJ-PVD)
SFI-PVD 2LE DRI 2 Fig.1 (284, ARZEEIL, T/ KiFERE e punps<
(Fig.1 TOF v N) EFEJERRE (Figl LOF v ), ROEZEH o
KA THERINTWD, TR ARKE & ERRCE TS I L 0
AEINTEY, WEE ORI EE , VBN T oiTind
HIPRRICL VBT ¥ o ABWEL, 7R AEREICREES 2 o
(RWFZETlI He 2 H) 238 AT 5 LT v /3 OEEIZ X0 ARk ‘
S BB ER~OH AR RAT 5. RS ARG L Lz ooee
TR T, AR INEAZRSE S 758 Lo M BHE -SRI M A raferpipe
AL OWIAC LD HE - BHEL S/ RF L5, AR ST el
JRLFE, AP L0 PR E A 0 AR ik, EEE s AL
(2 &0 H AW~ v N 42 OFBEERT AFRISES 41, H AW & dkiop  Figl Schematic diagram  of
WS T BT R B ICHERE, AT S E 5. SFJ-PVD apparatus.
KRERGH
FARIZIE, 65X 1.0mm)D A1050 7V =7 A& HV, BEREHZIIMEE (4N) AR L7z, BEE O
WZIE T — 7 InEE FVVE T 0.6kW, FESITEENNZELE L, HEHE /) AV OIRAERIC L B EEHE~D %
idt L7-. ElE L 7= Fe 1%, SEM, TEM, XRD, b v — Al S#ER, VSM 2 XV iz 1T-7-.

EERTER

JEEWT IR O SEM G EL & Fig.2 |28, Fig.2 12 & 0 s R OJERROR m I &
272 PORMIIBIE ST, BB Fe [ERNER SN TV D Z & 23R
iz, F7z, TEM BB L O X BREHTHERI D, Fe OSSR ~
20nm FEFE DO o TR SN TV D Z &, BElRMEOBNZiERETH
52 ENMER SN, U EORERIE, AFZE TR LIZ2f&thics T
FUAERTHoT7. BB RO v I — A S1E, RIEICHWS 2 A v
DOIARIZ I Y F72 0, He 2% 32.6A/m~132 A/m, Hv 7% 937~1190 T

7.

coil heater

Fig.2 Cross-sectional SEM image of
Fe film on A1050 substrate.
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Pr-Fe-B A& HF A RO T & BiEE

Magnetic properties and structure of isotropic Pr-Fe-B film magnets prepared by PLD method

Oshima Shuichi*, Takeshi Yanai, Masaki Nakano, Hirotoshi Fukunaga (Nagasaki University)

2pE - 10
PLD BIC L D ERIL 7= P
KE E—* P K&
X LHIZ

— 2 EDOBE A O/PNYEITHE,

WfrSnTnd, TCICHA T, #0010 um B D%
FRIE D LR & 72 b 2 EBR L=V b 0o,
OFER L ENPIFESND, ARFFETIE, SIEOAIFRELAE(1.56 T)2Y Nd,Fe 4B FHD1E(1.61 T)iZ

O)O), NszCMB E}ﬁﬁﬁz‘@*ﬁi D %b‘ﬁaaﬁﬁﬂ,\ﬁ‘@/&ﬁ%ﬁj‘é PI'2FC]4B E}ﬁﬁﬁ%‘@*ﬁ \—%E L/\

WCHAWS LB K ARA OETL, B ELOFEOBKEHEDR BN
JitENd-Fe-B R/ a v Ry FRBEAFEA/ERL, 10T

BLIR T 300 kA/m P2 O PRl /) 2 N S AU, e

_EBH Y
%= J5 M Pr-Fe-B

RIS A 2 ER L, 2 OBEKEE e D ONTIRRSEIZ OV TR - B L7ofER 2 AT 2,

KB 1

iYL & L C PLD (Pulsed Laser Deposition)i£ 4 V72, #J 6.5 rpm CHIEE S ¥ 72 PryFesB (x=2.0~2.4) &4

Z—7 v MZ

JENEIPEREZ 10 mm & L, L—H— XU —2 W, BIFEEEF 60 min —E D&M FIT
ThHDI, BAHERFE 1.8 s F2 L OMELRF VLR % i U 72 1%,
BRFIINEES 2.5 T Db & VSM TREKFHEZ T L 72, #HAkix SEM-EDX T Pr &
(21 TEM % V7=,

B (R U 7o, pBEIE AR (3R E

7T DIV ABREEATUN,

Fe O&HRANE Uiz, BRI OB

EBRAER
Fig.1 |

fR%& "9, PraAmAITHE,

IR L 72 3BN O Pri& A&7 b NS
PRERACIR T L,

PrygFe B # —7%7 v M & HWTERECIX, A THEEAEN9
at. % FE E CEREE 13K 350 kKA/m DA%

SO B

R, ED—HT,

Pr2'2F614B, Pr2,4Fel4B & P‘br P4 ]\ %)EHI/ \fzgit*il'@yfﬁpﬁﬁ'ft{ﬁ

1.0 T F27E Ll pg i\ Ml &

L OERIL,
DARN5 71 %2 WAL L 7= Pr-Fe-B 3

WD TETH S,

P Z BN

(1) ARHET B
MAG-12-072(2012)

N RS
W 103G 65, Fig. 2 1IR3 89
1.0 T PR DFRRRRL 22 & NS
Rkl (Pr & A &
BESR O Nd-Fe-B 27/ Ry MEaAMEOD U =2 )L
RN E DA, LOENREEERT D L AR S NT,
AREERGEFR TIE TEM (T K DI IEBIZR OFE R b & 0 Tik

12, 400 kA/m LI EOfR
\Z, Pry,Fe B X —747 v b
400 kA/m %8 2
11.8 at.%) &

L EBRFE~ T RT 4 T AR E,

. W 3550m O Nd:YAG L —V & RE L, EFERA Z2iE L7z, BEREICIZ, #—47 v b—Ta
BT,

10 pm JELL E Ok
IS5

Remanence [T]

| ® , O PryFe,B
A N A PrzleeMB
| N O PI'ZAFCI,‘B
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Fig.1 Magnetic properties of Pr-Fe-B samples
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Fig.2 Recoil rates of Pr-Fe-B and Nd-Fe-B samples
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BERE S HTIE A FHVNT= RE A % 2 U o 7 FePt Bé A LD

DY S VA

SRR

N

7 A= LIRGE O 8 NRIFRBBAGR O

RS

(PERSAHIF)

Extraction of Thinking Process in Gross Relationship Between Deposition Conditions and Film Quality

of FePt Magnet Film by RF Sputtering Using Analytic Hierarchy Process
Shingo HIROSE, Yukitoshi EZUKA
(AIST)

XL &I

UTHE, BARERER O il oA g DGR &
2720 5o H D, KRETIL, RF AN X 7%
H & RS R XA —4 L OB OBZRZSHT LT, BEotr

AND BFFBICHER, K LT < 2 &SRB R
WG B O TR & i B RIC B 2 528 H

% (Analytic Hierarchy Process: AHP) V% VN % = & THfEAL -

DOHEFFB L OWKIZRIHTE 5 Z L 2T 5,

EEBHE BRELUER

IO L0 b T 7 U RHERE O BEE o HE
ot A, BREBRSCHERIC ISV C B SN
TV . BANRLDOTH-> TERIE Sz WV,
ZITE, EE R E N EMARER A B & LT,
=hE z»‘_«u%%f (2B % R (Bl &) & LT,
MR, THEAR), THERESE ), TRME) LT, =3
HELT, BlEART 2A—% ((REBR) % [Fr N
—WED], TRF ), THERIREE), T2 —57 > b -
HAREIEREE ), TXT7 7 —Jg . AR A FEULEL) & L
T=JED AHP Mt 2 E L7e (K1),

AHP 5 Cld, 50 UOHE L-ERY ML

EFHWTKEAZLIZ, EH6NRENTHWEEN

—XtEE U CATA] (N Z R) BT A, El
“BEHTHELN Xt~ Y 7 ADEART by
%z—/\Lv U7 REZL - TRDDZ & TAHP 4

BHic LD B sRE D,
l2 IR LT=DIE, FePtE RF A %y Z U w7280

T20$@ﬁ5ﬁ%ﬁﬁ“éi//%70)ﬁ%f%é
ZOFERMNS | BAREOEMELDTZ DI, KT
A—=HELTIF v R—NES] %% B CR#ET
5D Embnolo, BEEVEIZHHE TERWIGEITIRWT
[RE /ST —| 208 L, THERIEE 2 =FHICEES
HTEMHOENE ol ZOHWIX, W EICRERIC
BONZICERBRICESHNTRBY BE T n k22K
MMETELZenbhote, 2E, FH TIL, BlDOXI45:
FAOWM & DBIRGEEEZ B TELEEIT O,

BERGRERNPERY | BEEEE OB/ v

LT D 2 & T, AIEER ORBRE XS

Ovlecte Evaluated
High Quality Permanent Film by RF Sputtering Values
(High Hc, high (BH)max, etc.) after
‘ deposition

Criteria ‘ | ‘ ‘ ‘//

Film
Structure

Alternatives ‘

Chamber
Pressure

Thickness Composition Defect

Sputtering
‘ Parameters

Substrate

Target-Sub.
Temperature

Distance

Buffer
Layer

RF Power Post Anneal

X1 & He -+ @ BHmax % B & 9% FePt D RF A
Xy B2 T RIRGA & E B R E T B R T & DK
R Z R L7z AHP fEtET T L

Consultant
0.3
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FTS BT 2 BT RRE O in-situ Jis 718152
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In-situ stress observation at the initial stage of film growth in FTS method
Hisanori Hayashibara, Masanari Nakagome, Yota Takamura, and Shigeki Nakagawa
(Dept. of Physical Electronics, Tokyo Institute of Technology)
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Study on fabrication of composite film composed of FeCo nanoparticles and FePt electroplated film
Y. Hayashi, H. Yokoi, S. Hashi, H. Kura", T. Yanai, T. Ogawa’, K. Ishiyama, M. Nakano ™, H. Fukunaga
(RIEC, Tohoku Univ., *Eng., Tohoku Univ., ~Nagasaki Univ.)
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