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Kronmiiller formula and Landau theory -expression for coercivity using free energy landscape (1) -
C. Mitsumata, and M. Kotsugi
(Tokyo Univ. of Science)
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Temperature dependence of coercivity and entropy -expression for coercivity using free energy landscape (2) -
C. Mitsumata, and M. Kotsugi
(Tokyo Univ. of Science)
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Magnetic structure analysis of magnetic phase with antiferro component appearing in Ba(Fe.Sc.)12019
S. Tanaka', K. Maruyama', R. Kiyanagi’, A. Nakao®, K. Moriyama®, Y. Ishikawa®, S. Utsumi'
(Suwa Univ. of Sci!, J-PARC Center, JAEAZ, CROSS?)
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Control of Co distribution by heat treatment in La-Co co-substituted M-type Sr ferrite
S. Arimoto, T. Waki, Y. Tabata, H. Nakamura
(Kyoto University)
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Single crystal growth of Co substituted W-type ferrite by high oxygen pressure floating zone method
S. Nakai, T. Waki, Y. Tabata, H. Nakamura
(Kyoto Univ.)
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FZ B X DA B RO R, Fig. | ORRZRFEMAE O, * by FZ method in high oxygen
TREBRIC LD, c mBR LNz, —H T, fmo—iaEmERl pressure
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MELTAERNL 72T F MBIZ7 =254 8 XHT7 =274
MR STz, E- EDX LK bmFE~ v S (Fig. 2) T
1%, Co A BV &b D ANHMHR 3 INFEPHIZ MR T & 72,
WDX (T X DA OFER. W AR ORI E I A L T
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Fig. 2 Element mapping of Co. The
bright area is Co spinel ferrite, and

the rest area is W-type ferrite
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Improvement of coercivity for Sm(Fe-Co),,-B thin films by Al layer diffusion
Y. Mori, M. Kambayshi, S. Hatanaka, S. Nakatsuka, K. Hirayama, M. Doi and T. Shima
(Tohoku Gakuin Univ.)
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Y5 uoHa = 12 T, F = U —{iJE Tc = 586 °C Z /" T 2 DR HE SN TWD Y, Fx i Sm(FeosCooo)in
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TR STz, ZO X DI, RFHE~DIERME LT OILHUTRE 1M EIZATH D | KL FE~TFELR
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mTorr D Ar FZPHE 2TV T HIE %2 20 nm, B8 & LT Sm(Fe-Co)15-B % 100 nm A fEE L 7=,
fot N CHAMURE 450 °C IZFB W T HEHEHR & LT ALE % 14= 0 ~ 100 nm AL L 7244 T, = 350 ~ 500
°C OEFLIRIRE T ,= 0 ~ 300 min OELE AT\, & ICEREPIEE E LTV E% 10 nm B L
7o VERLL 72500 il S 13 X BRIET(XRD)C X 0 | BEKAFME 3B s B+ T 3H(SQUID)
Ze DT L 72,
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ERWRBE NS DT, VTl BT BT ALK 18 nm BRE L 7230k 2 450 °C TEMLEET 5 =
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Fabrication of epitaxially grown Sm(FesoC020)12 particulate films
K. Nabeta!, R. Haga?, N. Kikuchi?, Y. K. Takahashi'?, and S. Okamoto*?®
(*IMRAM, Tohoku Univ., 2NIMS, *CSIS, Tohoku Univ.)
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ThMn, A% IS 2 & > SmFer, B A 13 BUE R s PERE D NdoFewB kA 288 2 2 S fiiiib, & =
U—IRENOHEKARA E LTHRSA T2 Y, 10T 2BA 2R MG A Lo itk
TDZ% < OHFEIC b BID b FRESNTEC DO 1V ERREDIEICHE £ > T\ D, Fox IXEHAEAY 72 A7 kL
Tk A B LT Sm(FesoCozo)ir T B 4 3 3 v L 2 R U CHsoh st R U | PR /)38 81
IZOWTHET L7z, ZAVETO SmRep R E X ¥ v LT V FHIBAZH STV 58 D]
THUE R TO o -Fe Aritie EXHE SN TEY | V T HIBSMEELI 3 0 2 foki - ERIC IR
WTH D, AW TIHEW THIIROFIM & PREERE e b ONTHRL TR ORI DU TE A~ TR
EWET D,

EBRAE

HEEERII~ T R b ARy 2 Y TR L DITo 72, Sm(FegCox)1 T B X % o v )Lk R ld
MgO(100) Euhi 4 VN, HEBaiRE 1% 530 °C L L. Sm & FesoCom DIFIIEA /S v # 12 L W iT -7, T
[ 18RS (AFM) 12 L 2 R mBlg2, HimAE I (TEM) 12 X A kAR 22 . X #R BT (XRD)
2 K DREEMAT, =R VX — B Sy ek (EDS) (2 K AT, IRENGUEVRIRS 115 (VSM) | B &
AR—/VEh G (AHE) 12 L D EAFHEORIE Z1T > 12,

SEERIER

Fig.1(@)IZ W FHIJE D EiZpkE S ¥72 Sm(FesoCoz0)12 & B X
F 3 v VR O Wi TEM B 47~ FHURE O BifaT
2RV VRENEBR SN TEY V THRCTHETH 72 o “« 2
‘Fe FrHOIHNCKEI LIz Z 80D, —FH. W R Rm v | W

\'%

Sm(FesCoz0)12

ICBWTTEAT 7 AROEBEOREAHR SN, i e T -

W 2y X OBEORBET VT i OB gL X—hiFOREe .
CEBLOLMEL, XY EERORBEIEERA L, < L D0 L e eesyional TEV
DINOMEHE RRET L7 AE R, Fig 1IR3 L 912 V Zfvwb 2 particulate thin films grown on W

b CIRAIEE T ORI R A MR TE D 2 EAifmot,  ectayerswit @) Wand (b) v
Sm(FesoCoz20)12 HEFENEIE 2 /0 &5 = L2 X kit &

NEIUCHHS LIRS R bR LTz, L L, REIFIRKTO073 TICHE-TEY, W T
HIRE D G PEDIEF N B W DR F NI RN A0 ThoTe oo EHER LT, 2ThEadET 5720,
W & L C MgO(100) F:4k I HARIEE 600°CT V & BikkE S, £ Eic W FHUEE O
Sm(FesoCo20)12 T B X % o ¥ )Lk 2 i R S8 72, FO5EF. Sm(FesoCoz0) 12 HEFEIFE 2N 2 nm
2BV THIEE 60 nm OINIIKL i E 2 R T& 7o, L LZOHATHHREINL0.72 T IZH E
> TWD, SEFE 72BN IE OMENTIC L 0 BRI EXA R+ Ch AR EZRET DL TETH D,

BIRE  ABFZE LT B RIS EA BT ZE L, (JPMXP0112101004) O X2 CTfrbivE L=,

& 3k
1) Y. Hirayama et al., Scr. Mater., 138, 62-65 (2017).
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Phase diagrams and uniaxial magnetocrystalline anisotropy of Fe-Co-V-N films
T. Hasegawa, C. Shirai, T. Nishikawa

(Akita Univ.)
[XLCHIZ
TR ANGEAT ORGSR FEIR IR DB RE M LD 72D 12IE, @R RS T ER (K & mWafmii (M) z 3k
T Z T B OB DB NEATH D, FEH O OMEE TIL TV E TIZ, FeCo 2% LT VN Z[REIRIRINT 5 Z &
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Massive transformation in FeNi nanopowders
with nanotwin-assisted nitridation

Jian Wang?, Yusuke Hirayama?, Zheng Liu*, Kazuyuki Suzuki, Wataru Yamaguchi!, Kwangjae
Park!, Kenta Takagi?, Hiroaki Kura?, Eiji Watanabe? and Kimihiro Ozaki*
LAIST. 2DENSO CORP.

L1o-ordered FeNi alloy (tetrataenite), a promising candidate for rare-earth-free and low-cost permanent magnet
applications, is attracting increasing attention from academic and industrial communities. Highly ordered single-phase
L10-FeNi is difficult to synthesis efficiently because of its low chemical order-disorder transition temperature (200~
320 °C). A non-equilibrium synthetic route utilizing a nitrogen topotactic reaction has been considered a valid approach,
[1] although the phase transformation mechanism is currently unknown. Recently, we investigated the basis of this
reaction, namely the formation mechanism of the tetragonal FeNiN precursor phase during the nitridation of FeNi
nanopowders.[2]

The FeNi nanopowders (NPs) were firstly prepared by a low oxygen induction thermal plasma system. Then the as
ITP processed FeNi NPs were first reduced in an electric furnace at 400 °C under a hydrogen gas flow at 1 L/min for 2
h. Then, the processed NPs were nitrided at 350 °C under a large amount of ammonia gas flowing at a rate of 2 L/min
for 16 h. To prevent oxidation, most of the experiments and evaluations in this work were carried out under a low
oxygen atmosphere (glovebox) without exposure to the atmosphere, except when briefly removing the samples for
characterisation by SEM and TEM.

Detailed microstructure indicates intensive nanotwins in the nitrided FeNi NPs which results in a distorted lattice and
Fe segregates at the TBs, which may provide preferential nucleation sites for the FeNiN product phase in the FezNizN
parent matrix. Furthermore, detailed microstructure analysis revealed that the growth of the FeNiN product phase
followed a massive transformation with high-index irrational orientation relationships and ledgewise growth motion
characteristics detected at the FeNiN/Fe:NizN migrating interface. Based on the results, we delineated a potential
formation route of the FeNiN precursor phase in the FeNi NPs during nitridation, which could contribute to the basic
understanding of this mechanism and promote further optimisation of the synthesis of bulk ordered FeNi alloys for
various magnetic applications. This work was partially supported by the project “Development of Magnetic Material
Technology for High-Efficiency Motors” commissioned by Japan’ s New Energy and Industrial Technology
Development Organization (NEDO).
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1) Goto, S. et al. Synthesis of single-phase L1o-FeNi magnet powder by nitrogen insertion and topotactic extraction.
Sci Rep 7, 13216, doi:10.1038/s41598-017-13562-2 (2017).

2) Wang, J., Hirayama, Y., Liu, Z. et al. Massive transformation in FeNi nanopowders with nanotwin-assisted
nitridation. Sci Rep 12, 3679, https://doi.org/10.1038/s41598-022-07479-8 (2022).
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Fig. 1. ABF-STEM images of nltrlded FeNi NPs with terraces/ledges demonstratmg the ledgewise growth motion of the
FeNiN/FezNi2N interface (a & b). (c) schematizes the representative high-index orientation relationship present in (b).[2]
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Study on magnetic properties of mixed and oriented soft magnetic particles composites
Kazushi Wakabayashi, Keita Murata, Takamichi Miyazaki, Hiroshi Masumoto, Yasushi Endo
(Tohoku Univ.)
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Development of pressed magnetic core reactor
for converter/inverter system for shinkansen electric equipment
Takanori Kanaya, Toshiro Sato, Makoto Sonehara (Shinshu University)
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Table.2 Specifications of GaN-FET PWM inverter

Input voltage DC200 V
SR T R T T L7 7 A LBRT /Ko e
2 FEO O GHI R E O EERRLL D Y 7 2 Output voltage ACIOV @ BA
JLORNE T A AT o T fE RO L 2y N A Carrier frequency 700 kHz
AU N—H AT N LR A RET 5, Reactor for LC filter 27 uH
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powder with Dso of 3.5 um and 10 pm. boost convertor.
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Broadband iron loss measurements in a Sendust dust core using 2-coil and capacitance cancellation methods
N. Onot, Y. Uehara?, Y. Endo®4, S. Yoshida?, H. Oikawa 5, N. Kikuchi !, S. Okamoto® ©
(XIMRAM, Tohoku Univ., 2Magnetic Device Laboratory, *Graduate School of Eng. Tohoku Univ.,
4CSIS, Tohoku Univ., STOKIN, SNIMS)

[FLHIC

BN — L a =7 AOQFEBUTMIT T, MR T ORBIAE~DERBEHE > TN D, ZD7DIC
IEEHEER AP SIS T D ENEETH L2, A< AV BTV S Steinmetz 20U K 2 7T I LB S50 10 70 fiF
PRICE >V D, ZORBEICK LT, Fiorillo 5137 =7 A b a7i2x U CRALIBRRZEE S < SR N fRHT
FHEEREZL TRV, FxIIATEEZER 2 7 S0O&8BAMEI~DOIEEZ BT L T D, KRRIEORIX
T ra— RNy REFERE Z1T 9 U H 5 2 AZER e SEHIE TH 5 2 24 WETIFELMHZ 28 EIRTH 5[2],
AHFFETIX, 2 I A ViEE HRERIZMARDESL Z L TERaTO T o — "y FEEIEEZIT- 72, &5
(2 T EBOFECGE S G L. 100 Hz ~ 55 MHz O Ji U VI C s 72 BRI E &2 £ L 72 fE R 2 WS4 5,

ERAE

ABHE ha A VTR O& > 2 A NEREEME 2 7 (OME 13 mm, N 8 mm, MRkt 11.2um) THH | &
AEE5mMm 25N I mm O 2 flEHE vz, 2 24 WEORIENEL BH 77 A Y (IWATSU SY-8218) % i ff L
=, REOHERICOWVTIECH[A] 225 Sz,

EERER .
2 FEIEOD Bt B PIE FIECTOSIBRET — ¥ OBAVEEZ B D120, iD=
A NVOREARIT 08 L ETHD Z E2MRL, I HITA v E— M0 i o mﬁ;wf” 40;:;“T
B UARBHR LY HEWBLARD ST — S BBEIT o7, TD o | SOt g T
E3ICUTHELE 2 24 Vi b N elRiEn ey 72 MEfa 5 17| TTeam Tl e s
7 DA RARIBIT 3 2 PO R E AP R Fig.L IORT. B0 o = .......mw{‘@ it
SLBLWCAKE =7 E2 2/ ViE JHREOKRTHY , &5 & .,....,".w*:;jjg;;. 0.5mT
ICB~—7 R b5 NNZHR~—7 2 5mm, 1 mm EREBOFERETH D, 2 Mwﬁ'
A VR L SHRIET N E N OER R BAFCHS L TRy, T e — Peapreoaets
RNy RCOSBRENEHTE 2 RN 0nDd, 52 1 mm ER 10° 106 10¢
BECIE B CAERE I EI N S 7 N5 7= b R R e B f(Hz)

Fig.1 Broad band iron loss measurements of a
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Sendust dust core by means of two-coil (solid
marks) and capacitive cancellation methods (open
marks). Black and red marks are the 5 mm and 1

mm-thick cores, respectively.
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Study on Structure and Magnetic Properties of Pure Fe Ribbons with Annealing Treatment
X. Ma!, R. Umetsu!, T. Miyazaki', S. Mikami?, T. Hiraki? Y. Endo' ('Tohoku Univ., “TOHO ZINC Co., Ltd.)
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FOeatExt a2 — 47 R AN o ZIETYERLL 72 CoZrO EHEIZ BT 5
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Gf-BsE, S, SRR, s
(R T2 RE)
Effects of oxygen gas flow on magnetic property of CoZrO films formed by reactive facing target sputtering
T. Kaneko, H. Nitta, Y. Takamura, S. Nakagawa
(Tokyo Institute of Technology)
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1) S.Ohnumaetal., J. Magn. Magn, Mater., 310, 2503 (2007).
2) Y.Sunetal, IEEE, Trans.i/lag?., 43 /45)460\(2007). Fig. 2 Os flow dependence on Hi
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Development of Fe:B powders as noise suppression materials for 5G
communications

H. Sepehri-Amin'!, P. Tozman', Xin Tang!, S. Tamaru?, T. Igarashi®, S. Okamoto*, T. Ohkubo' and K. Hono!

! Research Center for Magnetic and Spintronic Materials, National Institute for Materials Science, Tsukuba
305-0047, Japan

2 Research Center for Emerging Computing Technologies (RCECT), National Institute of Advanced
Industrial Science and Technology (AIST), Tsukuba, Japan

3 TOKIN Corporation, 7-1, Koriyama 6-chome, Taihaku-ku, Sendai, Miyagi 982-8510, Japan

4 Institute of Multidisciplinary Research for Advanced Materials (IMRAM), Tohoku University, 2-1-1
Katahira, Aoba-Ku, Sendai 980-8577, Japan

The role of high frequency electronic devices in the world is increasing due to the emergence of information
societies and the prospects toward further implementation of artificial intelligence and use of big data. However,
evolution of high frequency electronic devices accompanies with a rise of electromagnetic (EM) noises which should be
suppressed. One way to overcome this problem is the development of noise suppression materials which can absorb the
EM noises above 20 GHz range. Although various ferromagnetic materials have been used as noise suppression
materials for different frequency regions [1-4], there is no practical materials to suppress the noises at the frequency
range of above 20 GHz required for 5G communications. In this work, we developed Fe,B ferromagnetic powders that
can suppress EM noise at the frequency range of 10-35 GHz.

Fe,B alloy ingot was prepared by

induction melting. Spherical shaped powders
were prepared by the jet-milling process. The

size of the particles varies depending on

—e—Hp =0 mT R
—o— oM = 200 mT i
—8— j1;Hg = 400 mT.

igHp = 600 mT,

grinding gasses such as N> and He with

1 10 20 30 40

different inlet pressure during jet-milling. -

Based on XRD analysis, the main phase in the —e—peHo =0 mT
—e— gHg = 200 mT
H 115 —u— pigHg = 400 T,
as-cast and after jet-milling process was found et o

to have the CuAl, type crystal structure.

Figure 1 (a) shows secondary electron
(SE)-SEM image of the jet-milled powders.
The average particle size of the power is ~3
pm. Figure 1(b) shows bright-field (BF)-TEM

1 10 20 30 40
Frequency (GHz)

Figure 1: (a) SE- SEM showing morphology of the developed
' ' ) ) ) jet-milled Fe,B powders. (b) BF-TEM image obtained from inside of a
image obtained from a single jet-milled Fe;B  single Fe,B particle showing single crystalline nature of the particle. (c)

particle indicating that the powders are single ~ Real (y') and imaginary () part of the magnetic susceptibility under 0,
200, 400, and 600 mT bias magnetic field.

{ ee—

crystalline. Based on XRD on magnetically
aligned  particles and M-H  curve
measurements, we have found the developed Fe,B powders show basal anisotropy. The single crystalline powders were
magnetically aligned and fixed in an epoxy resin. The magnetic susceptibility of the aligned powders was measured
using transformer coupled permeameter (TC-Perm) [5]. Figure 1(c) shows real (') and imaginary (") part of the
magnetic susceptibility as a function of frequency under bias magnetic field (¢oHs) of 0-600 mT. The developed Fe,B
powder give a broad ferromagnetic resonance peak covering the frequency range of 12-35 GHz under uoHg= 0 T. Upon
increasing poHg, FMR peak shifts to a larger frequency range. We will discuss how selection of appropriate particle size
and their single crystallinity are important factors to realize FMR peaks above 20 GHz desired for EM noise
suppression for 5G communications.

Acknowledgement: This work was in-part supported by MIC/SCOPE grant number 195003002.

References: [1] H. Y. Yang ef al. J. Alloys Compd. 493 (2010) 549-552. [2] C. Yu et al. Dalton Trans. 41 (2012)
723-726. [3] X. Liu et al. J. All. Comp. 765 (2018) 943-650. [4] M. Green, et al. Mater. Chem. Front. 2 (2018) 1119.
[5] S. Tamaru et al. J. Magn. Magn. Mater. 501 (2020) 166434.
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v’ Phase Formation in Fe-N Thin Films Prepared on Single-Crystal Substrates
by Reactive DC and RF Sputtering
Yura Maeda?, Kosuke Imamural, Mitsuru Ohtake!, Shinji Isogami?,
Masaaki Futamoto?, Tetsuroh Kawai?, Fumiyoshi Kirino®, Nobuyuki Inaba*
(*Yokohama Nat. Univ., 2NIMS, *Tokyo Univ. Arts, “Yamagata Univ.)
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Epitaxial Growth of y’-FesN Thin Films on MgO Substrates of (110) and (111) Orientations
Kosuke Imamura?, Yura Maeda?, Mitsuru Ohtake?, Shinji Isogami?
Masaaki Futamoto?, Tetsuroh Kawai?, Fumiyoshi Kirino® and Nobuyuki Inaba*
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Guidelines for realization of FeAlSi films with soft magnetic properties
by control of composition and atomic ordering
S. Akamatsu, T. Nakano, M. Tsunoda, Y. Ando, and M. Oogane
(Graduate School of Engineering, Tohoku University)
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Uniaxial anisotropy of ferromagnetic nanogranular films consisting of binary CoFe alloys and fluorides
M. Naoe, M. Sonehara*, Y. Endo**, N. Kobayashi, and K.I. Arai
(DENJIKEN-Res. Inst. Electromagnetic Mater., *Shinshu Univ., ¥*Tohoku Univ.)
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<7V AGHA 0 deg fTICm< D EERBND, %6”';3'”5”'75“'ﬁf
2E R Chemical composition x

1) Naoe, et al.: [EEE Magn. Lett., 5 (2014). in Co,Fe4qo.x (at. %)

2) Naoe, etal.: J. Magn. Magn. Mater., 391 (2015). Fig. 2 Anisotropic angle from substrate rotation
3) EJL fh: ESFRIER B, MAG-13-133 (2013). direction and anisotropy constant as a function of
4) Shih: Phys. Rev., 46 (1934). chemical composition x in Co.Feigo...
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Soft Magnetization of NiFeMo Thin Films using Non-magnetic Cu Intermediate Layer
Yoshiaki Hirayama, Yoshito Ashizawa, and Katsuji Nakagawa
(Nihon Univ.)

FLHIZ

A R A W L o R IR ISR A EUINT 5 2 SIS K DBRERELE N L, A = v AN
THHEEFM L7z GMI & U T EREEALCRE LIS A ER STV DL Fox i, fafii b K& <, #
AUTC G R 2 A9 5 NiFeMo HIRIZ I\ T, ZfaEiE 28I H L7 & 672 DM E(RICE R L, —i%
(2, SEREEMERNICIE R S D BERE IS B O BRI HECIRIEIZ L - TE{E L, BEENEWE Z A TIIEEED
A RN 7R ClEEE S % Bloch BEEE L 700, < 70D L REREDT O KSR & < 72 0 RBERE | I
BN DREARIC X DE B 1L X — 039720 A B IR E N TlRlER 95 Néel BiEE L 722, = 2 C, FERMEE
% RREVE T CHEA TR IRV TIE, TREMEE RIS A 12 L 0, Néel BERERI SRR S5 2 & C, #REERURFED
M EAHE SN TWDHE, 22 TAWFZETIE, NiFeMo IO REEEREE OFIENIC X 2L 2 Hig L, B
REPEDIEREME Cu IREARFAMEIZ DV TR L7z,

REBRAE
NiFeMo / Cu / NiFeMo #fli% RF v 7R hr o A3y Z1 2 NiFeMo (100 )
v 7R VT SiO FEHRICHUEE L 7=, NiFeMo #R D /ERLC LIk
1% NizgFeisMos (at.%) DEBL—7y NeHniz, £7-, FE ]_\/\
P E Cu DIEE dey X 1 nm, 1.5 nm, 3 nm & L, NiFeMo # 001~
PEDFIE L 50 nm —& & L7z, ERL L 7= e s i R Bk
BHREE )G VSM 2 W TR O [ 1A T 72 07 17 O B O RGS g 0.008
A RIE LT, ﬁo 0.006 NiFeMo (50) / Cu (dcy) / NiFeMo (50 nm )
T
REER 0.004
NiFeMo / Cu / NiFeMo HEIEORREET) He %2 dey (2% L T 0.002
Figure L IZ/RT. WTND dey IZBWTHEL AlIm O H 27~ L
7=. —J5, k& L TR L7z NiFeMo BJE 100 nm @ He = 1.7 0
KA/m Z S8R TR L7-. HJE 100 nm Z 8 T 50 nm 12X 0 2 4
812 2 & T, Ho 2% 3HHEIL L 7. L7=73- T, NiFeMo & Cu @ de, [nm]

3EHIEICL Y, HWETY oy REEEDREZ AV T, BEE

) - Figure 1. Hc of NiFeMo / Cu / NiFeMo
AT &L o THBEMEL L2 Z L VRIR S LS.

trilayer films as a function of dcy.

BB BRI, PRk 31 BT Y v Y= s MR
A DR 3T T

S5 XH

1) H. Kikuchi, S. Yabukami, M. Yamaguchi, K. I. Arai, and T. Suzuki: J. Magu. Soc. Jpn., 26, 562, (2002).
2) H. Clow : Nature, 194, 1035, (1962).
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LEE(RE « MR — - THBEHE - e (RTBIERY)
Control of Magnetic Properties due to Co substitutions for Zinc Iron Ferrite Film
N. Adachi, K. NaniwaY. Nakata, K. Shinkai (Nagoya Institute of Technology)

1. ¥

Tz id, BOREBGMEIR L L CaI BT ZnFeO4 (2B LT, HHES B/ i (MOD)E CTHB 4 %_thzw
WEREL Z L T7 = VML L, KOBAL 2D R RFR L TE 72D, RFZETIE, 290 ME#BIC
% ZnFeyCoxO4 (2B L THREAL OB ) & 4~ 5 RO W TR T 5,

2. EBRGE

ML, MOD A HWT, YV AHF AR blcArya—F 0 o 7 UIERL L 7=, @ik F#1X. 100°C
THzEE L, 300°C CIRBMLEE AT o 72, MBERFEEE TIOTREZMHY K LIk, BVLERES b S w7z, J@%ﬁi
1R I IBERGREE 2 500°CH> 5 800°C D&IPH T1T o7z, 1EH L7-3EHIxF L. XRD(RIGAKU: RINT1000)(Z
il ORI, FE-SEM(JEOL:JES600F)(Z X % i@, SQUID(Quantum Design: MPMS-7)IZ ;émmﬂm\
ESR(Bruker EMS/ES00)HIiE 1T > 7=,

3. RLEBE

= 1% FE-SEM DR #2212 ;DmMm&f&ﬁ%%otommtwvw YT, AERVEEICH
KT HEFTE— 7 OBPELNT, ZnFeO4 HIEDHAIL, 7 = U BEMEA ORRE /) He 1% 700 Oe & —7E T,
TERLSARIC L 0 | fafnféik Ms 2328 b LT, fﬁﬂ%mf\ 500°C_2h fFiT, 480°C_12h OFiPH T 40~50emu/g %
R LU, PRERKEMBAL 77emu/g IZIZEN72WVWETH, KIBTRE 22BN ELN TS, a2 /9L MNEET
I, EHE L BRI K 0 | BRI L & REE DR & K B L Lz, 8 BRI OBERUIRE O50F F T, fafnig
BIFEBRE X LBV o TZAMKR LIS, BT %, Figl 1Z1E, x=0.75 OBERLSIFITRAT L IRk B
(T=4 K) & /~"7, B ERFREIBERR TR & 22 b(Ms=60 emu/g) % 7x L, iR E R BERR T K & 727446 )1 (He=5
kOe) Z /R [ 23 L HAL7z, ZnFeOu TR DIGE 1T, A AT 7 — 03 Wil C Fe O A D FHEZ MR TX 72D
WZxt LT, Co EHEDSE OMEIIRFE T, 20 3 MMOIFIET D ARetE b 5, Fo. 4 kD> 8 HRY
A MZ Co A AU PFET HHRICE S5 TH Ms XL DMEEZFFO72D, Ms & He OHIRH 5 WD ELH

X, WAWARETANREZ HILDH, F= U —iE TclZB LTI, DML Arrott plot 2> H#) 200 K % 7R~
Lt@gm IR CHi/ e — 27 OBLPEH SN 7-0i%, BIFERAOEKRIZL Y | Baidy c9 TIZILEn
EETWAZEDRRBIND, BRI OBNITIE, (KR TR OBRIC X 5 IR ORI~
D7 N EAEIE O R DBII S - 2 LD Co EHUL, RBEATEICMARSE L Z L0l Tx 5,
HEE AR O TSGR A 77 /| /~7 Xy M R—ARES - WEAKR S EEST ]S
21-MS-1043 ORI L 0 BARFI AR o AL RgEET C 9 S 7z,
BB
1) N.Adachi et.al. 02PC1 H ARBIKFEE 45 [BIFHHS TR

80

x=0.75

60 [~ —@— 500 deg 1h
—A— 700 deg 1h

40 |~ —— 800 deg 15min
—e— 800 deg 30min

20 L~ —#— 800 deg 4h

M (emu/g)

-20
-40

-60

-80 T T T T T

50 100 150 200
-40 20 0 20 40 TemperatureT(K)
H (kGe) Fig. 2 Arrott plot of Zn(FesxCoy)Os (x=1.0
Fig.1 Magnetic hysteresis curves Zn(Fe;<Cox)O4 18- ott plot of Zn(Fe2+C0)04 (x=1.0)

(x=0.75) annealed various conditions. annealed at 500°C_IH
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Fe2* Ti*EH#i SN Tim 7 = 74 ~OER

0 5S N iE] aE
(B =R

%lé

Synthesis of Fe?*, Ti** substituted hexaferrites
S. Nakahara, K. Kakizaki, K. Kamishima

(Saitama Univ.)

BaFe,010 (M ) @ Fed+# A K& 3 flidA A2 CTiEHLI 54
ZE1% 1950 FRENEDH D D, B2 DM DA A 2 & TR
3 ML HICERT LI ELAETH S, BasTisMe?*,Fe203;

(18H ) (ZBIL T, BIEMD~D FeDiR AT B EN TS
DD, Me* = Fez*® 18H BUIER STV 2, RIFFETIIANS
Em7 =74 FD Fe¥a Fet* e TIWTEHL, Fe*f A 2G50 7 7
A4 MERZT a2 2B 5L L HIC, REREFIORWN M BTo
Fef&#iks L OV Fe?* 25 18H BRI A B & LT,

EERAE

Fe> LIS D JFUEHEy (BaCOs, a-Fey0s, TiO,) % BB D Fe?* & 7
LW a2 g, IRE Lz, REH®R. 1mmP oy La=71Kr—/
Z 2R AR —1 2L (1100 rpm, 600 sec.) TEMEL | Bofie S 7,
700°C TS 21T > 7=, AR E 725 K 912 FesOs ZIRA.
ZNENE3ImMm®, A 10 mm® O kv A ZUIRIZ 0.5 tlem? THIE
I U7, g, BB A S I ARV CINIE 1.0 Pa LR TEZEEA
ATV, ZOAYERE %2 1000~1200°C T 5 h, MNEA L 7=, B O A%
IR X BREPHECTRE L, BRAHEITRE R (VSM)
EZAWTHIE LT,

HERLER

Fig. 1 (Z 1200°C TABERL 217 - 7= BaFe3*15.5 (FeZ Ti**)O10 D X H[H]
P 2 o~d, EH#E x=1.0,20, 2228\ T MBOBEHENESNT,

Fig. 2 T 1200°C THERL L 7= 3B O =R IRIC BT 2Rt 279, &
BB 2 DIZ LTER > T, BN D EBE~E b LTz, 20X
fbi Fed s Tiv N B X 7= 2 & C, @A AER Ny rIces £
ST THDEEZOLND, Lo T Fe¥*A Fe?*, T CE#HINT
LEZ2 5D,

Fig. 312 1000~1200°C Tﬁ%ﬁk L7= BasTi4*3(FeZ+Ti4+)2+XFe3+12.2X031 (X =
-1.0)D X MREHTE 273, 18H Blix Y A2 BaTiOs E % 3 ANz /-4
ETHY, o 18H BATME LTEONT, BIERMELTIE Y
H7 =7 A MAE BaTiOs AHAMAERK L7243, 1200°C OFERK CILIZIFH
OB RGO N, DT Lnn, Fe? 3 EVR L7 18H M 2 {EHRLC
ETEERD,

L ZD ;N

1) A.H. Mones, E. Banks; J. Phys. Chem. Solids, 4, 217 (1958).
2) Q. Lietal.,; Acta Mater., 231, 117854 (2022).
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Fig. 2 BaFe3*15.0 (F€2+Ti4+)xolg
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Fig. 3 BasFe3 1.0« Ti**3(Fe?* Ti**)24x0a1
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