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Synthesis of a Novel Magnetically Induced Ferroelectric Oxides, Preparation of High-density
and Highly Oriented Sintered Compacts, and Evaluation of Their Magnetoelectric Property.
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S13C0,Fe24041 Z-type and Sr4Co,Fes060 U-type hexaferrites with substitution for Co?* ion
by various divalent ions (mainly by Zn*") were synthesized as a novel magnetically induced
ferroelectric oxides. Synthesis of various hexaferrites was done by polymerizable complex
method. High purity reagent of strontium carbonate, iron (III) nitrate ennnahydrate, cobalt
(I1) nitrate hexahydrate and zinc oxide were used as starting materials. They were dissolved
in distilled water with citric acid. Prepared aqueous solution was heated for dehydration
and gelling. Thermal pyrolysis was carried out by heating the gel. The obtained precursor
powders were ground with an alumina mortar and compacted by uniaxial pressing into disk
specimens and then heated at temperature range between 1423K and 1483K for 5 hours in air.
Phase identification and determination of lattice parameters were carried out by powder X-ray
diffraction. Single-phase of Zn-substituted Sr;Co,Z and Sr4Co,U hexaferrites were synthesized
with various Zn content. Magnetic properties were discussed by magnetization measurements
by using a vibration sample magnetometer. Temperature dependence of Zn-substituted Sr;Co,Z
and Sr4Co,U hexaferrites suggests the possibility of their Magneto-Electric effect at room
temperature. The complex permeability and permittivity over 0.2-18GHz were measured using a
vector network analyzer with transmission-reflection-line (TRL) calibration. For Zn substituted
Z-type hexaferrite Sr;Co,..Zn.Fe»4Ou1, the initial permeability increased from ~7 (x=0) to ~32
(x=1.5) and the spin resonance frequency shifted from ~3 GHz (x=0) to ~200 MHz (x = 1.5),
as the Zn content was increased. Zn substituted U-type hexaferrite also showed similar behaver
to Z-type. These results indicate that magnetocrystalline anisotropy of the Z-type and U-type

hexaferrites was weakened by Zn-substitution.

SREE R, BRI A @S IC L o TS

W% B By 52 ENMEELRERESBARERT
TR, AR LA EURE LA TS, L2h, HICEVELEEDTVRL, INET
WHWLYNVT T 20 7 ARRSYE, B BRI SRR R X B AR AR
- IDHAMRICB W TERZED TN D, R - S T TCLEH L An I b,
THIIER ST & JIEN ML ARE  ERHNRT A ANOIHIERETH L L H 2
WX D RBEMESHRE SN ZWARFEHER 5N TEDS 20104EIAF Y7274 bO—

— 395 —



Annual Report No.28 2014

fCTdH 5 Sr;Co.Fey 04 28 7 25 4 b (LT,
Sr;C0,Z) DSE A D §5fEH T T hf v 8 A
RERT LS SN, BREAARE
FIHL7ZZERTNAADPHEN LD DL 5T
& 720 S13C0, Z XA TEE LT 5 (i i P 24k <
— ) % A RE TR A A S 2 L ST
HHH, AL L CEEMAES LA EAT S
& THMWE S\ HAHE ST RBIC 22 o 720
L, $#EESHEICLAEHTIE,. BoN5
BEREERAR — 7 A M E O Lo
THBY.Sr;C0,Z27 =74 bOYAETH MR
RGO NT VD, 155 N7 BE RO
HEEIX90%BFEEETH V)« i dh i L O E IR 72
EDRDONL Y SDE D R —T A%
AR CIIBRF BV IEME 2 3FN LR EETH D |
F R HEORCERE RN R E T 5 72
DI b EECIA) - B R R O VR AT R
ThHbo LOLENSL, Lo TarAy 1 v
F 7 D%k & 70 5 HIPR CIP 7 & O BEfs T % %
B IUE, M OA R Z I 5 2 LA
WEETH ) WY TH D LTV RV, FITH
WF7ECld, SRR 5 TR < v b hTw
BB & A THEH 2 £ T
5 EL KB LB L OB e A S D
52 L THEBLH - &R O/ER %2 R
Bbs Tbb, HOT7 =74 MDA
BOTE, BRSO HIEMEE 15 2 25T
ELEAREAFEDOT N T —VhRKRICH
ML, 2 Ol - A AT 228
BAFH 7254 (2,0, YHD) OFEMEERK
FEBL., BEEEROERIZBWTE, ) —
VIR o 7oA & 2 UG KRR &L ARGED
I (8 £ OVFEH) 12 & 2 BRIz T,
EEE T Iy s AMERICE L FHEE LT
—ERNCRERR S N T E TV D R B i x
W5 Z LT, BWEAE & SB35
T2, BOENBREERICOWT, BB

B mE, s milE L & B AR RO
i 2 SEJE L S8 7 1k SRk e R e B o 7

ERVINT L EIREN T 2,
B =

ARWFZETIE, =i - §5RkSs T C ol 8 R
SRR %R TSr;CoFe, 0, 27 =5 4 b (DL
'S1;C0,Z) B & U'S1,Co,Fey0e UK 7 =5 4
k(BT Sr,Co,U) & HFs R E LT #ill
SRR RS EAR TR T LI LA HW
ELT, RAIEHEDODEDTHLCoDFEA D2
B EEIC L 2 EHRE ARz BREOEHK
FHEARATY 7 254 NOHAMEHRIZAR
THbHIEDWbPo TOAEERESEZ FHWT
T, BRI OND L) EREGORK
WAL ZAT o 720 P RXAETIC X 245540
FE %47 - 728, ZB Tl CoY A % ZnT5%E
EIERT LI LY L, URTIEZn D A%
59 Cu®NiTHEIERTEETH S Z LA
O o720 2B, URIE 12, ZniEif % B
ol RICERL, Bon/7 914 MoO=E
I T B B RALEIE 24T o 7285 R, AV
PP CERAE AN ROERETH L L SND
R AR I | A O2B R CRIRI T A A b
AT VYA =T ELN, £25R T8
VT B R DR BRI &2 g L 7oA R, ZBIT
1275%. URICIZ50% D Co% Zn Tt L Th
SR BERE SR RE N OAHIE AL IR EE X =R & D) &
L 350KLAE) THAHZ EHHLMIIHR 572,
HE o TARMFZETEBIIRE) L 72 ZniE#Sr;Co,Z
T IA4 MRZniE#Sr,Co,U7 =T 1 Md. E
i T CHE Rk e S 7 O B a5 A 1 & 7R 9 T R
EERENEZEZ HBND, FImER R (~10
GHz) ¥ TOBRFEMHEB L OEEFERDR
P RARAE I 2 78 L 7oA R, 28, Ul & |2
Zn B R OB - THEREEEABINL .
RGBS E L CIRT§5 2 &8

>R

— 396 —



The Murata Science Foundation

birolze TNHDZEACER» S, MEHRAHE
J5C T T TS & % # Sl S 22 07 1 Zn T 45
O - TEELEAICH L EEZ BN
Bo FEiRod &I, BRBERG S 1L AR
ROEIFETH B EZEZHLNTNDEDS, ZOR;
S A IR R L AT G OBRTH
). ZnBRE 2 2L 385 2 L TR AR T
M BIEICZEIL S5 2 ENREIC R D 2 L,
T 7 b BALFRIRIC & B B AR AR F O H#H
MURETH DI LERLTWD, Nk, AFH
7 x4 POBRBERI LI L7k~ 72
YNFT 20y 7T AR AEET L BRI,
ZOBELMEEN R T TS DT e Ly
B OHHSHERTH Y . EksEE 2 LA
T AT X 2 $5RE AL AR L L Tl
ThHhiblnz b,
—DUF IS -

— 397 —

Fe, Co (4 Bil{ir)
Fe, Co (5 ALAL)

Fe, Co (6 AL

Sr

Fig.1 Crystal structure of Sr3Co2Fe24041.



