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ABSTRACT

Me-substituted W-type ferrites (4AMe,Fe,;O,, with 4 = Sr, Ba, ..., and Me = Co, Ni, Zn, Mg, ...) can be obtained
by standard solid state reaction but always contain secondary phases. Phase stability of SrMe,Fe,,O,, with Me =
Co, Ni, Zn, and Mg sintered in various oxygen pressures of py, = 0.2, 1, 10 and 387 atm were investigated using
X-ray diffraction analysis, wavelength-dispersive X-ray (WDX) analysis, and transmission electron microscopy
(TEM). WDX analysis revealed that the W-type ferrites are described as StMe, ;Fe,,.,0,, because Fe’ is partially
reduced to Fe’* even when synthesis is initiated from SrMe,Fe,(O,,. Increasing the oxygen pressure suppresses
the reduction of Fe’" and the formation of the secondary phases. In addition, TEM analysis shows that the
SrCo,Fe,;O,; single crystal is free of stacking faults. We conclude that the single-phase formation of the Me-
substituted W-type ferrites is hampered by the discrepancy between initial and actual chemical composition caused
by the appearance of Fe™.
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WHEl 7254+ (Fig. 1) @AW 7254 bo—FiT,
ZORERNE A7 M Fe¥,0,, (47 =Ba™, Sr™, ..., Me* =Fe”,
Co™,Mg”, Zn™, ...) L £END (LM ORSFIZIE LT,
Me,W & F5d). Z2WMH#EIL Po/mme TH Y, MEEA X & 4
HF oL B ERMEOMBICF 2 M HBAD.
R7 U v 7 (AFe,0,)" & S7 1 v 7 (2Fe,0,)" & IFiE 5 7
v 27 A% e HJF IS RSSR*S*S*  (* 13 ¢ #illl2 9™ % 180° [l

FEWT 5) LR LEETHY, Fe, M IZTODH
MEEMICR R4 M e 5AL, 7o) EEERT.

WHT7 =254 M, KRABARLY 7 MgEmet e LTl
FENTVDY 2, AR EOREENES  LEAHEE 2o T
Wh. BlZIE, Fe,Wlid, Fe*' & Fe' 2SI ICE TN 720,

* Corresponding author, E-mail: nakai.shinji.37m@st.kyoto-u.ac.jp
ARFLIE CCBY-NC-ND 54 & ¥ A2 X > THtisNTwE .
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https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ja T ZHfERE 72 X W, Fig. 1 Structure of W-type hexaferrite drawn by using VESTA".
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YR 7254 FORICIZ, Ay —ruay AfEEicky, i
BWICIRFEOAREIES RSN DL Z LMo N T 5
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W 3 2 AT TR BUSEIC & 0 &% L7z, BURHE SrCo,
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Fig. 2I3ME W HE %% 2 THM L 72 Me,W (Me = Co, Ni,
Zn, Mg) O XRD /8% — > & ZD35° MWD KK TH 5.
Co,W Tld, BRESTFICLOTWHIPEME LTSN
(Fig. 2 (a)). KREMTHM L7z Co,W Tl, AfiME LTR
CANLVT =74 POPFERREN, BESEOHKRIZLDN-T
Z ORI L7z (Fig.2 (b). — 7 T po, = 387 atm TH
WLz CoWIZIZAE RNV T 254 MEFERENT, DY
MBI 7 254 b=y A4 MK E L CHERE S L7,

Fig.2 (c), (d), (e), (), (g), MF * N & NNLW
Zn,W, Mg,W O XRD /8% — > & Z i 5 D 35° i3 D35 KX
THUY, pop=10atm  TIECo,W & Wk, AfliE L TR
EANT 274 MRS, MESEOHRIEVZEDR
FIRA L7z, po, =387 atm TlE, FNENBEHHRZL 5 72,
Ni,W Ti&, AR VT 254 bOEY—=27h4kL, WHHE
M2k o7z, Zn,WTIE, pe,=10atm X ) AR VT =5
A4 N ORI YE — 27 i Bz, Mg,W Tid, MEI7 =5
A b, ANIFAL N, REARNVT T4 PO E LCTHERR
N, AR VT 2I54 PO =7 il py,=10atm T
DAEANT 274 FOE—=ZEETNTNDL I ENnD,
Mg DA A P HEAL LW HEEA D 5.

MRS L D, AR L OHEI LT 52 L id, H
REVCERGEA & v OO T MboTnb &%
ZBDONEYTHAS. La-Co it SIM TIIEETED LA
WP, Fe o Rl S, Co™ BRSNS A 2 &
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Fig. 2 XRD patterns of W-type hexaferrite ((a), (b)Co,W, (c), (d)Ni,W, (e), (f)Zn,W, (g), (h)Mg,W) sintered in different partial oxygen pressures. Calculation

is based on PDF Card - 00-051-1882.

BHHNTWAEY, Me,W T Fe* OFANRETHY, B
FHE LRI XY Fe' R AR S, AR L
2bDEEZLNE. NL,WUATIE, po, =387 atm THZE
BHIRIE D> S O HA 2 T TIZBIH T & 2225, Co,W T,

—HD Co™ ATCo™ ICALL, WHIOMMEATF L FAD
SENPAE LD EEZONSL. 72, MgW Tid, XRD
TA4MIER S N7225, SrO - MgO - Fe,0, DI =TT R2 %2 5
&, i, EEOFEFTIIETPHEREE LTRAIMETL
PRAETER VD, ENEHFEIREL %2 2 DAL E5H
T, HHELENICERTHo7bDEEZ NS, BIIHSE
JMESE CIXRRE O REARR I L <, BOSKEZ 2 K
e L72As, MMomBEST TORISKMICENS L8, #
FHARBICE S o 720 RS T E 2 bND. Tz,

L OFFHMEICE Y, RBAR=ZATOREYRITLL <,
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SEHRE & FHARE ISP E LTV ATREED 2 6h, 2
D &9 T B ) I SEE % A 5 726 0L T O R BRI AT
OFF BT L0 BbNs.
3.2 SEM-WDX 2 X K541 (455

WDX 2 & ) 47 o 7280 AT O 5 S % Fig. 312, b 1C
FAIE, MEHMIZ Fe ¥ 7213 Me ORLE R B 72 ) 0 = THAEAL
LTRY. TI2T, nX)ZXEFREEL, WHOMER
H720 O XETHE n*(X) = 18 x n(X) / (n(Fe) + n(Me)) & EF%
L7z o WHOHNNIZIE, ZRBFEMTHE I L
5, SEM{ZTCIEWHlgZ K285 ThsI tEdb Eicl
7275, AT ORGSR, WHIZ BT B I0#EIIE, n(Sr):n(Fe)
+n(Me) = 1:18 DARARZN, AV A M HFF & Feh A
N FF Y OMORNEREIIR SN LD 572 Tl Me &
bW TIZBAIYIZIE n(Fe):n(Me) = 16:2 T 5 75, FERIZIZ,
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Fig.3 Fe and Me contents in Me,W versus partial oxygen pressure at the
sintering process. Definition of #*(X) is given in the text.

Fig. 4 Co,W single crystal.

Fe DRENT L, Me DREEIMME AL D % Z & H35 %5
7o, BHBEMESSOTHE, KRAPFTER LA T, Meas
Co, Ni, Zn, MgDJHIZKE L 2o 7.

LD Me ZEALWIZH LTD, AP OBEESEDHKIC
£EVS, n(Sr)in(Fe) + n(Me) = 1:18 Z £ H A5, Fe D EIH AT
WD LRI Me OEIG 3 2, BAEIZED SHMAA S
72h5, Zn,W, Mg,W T, po, =387 atm TEHH L 723K TH,
PRAEAELCIE L 2 Do 72, — 7T, Ni,W TlZ, po, =387 atm T,
n*(Ni)=1.93 L BAEIZH D&, Co,W Tld, po,=387atm T
n*(Co)=2.03 L7 ), FTHAMAZ Co JEEEAT Il - 7z,
3.3 Co,W ik 5 3T

Fig. 4137 7 v 7 AT X 0 15 5 N7z Co,W Hifh Falkl o
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X M-type hexaferrite
v X-type hexaferrite

Co, W single crystal

x

Intensity (a.u.)

.
v
A

calculation j{

|

L L
20 25 30 35 40 45 50

26(°)

Fig. 5 XRD patterns of the crushed Co,W single crystal. Calculation is
based on PDF Card - 00-051-1882.

Fig. 6 (a) SEM image of the surface of the Co,W single crystal and its
element mappings of (b) Fe and (c) Co.

Fig. 7 (a) SEM image of the inner part of the Co,W single crystal and its
element mappings of (b) Fe and (c) Co.

Hifd i SV FETMAT 3 o SEM 1§ (Fig. 6 (a)) 3 X UF SEM-
EDX 2L 275FE < v ¥ v & (Fig. 6 (b), (c) 705, &M
TIERA FRRON, ZOKRA ORI WHIZ LR Fe i
FEHE < Co i BEAMIR WA ML D FURATEE S 7z, RS
MORE, ZOMEIME 7254 bTho7z BRI
X WS S 2 L CTHEM S RBRERO SEM % (Fig. 7
(@) BIWwE~y ¥y s (Fig 7 (b), (c) 5, iR
WKWIEEHO DO L IIEM AN EL L, ShEFTRE R
MAPHERR S Nz, ST OFRFR, ARV T =54
METPRIND, MR HEEEOTHLNZKRS NI
INOEMBHEELCELLbDEEZONS. T2, XA
774 MeEZONBHLHAEFICA SN MBSO
Fg, Co,W D Comid, ZifimieHiclty, H+ hwna
&N o7z (Table 1),

Co,W HA5FHEHIIZ 4 D OMP AL TV B, T
Eil, BT D Sr-CoO0-Fe,0, DI =I5 R % £ 2 b & BSFiIk
RETHODIAREGHTDH Y, F™ OFERILEW DR %
EZBOVRYETHL. — ISR h o Fe® I3HERT
LT, GHFFICF IS h, SIS NS
V. Co,W A B HL S 7z AL, B Rds sk 7z IR i C
Fe" EINLMETH - 72 b DA, W —ERo i L 72
ZEIZENELLEEZLNS. Co,W HEMEEHE, KA
FAZLROENZB00, AR, SIFHBERE M SN S
A%, XRDIZ X A2M%E, SEM-EDX 2 X Bot#E~ v ¥ 7,
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Table 1 Sr, Fe, Co content of Co,W and impurities in the Co,W single
crystal. Their contents are normalized so that Fe + Co = 12 (M-type

hexaferrite), 30 (X-type hexaferrite), 18 (W-type hexaferrite), or

3 (spinel ferrite).

Sr Fe Co
M-type hexaferrite (SrFe,,0,,) 1.00 11.93 0.07
X-type hexaferrite (Sr,Me,Fe,s0,4) 1.96 28.12 1.88
W-type hexaferrite (SrMe,Fe,0,,) 1.00 16.21 1.79
Spinel ferrite (MeFe,0,) 0.00 2.13 0.87

SEM-WDX (2 & 2B HT OfE S, FEBEIIIEEORM (&
HW) 25Co,W DfERPICHAELTE Y, MHPLMR o —4

EVIHBIEALIIHEEREEEA LV DEL S TVAEI L
DI H o 7.

3.4 JRFTHEESENT (Co,W)

Fig. 8 (a) 1 [1100] J1a1 4> & T & A g+ L 72 Co,W o [l #f
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REGOLEAEDWREME IR L E 2 5 5. Fig. 8 (b) 13 [1100]
FHIa2 50 STEM IZ X AIEHEFHETH D, i)y mofifEh
SEDTERE NIz, BRI ETIE, BYFEEIESVIHS L
FORENDZENS, PARBIZL Y, & FRHE & o
Fig. 8 (¢) ISR T L ) IR TE .
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8% — >, Fig.9 (b) 1d STEM IZ X BT {%, Fig. 9 (c) 3%
OWKHBLOWH T 254 bofiE e ooz RL7zD
DT, [1100] FS5DDEFRBOI EDNZR 5.

[1100] J5 11~ & e O [1120] I 20 &, BERLEr 5% &K
20 AT L7245, Z O CRUB R MIIHERE S ko 7.

4 # b=
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L BB AH ORFERD S, WAHT T, n(Sr):n(Fe) + n(Me)
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RIGIHER S N dpr otz D720, AV A N hFF 2k Fe
YA M FF OB KT Me ZE/LW O H
MEOBEZERNTIEZWEEZ ONSE. —FH T, n(Fe)n(Me)
AR D 162 IR T Fe 5%, Me 3w, 72,
AT OMmBESEEZERIEL LT, BHORIWMY O
D, MEOTIINEL ol Thbh, Me,W THIIA
MMARSNBIEKEIZ, Fe™ 238 % 2fi4 4 ¥ TR
&b D L) FIRA RS, Fe' A g4 L EBE oM
JASIIRIE D S5 TNB 7200 TH DI L ZRBL TV A,
DEDZE%2BF 2T, MeBwALW 2 HAMALT 51213,
Fe*' D54 % B L THAARMBL O Me & Fe @ It % BAHAL K
POEFLTHEL, ARPOBESEEKSE, Fe& 0%
Al Hfl L <, BERRICT A2 o208 EZz L
5. Fe 03w F 2 THIAARHMK % SrtMe, Fe,,0,, 12
LLTERT 256,  3BESTELREDHEE > T
5720, FHRIEO RIS, FHKTODRmOR, Wi
REOMESEOEN R HEAKD 5D, —HT, BESE
IR &S, Fe’ O34 % Tl iuE, Fe® OIS
X % BB COSMRIIIH SN LIfE SN G, 721,
Dip { L HE100 atm OEFEREESLETH Y, F72, Co™ 4%
DA F ¥ GO R EIIHIPH O JARD b B L 7 5.

-

’S Q@ FeCo

r @ 4

4 ° Fe, Co

Fig. 9 (a) TEM diffraction patterns of Co,W along [1120] and (b) STEM image along [1120]. (c¢) Close up of (b) and its corresponding structure along [1120].
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