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LaZn-Substituted M-Type Ferrite Magnet with High Magnetization

HO {C«Bf =«  TDKEOBRMBER

H. Taguchi, T. Takeishi, and K. Suwa, TDK Materials Research Center

Lanthanum and zinc substitution in M-type
hexaferrite was studied in detail in order to in-
crease the saturation magnetization. The composi-
tion SrosLagsFe;7Zny30,9 had a more than 4% higher
saturation magnetization than non-substituted Sr-
ferrite and almost the same uniaxial anisotropy con-
stant (K)) as non-substituted Ba-ferrite. The ceramic
process was also studied in order to achieve high
orientation degree, high density, and submicronsized
grains. Consequently, LaZn-substituted M-type Sr-fer-
rite magnets were developed with extremely good
properties, namely B,=0.46 T (4.6 kG) and (BH)m.x=41
kJ/m? (5.2 MGQe).

Key words: M-type ferrite magnet, Ba-ferrite, Sr-
ferrite, substitution, La, Zn, saturation magnetization,
crystal magnetic anisotropy
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Table 1 Coordination number and direction of
the magnetic moment of Fe®t ions in a unit cell
of M-type ferrite

Number of Wyckof's Direction of magnetic
Coordination number  positions notion moment per mole
12 k Tttt
6 (Octahedral site) 4 2 L
o o 2 a T
4 (Tetrahedral site) 4 f1 F
5 (Trigonal bipyramidal site) 2 b 1
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(1) 1/2Zn®*"+1/2 M**—Fe3* (M: Sn, Ti, Zr, Mn) or
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3/4 Zn?*+1/4 M**—>Fe?* (M: W, Mo)
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(G&HEAsEEAE) BRI %£1T - 7. gk
i3, ZKH 1180~1240°C THERR L €, MK & %5
L7, 7560 &> SHRER & REERRI A0
B 7o 2, 4737 0 vy A XoMhiTA
SECALT 2 oD ITRD THEITH 32V, B, & Hy DREE
Rtk i, BEREIAZ 56 X 6.5 mmh O IR (B & ¢ i) i<
MIU B 2HOWT VSMIc L 0ERE L. X 5ic, 5¢
X2 mmh O (a i & c HAEA) D b v fikR %
WES BT ik EERBKEAEER K) 2R 72,

6. LaZn BEEM BT = 54 MEREOERISMH

X RREH» S, 0=x<0.5 OHPFT M BESES 7.
Fig. 1 id, MTFEBBLU* = V) —BE (T.) Ok
24T, &Y, LatZn i3 MBI 7 = 54 rhicEHR
BEET2EYMasns. 22T, BIEROBDIEA & v
EYREoBEBVCLBEEZ NS, {La®t(1.14A)—>Sr2t
(1.32A), Zn?*(0.74A)—~Fe*+(0.79A)) C Ot B h
5 XBREE DS EM L, =0 T5.15g/cm3 x=
0.3 T 5.20 g/cm?)
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Fig. 1 Dependence of the lattice constants and
Curie temperature (7.) on the composition for
LaZn-substitution.
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Table 2 Magnetization (4zl), anisotropic con-
stant (X;), Curie temperature (7. and temper-
ature coefficient of magnetization (RT —125°C)

E of LaZn-substituted M-type ferrite, Mg-sLagsFe;ir
uZ: Zl’lo.301g (M:SI', Ba, Ca)
M arls (kG) K, (ere/cm®)  Tc(C) 4do/0/AT(%/C)
Sr 4.70 3.36x10° 420 -0.20
Ba 4.68 3.06% 10° 414 -0.22
Ca 3.85 2.56%10° 415 -0.20
In the case of M=Ca, «Fe,03 was detected by XRD.
8 Fig. 2 i, SFRY7 0 OFETOMAMBIL We: & —
£ THWTE) BXUCERFEME H,) 2R, @ik,

x=0.3 THRAME 4% i) 2 & -7, Hy SEBREDH
& & SIEFCRD L, x=03 THEREFEDO M T Ba

(o} 0.1 0.2 0.3 0.4 0.5 0.6 794 b @ﬁﬁ (HA: 18 kOe) EET&D - 7z, fJ&B, gﬁdu:
X in Srq_la,Fe12-xZncOqg

=] = 7| 3 > ¥ SHEL
Fig. 2 Dependence of the magnetization (V) HH%@%gg@ﬁﬂjﬂi@?ﬂﬂiﬁ{f& Lcz< 0)7::{%75 ﬁi
and anisotropy field (Ha) on the composition of ENTWVBY, AWFTIE 25 kOe F TORHIE T TRIE
LaZn-substitution. Lz b v 7 g o K1 2 & 2K 71k, ThEERAD

BUBIC/AET 2 T LIck 0 K 2E L1, Hald, 4xl,
ORIEMED» 5K (Ha=2K /1) it X EH L/,
— Fig. 3 1d, VSMic & O REZEREE £ TORaf#/Lo
f ‘. St1-xLaZn,FersOrs | REMEE S &0, EHBEICST AL (K- 7HTR)
0P e, B, | AFHLIbOTHS. In 453 ~T 4 BATKE (4f,
8| .'%A ' ] 48) AdpEE LT e X OHEM =0 T 20 s x=0.3
' T215u) ENFHEEBBEE—H LI EMD, Zn2F
f e ] 2, HOWEBD A, 44 FDFHERE Y TH B Fe*t %
“r 2 ] BT B AR, B A b ARET 510
Y S T TV, B, A RN T — SN, X Sl
e e 0 )= kU N EEERHT & O R TR & R
Fig. 3 Magnetization at lower temperature of IfT-> T BEMH S, Fig. 4 13, x=0 & x=0.3 O
LaZn-substituted Sr-ferrite. B4 239 7 =432 =7 bV &, CEME A B iR
21T - kR ERT
5O Table 2 i, SricfRATBafkidCal Ll KOS
BHOREART. Sr7 =54 bE2RN—RicLicdZ
BRLEAENELLD, FEROES LEROERERL
fz. Eto, AAVEBRELOSELTCLaliAS v S /A FT
- F (Ce*(0.924), Prt+(0.90A), Pré+(1.06A, Nd**(1.04A))

4f1

@

o o #7212 BP*(L17A) R & b AR OBRLSI/ETE 55, La
@
®

Calculated value (20 +5X0.3=21.5 uB)
/s
P Theoretical value (20 u B)

NB (uB)
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s = S AT SN TN DU TN SN WO U SN Y S N T S O 2b f))ﬁ@[ﬁfé%f))j{%lﬂf:bzl‘l @ﬁﬂ%?&iﬁ@j‘ckbif
> (©) x7z.

100

7. LaZn BEMESr 754 POES I v ¥ XH)4SH

88.5

Table 3 I3, KO X RENTITEREZRT. BRE
(x) 25 0~0.4 O&EF TIZ 1200°C DILETMBHELESH
fz. 1150°C LI FF 712 La & Zn BOZWHHK x=05) T

a9

Ralative Transmission(%)

98.5

Sry7lagsFer 7ZnosOie
ﬂ | & MM RIS~ 5 4 b (@Fe0s),Zn 2 ¥ % b

1 { [ [ 1 1

C
-10 s 0 5 10 (ZnFe0.) BLU AN Y 7 = 54 b (LaFeOs) S L 7=,

Veloclty(ma/s)

Fig. 4 Mossbauer absorption spectra of LaZn- Thid, RAEERALRANY 7254 PEREHLTME
substituted Sr-ferrite. 7254 VOBERT S EERLTVWS, Fig. 5 1F, x=

a8
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0.3 DHFLT 1100~1300°C THBE L 72 ¥HAD o-T HhifR
ARY, XBEH» S MBHETS - Th, FEBEHES
(T.=455°C) L EHIRY (T.=424°C) BT L, RERE
EA & & SIHBBIRADPHEE L., T0kSit, Lak
Zn BHEREBREE L IC WinshE FoRESBEIC

Table 3 Phases of the compounds Sr;_.La.Fejz—x
Zn,; Oy calcined at various temperatures for 1
hour in air

x| msc e isoc
0,0.1,02 i M, H M M
03,04 M, H.S,0 M M
05 M, H,S,0 M, HO M, (H)trace
over06 | M, HS,0 M, H,S,0 M, H,S,0

H: hematite, O: LaFeOs (ortho-ferrite), S: spinel ferrite

Sry«laFeq-,Zn, 0y
e X=08—
" 1100T 1150 1200C 1250C  13p0%C

— x=0

11007-1300C

466+2C

Vi //’ ’

424+4C
Fig. 5 o-T curves of LaZn-substituted Sr-ferrite
powder calcined at various temperatures.
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135, Fig. 613, x=0.3 OO RER O SEM % R7.
1250°C PALIc# 5 ERRESH#ITS 579, #7320
V4 XORFAIE B 1200°C FREE OIRBEE R Hs 8824
TH5.

Fig. 7 3, 1200°C ok %W CrERI L 7o A M4
A OSSR, (1180~1240°C TAMER L /2
e, BOEV BH)max & Hi/Hoy 81850 530K %8
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Fig. 7 Magnetic properties of anisotropic ferrite
magnets created by using LaZn-substituted Sr-
ferrite.

1200C

1300C

Fig. 6 SEM images of calcined
particles of LaZn-substituted Sr-
ferrite.
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WL/.) x=0.3 DML T, SEFE{Ls LU B dkicH L7z, Fig. 8 i, x=0.3 OBEEAED c BOMBE L U7 0
200G Al FE L7, Hyld26~3kOefBETH -7z, F 7 BEAHEI UCHEIL R ES A ERT, T, Mk
0.3=x=<04 O#iH T, E _RBOAIEH: (H/H) D588 FOHMBXEARIR, x=03 OHEKDEEIZH 0.79 um
LREESH, FBEBROBE (097 um) L SHFT/HE L,
Hy 73 3kOe LIT QHBBHEWEL 8 - L BRD—>2 & L
T, HEXATFOZSMET Licl ENEBEZ SN 5,

98
96 _
\:\5 94 [
£
S 2f
I
90 F
88
4k
3 35
n =120 x=0.3 s
,q 1220°C:X 1hr £ :
30 “ 25 L
- q
g 2 L - e
g 20 0.01 0.1 1
g Oxygen pressure (atm)
e Fig. 9 Dependence of H; and Hy/H. on the
10 /} sintering atmosphere of LaZn-substituted Sr-
o/ KXP ferrite (x=0.3) sintered at 1220°C.
O :
0 Table 4 Composition of grains and triple points
02 0.4 %6 ,0'8,1 (um) 8 of LaZn-substituted Sr-ferrite (x=0.3) sintered at
. _Granszetam 1220°C and analyzed by TEM-EDS
Fig. 8 Grain size distribution of LaZn-sub- e P - =
stituted Sr-ferrite (x=0.3) sintered at 1220°C in |:s£2r:?r||: 3:8 2; 1; o.: o:s 14
air. (a) SEM image of grains, (b) Grain size Attriplepoints 93 38 169 70 04 11
distribution (c-plane). (at%)
411 (kG)
-5
Br
Br=4.60 kG
HcB = 2.55 kOe
Hel =2.60 kOe
Ir/Is =98%, Hk/Hcl =94%
(BH)max = 5.2 MGOe
ABr/Br/ 4T = -0.20%/C
(25~125C)
2Hcl/Hel/ 4T = 0.31%/C
(-50~25C)
HkOe) H(kQe)
| = |
5 2.5 0 10 20
Fig. 10 47z]/-H curve of the developed material with high (BH)nax.
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LaZn BRI 7 = 5 4 b 3BPERRE L FESIC L TH
BOBLETH B, ZORRE, Fig. 9 1RT LI, FEBEH
(x=0) DHE LT Hy BLU H/Hy BDREELT 5.

Table 4 i&, TEM-EDS ic & b BekEfAD 7 L A YRR E
CEEOBSES LIBTH B, HEREEFIE LTERML
72 Si & Caid, BHOShic ZHAEMTRIT LS, La &
Zn i HOWVWTIR IO LS WRTEED Shish - T,

8. 5MGOe #8257 51 MHEADEHR

Fig. 10 &, x=0.3 OfEKTH S h o &R OmiAL
HEAE RS, EROME 7 = 54 b TRERATRET
Ho146kG EVWIEVB BEON, £ DFEE 5 MGOe
AHBZ B (BH)max DI TE SN, B, OIREEME IRER
LEIERISTHY, Hy DEREBERETHRESI N,

9. BbH VU IC

ANER7 =54 VREGOBESRIZ 40 FEL Eic by, B
W bR 2 SN LT ERAND S, S5, BHE
TNz LS, BAMBIEDLIF 7 = 54 MGG
BECTORLVEMMBS S, LoL, ARBIRLcX I,
Wl BRRTT o —F2(T-720, &KED 7o+ ZEHH
LU ThE, FRESTIRIIBEISATVS
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