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Abstract

In this paper, a study on the improvement of the magnetic properties of anisotropic strontium
ferrites is described. The specimen was the basic composition of StO-nFe:0s, and n=5.9 in the
nonstoichiometric region was chosen for this study. After 0.7wt% CaCOs and 0.3wt% SiO: were
added as basic additives and then the added composition was calcinated, the various amount of
Na:Si0Os was added in order to increase coecivity.

In order to further improve the magnetic properties, Cr:0s and/or Al:0; were added to the
above composition. According to the experiment results, the better magnetic properties were
achieved with the addition of 0.5wt% Al:O:.

Another improvement was obtained by changing the isotropic strontium ferrites to the anisot-
ropic strontium ferrites. With the final composition(that is, the composition which consisted of
the basic composition, hasic additives, 0.5wt% Na.SiOs and 0.5wt% Al:Os), (BH)a was
1.15MGOe for isotropic strontium ferrites and 3.23MGOQe for anisotropic strontium ferrites when
the sintering temperature was 1210C. In other words, the anisotropic strontium ferrietes had 2 or
3 times better magnetic properties than the isotropic strontium ferrites.

On the other hand, the Curie temperature, T., was between 410C and 420°C for the isotropic
strontium ferrites, and between 439°C and 445C for the anisotropic strontium ferrites. That is,
about 30C improvement in th Curie temperature was obtained by changing the isotropic stron-
tium ferrites to the anisotropic strontium ferrites.

% ZIXIEGL A3
* % ;WA st AR F e
* %k D FA NS AT

-329-



Sr-#HgelE o AVIEA A #F A7

1.4 E

Sr-#l ol Ex 19639l Cochardt# Vel
9lsleo] Ba-HiFolES} 22 nfavlE -4t
o]EY Sr-#MolEY MEHMHS TRIS
g, old A& HE Sr2 Pbol vlEsd 7y
1, o]l&utAoc] A7) wWEol ¥SLHET WE
I, EREEHel Fov, AVEAE 5
Aoz yige . ¥

Helol EREA-S Befkipol 7] di & (L2
oz Az, Az gow, @ER
Ade ZH W2, FZ £HEE WA
Sr-#igolER WA=l slon|, FHER,
e, GHOWEERR, SIERE 2 EIHS
5%, 2e3 2 MO E2EA 4
ol Qlth.*

B A7 HE EHEE, P 2 BEIL
Zajo] ot Sre-FlelolE o] BRERFE MAAES
R0z PRl WA HEH] ML
'?’]?-5"0'1 SrO'nFean°ﬂ*‘] n=5.99] 7]?:_%-}\6]
of &l tREA ol CaCO:9t Si0:9] ¥& W3t
A1 A F7rea, BREF Y Na.SiOs, Cr0s
2 ALO: ¥& HIAFNUA HAG
Azg B RAHY ZHMEY F/HA &
92 AR AFsdn, HBEH(H:), BE
REEE(Br), &ANUAH[(BH).], R
BERNE(c,) 2 FIHYNLE=(Tc)EE =
Atste] BEEEME MY 2 2§48 s
thatd mEs .

I. A= Az 9 54

B Ao AHLE A9 7jExgde A
Ao vz ¢ egE 249 39
Sr0 : Fe:0:=1 : 5.8~6.1At0lol A A 7}E o
e HAA ZAuE 2ASY. ¥ 12 AW
o] 24¢ Yetd Aoy, IH, KR HiK
S dAste, EES A7 s
12 H7MA A 0.2~1wt%e] CaCOs°l 0.
3wthol Si0:2 BT RS RENEL
o, ke 4o B4d 43S JA
I BEEENS Eol7] 95td, oA 23 A7t
AzA 0.5wt%HS] Na.Si0:E 7oz 314,
Jutr oz ¢zle] ZYAAS WA Fe
0. -wt% 9 1wt%e] Cr0:9F 0.25~1wt%2]
ALO:E 95 T+ B3 Heg o).

—330-

293, BHE JAE 157 A3td 24
Azte Ao, NHS A RS
tel AL 77 ¢Eded, BAG#FEHE
8kOeo) BARFAAN FZ3Hs A

£1. AHg 24
Table 1. Composition of Specimens.
Basic Befure After calcination additives
calcination} el Bl S
composition ladditives Basic Ist 2nd
( A group } {1 B group }| & € group : {{ D group yit E group )
R ISR SN S A ]
5r0 5, 8Fex03 — — e —
[a1]
Sr0- 5. 9Fe204 {0. 2wt%CaCO3 _— — —
{az] 0. IvtwSiO2
{B1]
0. 7wixCa(03:0 25#tx\az5i03 — —_—
0. 3vt%5i0; ()
(B2}
0.5 wtxNazSi03 {0 5wtxCr203 (0. 25wt¥a1203
{czl (o1} [E1)
0.5 wi%Al20q
[£2}
0. 75wt%Al203
[E3]
1%t%Cra03 —
{02}
0.5%t%A1203 —_
[D3]
Iwtxdl 203 _
{D4]
0.75st%Naz5i03 —_ —
{w1%CaCOs -— — —_
0.3%txSidz
(B3]
Sc0- 6. OFe203 — —_— _— —_
(A3)
SrQ- 6. 1Fez03 e —_ —_— -
[a4]

BrE: 245y 300C/hr2 3Yen,
=4 2 KM T 1190C, 1210T,
1230C 2 1250CelA 22 1413 B3R
o,
agn BEgEd B dATz(vavE
ZPulolERZ) 2 YRRV BEAEE
9 Y3 #AL ATV A3A EEHET
BEf%sE (Akashi Co. DS-BO SEM)& AH&-3
At '

Baec(Iddde)d wgex(lgA
¥l )= TG-DTA(Shimadzu Co. DT-30)%
AT Tk, A DTAE 100#
V. TGE 100mg/%, £2& %€ 10C/min %

=



AN AAAES A A 58 A 33, 1992d 9%

AELE 2 5mm/ming 2HUoT FYPouw,
<5 HY+E 23~1300C = &),

4, REY £ MAS X-BEREE
(JEC, XRD PW1710)2 #Z35ch. Hh
< 35kV, 30mAR 3 om, & HWA(26)
£ 0°~70°°]%i .

Sr-dlgtelEX e BEZ{LY) T2 BER
Frtkol Wste REFFERRIEH(VSM-5-15,
TEM-WF86R-154, Toei Kogyo Co. Ltd.) &
A&7, AR 150k0eS 78ty
ANAL FE38 EANNFE 2xisdd o
HNBEAENE(0 [emu] )2 HEE 2438
At

BRRES A5 A3 282 B-H AR E
# o] A (AMH-1050-50, Walker Scientific,
Inc.}& A839 B-HIZAH 9 M-HZHNE F
3ot

L sl -:,».
3

15Kkv 10.0 Kx 1.0 im

(a) n=58

15Ky 10.0 Kx 1.0 pm
(c) n=6.0

a8 1. 1275ToA REAR g9
SEM 1A

-331—

dAA7I1= D=kPY A& Al&si9on,
q714 D& FgkiTol 271, P A9 9
g2 3 APN(AN = AZE A
Hagd)ol mAste He W, ke A452A
Heloleg HF9 1.568 ALgEr},

m A4¥ 9 =23

29 1(a),(b),(c) Z ()= 1275TolA 147
IREAN T n=5.8~6.1ZA9 dA=AVE B
< Aol

E d3diA Ad3 IREEEE TGDTA
o} X-fmEinathe 2xn g 1Y 7@ Aoz
A Z1RZAL 1275CAA HHES HAR
Z4L 1250CAA 2474 BEs k. 194
A g 4 e npslgo] p=5.99 AL K

1 5Kv 10,0 Kx 1.0 ym
(d) n=6,1
Fig.1. SEM bpicture of calcinated
powder at 1275TC.



Sro#gtolEe] 7154 Ao B AF

A7 TYst, 2~34#4m A7) A
BEHEKS 498 & AU
Eﬂ', n=5.9-9] 7]%—%)‘3‘)]] CaC0394- Si0:

A7ksted, TH-DTAY Ao uwet
1250Col M 1A ES FEAND 229 4%
5 2% 2~3#m 279 AL BESAE
A & AU

a9 28, B REREEE ZAHN A
] Z]BEA n=5.99] Al WA
TG-DTAAR L FAo=2AM, 800~1000C
Atolol A e e AE ERES [ &
AZAN CO.2 HAo) ug AJFFLe FT
2}(SrFe0s-» : Perovskite)ol #Asw, <
1200~1300C Aloldl N+ MERES 1
A=A Sr-H o] E(Sr0-6Fe:0:) 7}t HyAd
Aoz AZEY,

=%
=

s 8

2
=

Yeight change (wix)
Hicrovolts (aV)

c r ot * 3
P

—Y

™

=1

200 L 600 00 1000 1200 1400 1800
Teaperature (C)

29 2. TG-DTA #4323 (n=5.9)
Fig.2. TG-DTA patterns for the sam-
ples with n=>59.

E, I¥ 3& 71EZFA 0. 7wt%CaCO:9}
0. 3wt%Si0:& #7182 7§ TG-DTAS
2EqFAFRzA, CO7t dAste [ @A77t 7
ExA9 ALEte 100CAE € 700~
900 CAtelell A doiyter], Sr-slgtolE7}
AREE (VA e 712249 Ay 1
t} 50C 2& 1150~1275TC Al Loyt
ol AL CaCO0:% Si0:9 A7tz A% o
E3le 2oz Azpdd. ™

g B dFodiHe TG-DTA 23l o
2 1BZAL 1275TCIHA iBEstd e, 7
BEHMAE A Afoe 1250TAA &
#Eatch

Oy 4€ Z1BZAE 1275CHAA 1412
AN ARz 7

A

Seight change (wix)

2 9 8 38 2

—— O

T T

P R Y
Kicrovoits ()

2

[l

O

¥

2

%

»
2

6 20 o 60 o 100 120 1400 1600
Tewperature (T)

a9 3. TG-DTA ¥44%
(7122 +712 A7)

Fig. 2. TG-DTA patterns for the sam-
ples with(basic composition+
basic addiitives).

1.00K
(114)
(107)
Los
(She (008)] |(203) (2011) '220)
(110) (209)  (217)
(206) (2010)
(207) (209) (2014)
1 1 1 1 N 1 1
5.00 2000 5000 4000 5000 60.00 70.00
26

-332—-

29 4. 1275TAA REAN D 71224
9] X-gEAdgd

Fig.4. X-ray diffraction pattern of basic

composition calcinated

1275TC.

at

X-#@Eirnai 23E Jeld Aok, 1
A BE uieRo] v EZ Hulo|E e
2 olFoA AAL & F U

aY 5& VSMe = A3 ShHks B
# Sr-#HElolEe &L EASL Ygd Ao
. AJHL F 20 vERE wielEo], E 10)
Az 2geith 43 548 JEY AE e
Ao, 20~600T 2HMN FHAMREL
WEZ 3T Aol

aeld & F Ue us ol FHHN



A71AAA8 e8] A 58 A 35, 19929 99

==~ Isotropic

¢ [emu/g)
=

T 416L\\

50 100 1’%0 200 250 300 350 400 450

Temperature ('C)

a3 5. FShS BRAE A9EY 2%

=
&4

Fig.5. Temperature characteristics of
anisotropic and isotropic speci-
mens.

RTHEMGY MBMAREZAESY sole
10emu/gBEojA 7 &0 g zZAa7]g
Zle A9 Aoy FYLE(Te)e %
it AR BRAMA B4 25CHE
=4 JdeEtd. ol BAKS B39 A+
BN BREVETL c2og HEHo =7
o wido] dAEA HAM, gk YA
= 8ol fEdtd, 2xdsdE 540
Ml kY] WEQd ez Aztdy,

& 3& # 19 Yebd AEEY (BH)wE
Uetd Aoz, BAA & & e v 2
ol Al, B2, C29] Al#Ho] & 2FA 713
2 (BH)wnE Wet AT

# 2. A ABY FEex
Table 2. Curie Temperature of anisotropic
specimens.

—— Anisotropic

x 3. A~COE AH2] (BH)max
Table 3. (BH)max of A~C group
specimens.

Specimen No. Sintering Temperatur(C)

1210 1230 1250

Al 0.95 0.83 0.57

A2 0.85 0.76 0.53

A3 0.81 0.72 0.50

Ad 0.76 0.66 043

Bl 0.76 0.71 0.38

B B2 0.95 081 054

B3 0.84 0.76 0.44

Cl 0.98 0.86 0.65

C Cc2 1.07 0.96 0.81

C3 091 0.73 0.38

Anisotropic Isotropic

Specimen No. 5 oo TD1 [ D3 [E2] D3

Curie Temp{T] | 445 | 442 | 442 | 441 | 439 416

E 4v X 194 A1E, BOLE ¥ C2E
z4¢ AsEA 22 Y s
) ‘EF 5]'% ]’]'E]"{“_ }—-Agoﬂ CIAO39+ Ales
BgA7tsted BE DAEY 24T,

-333-

B 4. DIO§ AH¥E =4
Table 4. Composition of D-group specimens.

Sample No. Dl D2 i3 i}

S059Fea | S0-59Fels | SO-9Fels | S059Fela
07thCaC0s | 07wihCaC0s | O7wthCaCOs | O7wtXCa005
Composiion | 03wtkSi02 03wikSi02 03w%Si02 03w%5:02
(5wthNaSi0z | 05wNasSi0z | O5wtkNeSi0z | 05wiNazSi0e
05whCrls | IwthCe0s 05mbAl0: | 05 3

I8 63 72 B 49 24, &, 7|2A 74
+0. 5wt%Na:Si0:9 0.5wt%St  1wt%<)
Cr0a, 0.5wt%et 1wt%e ALOZ A7}s A
o BEREC 02 BRSNS SEMA
& JeEld Aot}

2PN & F A= vhebEo] Cr0:9 ALO;
E AVME AS g HTRES JATe
24 & (BH)m® A€ U oJHE
SEM ARG A B& H}Q}QOL cFo Az
ko g frfel 7hA = A maHo g
7 &R AUsle 9% AFAE£YT9
Z712 (BH)we’t 2A A E oz H7d
th EF TN ¢ F SlE uweh 2o
Cr:0:9 7 T 43L& 2#m ZoE- Al:0:9 74
o= q;ﬂo] 2rmBT A JdRsto, %’JZ}
A9 dAlade ALOE 5% Aoz U
El kT,



SresigolEg 4754 Aol #B A7

12}
O bl
r A D2
0 o3
10 ® N4
g
X
g s}
2
"
:
2
T
= sr
4t
i A 1 -
1210 1230 1250

Sintering Temperature (°C)

a8 6. 71B2AA+7I A A +0. 5wt%
NazSi03+ (Cl’zOﬂ, Alea)QJ ﬁﬁﬁ
et

Fig.6. Magnetic properties of basic
composition+ basic additives+

0.5wt% Na:SiO:+ (Cl‘an,Alea).

38 82 ABCD 2 EaEFAN 13 F
L BEEHS JeEd AHgS AAsto, B
A BEEREsted BEAND RAUEEY
(BH)nu® YEIR Aolth, dutx oz R

AN HEA REELEL BLtESHAY
cHFe g BE3A Heg, MMBERERES
3712 4% (BH)w® & 718 71U +
itt. wekd, 38 99 SEM AMHA &
T e vt Zo] YRFANN HFY A$
AHe) AL L cFol HPsA DA
ez, BEHEe FEEAdn Yztdc
FhHEAME F2 BERES e, e

32F

omrel>oO
Mmovooo
[Ny

(M- GOe) X 10-!

28

(BH)max
T

U

e

L "
1190 1210 1230 1250

Sintering Temperature ('C)

a9 8. RIMMEY (BH)w 3
Fig. 8. Variation of (BH)n« of anisot-
ropic magnet.

1 5Kv 5.0 Kx 2.0 m
(a) 0.5wt% Cr:0;

28 7. 721223+ 712 A7 4+0. 5wi% Na:Si0s+ (Cr0s,

5.0 Kx 2.0 ym
(b) 0.5wt% Al:Os

AlOs)¢] SEMAHA

Fig. 7. SEM pictuure of basic composition+basic additives+0.5wt% Na:S105+ (Crz20:, Al20s)

—334-



A7 AAAESIA A 53 A 33, 1992 9¥

1 5Kv 5.0 Kx 2.0 im

ag 9. RAMBAS SEM A
Fig. 9. SEM picture of anisotropic
magnet.

ZAA+71 2 A7 +0. 5wt% Na:SiOs+
05wt% AlLO:9] ZA& RHFLAN AH 3.
23MGOe8 (BH)m® €€ 4 AUTH

a9y 102 @4 dE Keghel
W3lE Jeld FHolg. dwrdoz {RELHol
Aadte 9939 e e BREEES
AA7Ee] Bk AP AR ZAEBLE
% HEHHY #A2E & F drH, o
H3 AR YA EMEF oFd SBIE(poly
domain) el ulAWEA RtE 3o &
Biel AR sHA HojAA .o

meld B dFdMe &2 AHe 42
7o e BAHe) H3lE A 23 R
$ol gate] 27 HEo] FHAFHoE Fa
31 AL 4 ANh

N.Z &

ol M 7l=g nis} o], KFH Sr-vl
ol E O HMEFME HES AY I7E T3
o 37 e e I
1) ##aidl A7 CaCOs9k Si0:9 0.

7wt% CaCO0:+0.3wt% SiO0lA 713 E

& BEFES JYei A
2) Si0: Na:.Si0:& #7tgt A%, H7F 0.

S5wt% Na:Si0:014 7} F£& 5438 Yl

Wi
3) HFEESY A ase CrO:Bthe ALOs

A7rel A7t A

-335~

1He (kOe) X10-!}

32t
28 |
24 1
20t

T 1 1 1 1 ' 3 Il L

4 6 8 10
Average grain size (us)

29 10. Sr-#HeelES HAJYAAT
of we REH Wt
Fig.10. Variation of intrinsic coercivity
to the average grain size of
Sr-ferrite.

4) 7NBZA+NEAAA(0. Twit%h CaCOs+
0.3wt%  Si02)+05wt%  Na:SiOs+0.
S5wit% A12039'] }-AJ"“*‘], %ﬁﬁg 73'?‘
(BH)me=1.15MGOe2 54& A 2n,
£HEAN AR BE  (BH)aw=
3.23MGOed & 54& d¢ F AN
o},

5) #eExs ZHHAHEY H$ Tc=410T
~420CeoIRen, RAH A8 A Tc
=439C~445TC 24 R 2% %
30C7HF o &%t

6) YA BENE 99 BEME
7t &L #JdsH.
oldz e ZAuz BE BIHIA

o3t} AzE SreddolEE, 1210TAA

B A Ho 7Rz ¢+ BESTES

RE ZEa glgo] AJAHAL M ofel,

E3] 71 224 +0. Twt¥% CaCO0s+0.3wt% SiO:

+0.5wt% Na:Si0:+0.5wt% Al:0:9] A|H&

KA oz A BESEHEANAN FHED 3

2RO o 300%AEe] HEHERE AL

F d%en, ol £ 28 AY ERETF

2 O HEKE T FoAAZAH AHEE 7}

% Aoz gAdh



