<=5 Journal of The Korean Magnetics Society, Volume 7, Number 1, February 1997

B2 %{2|7} Ba - ferrite2| 2440f| 0|X|= A

=i

.S E=W.N
=S

o

&=
’7|:1|°-_4'I

* Magnetic and Electronic Materials Research Laboratory,

Department of Metallurgical and Mining Engineering,
University of Idaho, Moscow, 1D 83844-3024, U. S. A,

st () &

ool 2, QA W ghelF 587-102, 402-040

(19964 129 69 ®Hg, 1997 24 109 F54 L )

% 8+3 Ba-ferrite @] <434 7 52 +43 Ba-ferrite 9b& o} = A vepylch
o Z7h3letrt hA] 3Rl dbe o] T—rc& Ba-ferrite = A& 7+ 43}

o] ¥l 2lof| 4] %34 Ba-ferrite ¢} .=}
Al 233 Ba-ferrite ] gelabd L 28ls & %
TzEe adE A5
o)z ul, 2ekA o A =

Z AA 7} =] a-Fesol £
2 3A F71egdcth ol W) BAlE RzE s 2 W

R ut 27 H A AL chz A vhebylch 1skAlol A BAbE 2
BaE o] B % Frhsta AbsbA gl w]zed A o]
%}4 BaFeO;-x ¢ 4 o2 He
o] 2] °t}1}:17l__

Fed 25 250 CellAl 520 ¢

d < ol ubz} 3%A| 2 vpr o) At 17} 2xbA ol M Ba-ferrite @

Z7 ko AbsbA 2] 4 71
. 21|} 3gkA| o A 3= Ba-ferrite
= aA st 253k 130 emu /g o
dastglch £ 2 gl 252 B

4ol 4] Bafertite 61 ¥ 515 A 5L0 0], 24+ 46y, 2b o 12k AHele] A ol 5ol fy sk 12K'5] 2o
= ol 5ag shalstalch, abebal 15} 2ub Aol Aol nake] F7hol e Aol &e] AtelolFol abE wuAlH 4

o 414w ol gleh.

I.M B

s A7) E4e s AdEa ods 233 Ba-fer-
ritet 0.1 @ olske] zm)Eats hob HEH o] §
s5han o - shelH o 2 olA dle] data tapeol AFE-E
7} A)=baledc), % %3 Ba-ferrite ¥0e] whd o 7 &

o] AbgElE A A Rdol wldte] 2 shakstgre] wr) wf
Fof 7| &alate] HolH4-E tapeo| MYEFH o] 7hiad}
A et (1] 2ehy Z1S5U et S 71 Sk
7+4.51] tape 4‘3%“& 71 &5zt AH8-E|E 2 tape 9]
Al Zee oA Yo} tape o] A A 7] 9f AR o]
) & 7]l 3 71] o), weld Algsl= 234 Ba-
ferrite ®uhe 7154 2akabEgke] o B1 Ak E

o ztem] waleo] o ¥ Ao e ek [2~4]

:l:

Z3kAbakgko] W v S F25b7] gt wle g = Ba
ferrite b Ao Z3AEE Folw (5],
tape A|xA] FHol+ Ba-ferrited% Wiol Co-V-

Fe,Q; 52 a-Fezc 2 olZavs: uh (6] o =
7152 xS ol ub [7]¢] gt} FHaAl tapeo%l*%

2.7+ MR hea AOL%;Z;}

E
Ba-ferrite #2 x}xﬂ./] zzq—x} s
23 Aol e F | ghakg Ao

2o 7313813k 7 spinel ferrite 5 Ba-ferrite &
ol gudol A7l A [10] 9 sbd A elol] 2|l
Ba-ferrite 4l a-FeZ 354171 = {11]e] 2l
o}, o] FollM iAol gal a-Ferl & A3

Ba-ferrite 22t A=A a-Fee] AJAdke] F7Hglol
(2]

ool RS Sohelnl, of W wue] wAHE &
48 Ba-ferriteoh chzAl Frlelehoh adebn @

). [11]

wlebd] 2o FolA e #AAE st a-Fert v
2318 Ba-ferrite 27h-2- Al 23 YA 5ol & a
Feo] A4} »apgdo] Frlsls 4els oty vzt
ghch,

sl

A%l 21318 Ba-ferrite 222 F2f -2 4 shyoll

oe A=z(12]519em, 2 242 BaFey,CoosZngs
TigsSnesO o1%ich, =3 43t Ba-ferrite #3-2
FEom xar)zh 1 mel Zig ARgskolet. S8l
712 N, :H, 9] ¥ 100:50 cc /min, 22, 3Hg]4]71-&
1 Azkez dAsA o gl g s Adde
stoict, ghdAelgl Eubd oirlo] elgk AsE YAt
7] $1s8h tolueneoll # A 1Z] F Aol 7dz3koict, &
AAgd pabel dxte] P4 5 27)= TEM ez 33




stglon], AV B4 pke) wAY gEEE A8
=4 2AHA (VSM) o2 =331t 84 oﬂ w2 7
Aol BA4e XA 318247 (XRD) 2 843, g4ex
of W& FAAETL dFF *M(TGA); 44 29)7]
Blol| 4] £&4% 10 C /min. 2 dto] ZA3c) vt
slelAelof] wbE x| Fto]2e] AFZ dolnr| 2| dd

Moéssbauer spectrum-2 Z34 3}9ich,
m. Ay ¢ g

Fig. 1& %833 %43 Ba-ferrite 322 g4
o B wxiedzt zakxlslzhe) Wsks viebd Zlolch

3k9) 25 7} Ab2ol| 4] 520 ¢ 2 Z7}atel ulel 4+4-4F Ba
-ferrite & ¥ 482 2003 Oeoll4] 145 Oe & A% Zha
stdc}. 2|83 Ba-ferrite ¥2He] 3-9-& BA o] 350
7k 938 Oeoll4] 1841 Oe & 2R = Z7}sicts}
olate} S eEolAE Zhastod 520 TolA 347 Oe %
el et 3ol uhE wx13 wste] A A
By Aze} FA1E 7S Jeblglond, 2133 Ba-
ferrite #2to] Bala F714delS a-Fedl Aol 7]l
2 strain induced anisotropy %718} x3te]lo 7 &
0|7} Co7} aw#l# 9] Co-Fe &€ #A87) slr22
dxslz ek [11] 2333} +43 Ba-ferriteo] X
ax}abghe 350 ¢4 FdA e sl Ael wlE] oft 3
23dxut, 450 CollA 443 Ba-ferritex 5.5
emu /geo.g2 AA FrisHE dbde) 233 Ba-ferrite:=
62.6 emu/go.g 238 Z713L ¥oiFelch ozt

FALx 520 ColldE E o 130 emu /g ol4tez 2
A Frksld e

2500 150
2000 | Bl oo -{120
1500 90
c Os
(Oe) (emu/g)
1000 | 4 60

500 | 5 pireHe wsubs. He N N ] 30

©pure-gs S subs.-0s

0 - - - 0
0 100 200 300 400 500 600
Reduction temperature (*C)

Fig. 1. Change in coercivity and specific saturation
magnetization of pure and substituted Ba-ferrite
particles with reduction temperature.
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Fig. 2. XRD patterns of Ba-ferrite particles with re-
duction temperature ; (a) pure Ba-ferrite, (b) substi-
tuted Ba-ferrite.
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Fig. 3. dM /dH versus H curves of substituted Ba-
ferrite powders with reduction temperature.
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Fig. 4. TEM micrographs of substituted Ba-ferrite
particles with reduction temperature,
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Fig. 5. Re-oxidation effect on coercivity and specific saturation magnetization of substituted Ba-ferrite particles.

ol 7] 93le] FaFARYNE dho] dFFRA(
TGA)S & A 32 vebd Zlo] Fig. 6olch. Y2
o W& 3% Ba-ferrited] IUAE2 3ctAlZ v
o]Z A o)Folx: k. 700 TR F FARTEE
24.1 %o|™, o|Z & o)Al 43t Ba-ferrite9] Ak
g2 27.3 %ol vlwal 2 o} 88 % HE FUEAUT
vebdich 1541 3kl2x 30~280 T7HRlE 54
leke 12 %2 ulu|slgde), S8l 280~410 ¢l
A 2l TAZEke] 7.8 %2 24 Fvhskich 134
AR = g A A R o] ZrbEhs ol g el
Wx|at S xpol wll$ charl, 18AlE AbshA 4]
BR}elo) sl Ao n wAH BF e} FA el al
bAoA = Abskx 2] 4] BAlH o] w7l Hol w A}

wo b

Y

NN

1st step andstep 3rd step
100 t t

.90

,\':

2so

=

D70

(Y

260t
1
481

0
30 100 200 300 400 500 600 700
Temperature (C)

Fig. 6. TG and DTG curves of substituted Ba-ferrite
powder with reduction temperature, (20 C /min,, H;)
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Fig. 7. Mossbauer spectra of substituted Ba-ferrite
powders with reduction temperature.
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Mossbauer parameter.
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Physical and magnetic behaviors of reduced Co-Zn-Ti-Sn substituted Ba-ferrite particles with hydrogen
are different from those of reduced-pure Ba-ferrite particles, The coercivity of substituted Ba-ferrite
particles shows a peaking effect with the reduction temperature ranging from 250 to 520 ‘¢, while the
coercivity of pure Ba-ferrite decreases monotonically. The reduction process of substituted Ba-ferrite has
been found to be devided into three steps. At the first and second steps, the magneto-plumbite structure
maintained. When the reduced-substituted Ba-ferrite particles are reoxidized, the coercivity is reversible at
the first step but irreversible at the second step. During the third step of reduction process above 410 C, the
magneto-plumbite structure was collapsed with formation of a-Fe and BaFeO,-x phases and consequently
the coercivity distribution is broaden and the coercivity irreversible, The coercivity and saturation
magnetization decreases and increases up to 130 emu /g respectively. In this study, it is found that the sub-
stituted elements prevent the magneto-plumbite structure from collapse during the reduction process and
furthermore migrate from the magnetic sites of 2a +4fy, 2b, and 12k to 4fy and 12k’. An increase in the
coercivity before the collapse of magneto-plumbite structure is attributed to the migration of cations in hex-

agonal Ba-ferrite structure.



