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ABSTRACT

Barwum ferrites (BaFey Oy} were synthesized at the various temperatures by the coprecipitalion-
axidation method. X-ray diffraction Rietveld analysis for harmm [erriles were performed, thewr micrastructurcs
were observed and therr magnetic properties were measured, in order to analyze the crystal structures and
determme Lhe optimal temperature of heat-treatment. The barium ferrite, its average particle size 80 nm,
was formed at 600°C through the hematite {(o-Fe 0], but the site vecupations of the Fe's in tetrahedral and
bipyramidal sites and of the Ba relatively low. Increasing the heating temperature, lhese accupations and
the magnetization increased, and the crystal c-axis decrcased. These changes were very small at the heat-
treatment of abave 800°C, but the particles were rapully grown. It 15 suggested thal the optimnal temperature
of heat-treatment is 800°C, at which lemperature crystal structure 15 relatively stable and Lhe particles hardly
EVET grow.
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Fig. 1. X-ray diffraction patterns of Ba-ferries prepared
by heat-trealment at various temperatures. (a)
600°C, (b} T00°C, (c) 800°C, (d) 90G°C and (e}
1000°C



Table 1. Lattice Parameters and R-Factors of Ba-

Ferrites.
Heat-Trealment Lattice R-Factors*
Temperatureg Parameters (A)
(GC) a c pr R[
600 58917 | 23.206 | 0.112 0.018
700 58919 1 23.205 | 0.102 | 0.022
800 5.8022 | 23.202 | 0.103 0013
900 589231 23.200 [ 0100 | 0015
1000 5.8923 | 23199 | 0112 | 0.022
* R"faCtorslm : RW[‘: [Z\V(Yub: - Yv:al )2/'2“ (anl:,)z]]:‘z!
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Table 2. Atomic Positions, Isotropic Thermal Parameters and Site Occupalions of Ba-Ferrites Prepared by Heat-

Treatmenl at Various Temperatures.
(a) 600°C

Atoms Sites C.N. (block)* x y z B (A% P+
Ba 2d XI(R) 2/3 1/3 1/4 (.75 0.87
Fel Za VI{S) 0 0 0 0.70 1.00
Fe2 de V(R) 0 0 0.2553 0.82 .41
Fe3 4 IV(S) 173 2/3 0.0271 0.50 0.90
Fed 4" VI(R) 1/3 2/3 0.1897 0.70 0.94
Fes 12k VI(R-S) 0.1689 0.3378 -0.1080 0.72 0.93
01 1e (R) 0 0 0.1507 4.50 1.00
02 4f (S) 1/3 2/3 ~{1.0546 0.50 0.78
03 6h (R) 0.1802 0.3604 1/4 0.50 0.89
04 12k (8) 0.1522 0.3044 0.0525 0.70 1.00
05 12k (R) 0.5014 1.0029 0.1483 0.70 082

(b} 700°C

Atoms Sites C.N. (block)}™* X ¥ z B (AH P’
Ba 2d XII(R) 2/3 1/3 1/4 (.49 0.9
Fel Za VI(S) 0 ) 0 0.49 L.00
Fe? e VIR} 0 0 0.2595 0.50 0.49
Fel 47 (s 1/3 2/3 0.0274 0.50 (.96
Fed 4" VI{R) 1/3 243 0.1899 0.50 0.98
Teh 12k VI(R-S) (.1691 0.3381 -(.1083 0.49 0.97
01 4e {R) Q 0 0.1492 .50 0.99
02 4f %) 1/3 2/3 “0.0547 0.50 0.97
03 &h (R 0.1761 0.3321 1/4 050 0.88
04 12k (S) 0.1549 0.3099 0.0520 0.62 1.00
05 12k (R) 0.4990 (1.9979 0.1501 0.50 0.91

(¢) 800°C

Atoms Sites C.N. (block)* x y P B (A% 238
Ba 2d XII(R) 2/3 1/3 141 0.45 0.94
Fel %a VI(S) 0 0 0 0.47 .00
Fa2 de V(R) 0 0 0.2580 0.70 0.50
Fe3 af™ Iv(s) 143 2/3 0.0273 0.64 0.99
Fed 4" VI(R) 1/3 2/3 0.1399 0.72 (.99
Feb 12k VI(R-S) 0.1684 0.3367 -0.1082 0.78 0.99
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Table 2. Continued

Atloms Sites C.N. (block)* X v z B (A Pk
01 e (R) 0 0 0.1520 0.71 1.00
02 4f (8 1/3 2/3 -0.0548 0.71 0.97
03 6h (R) 0.1801 0.3601 1/4 0.49 0.91
o4 12k (S) 0.1551 0.3102 0.0520 0.72 1.00
05 12k (R) 0.5019 1.0038 0.1500 0.49 0.90
(d) 900°C
Atoms Sites C.N. (block)* X y z B (A9 p*
Ba 2d XII(R) 243 1/3 1/4 (.49 0.97
Fel Za VI(S) 0 0 0 0.50 (.69
Fa2 e V(R) 0 0 0.2577 0.70 0.50
Fe3 4" IV(S) 1/3 2/3 0.0274 0.50 1.00
Fed 4" VI(R) /3 2/3 0 1900 0.50 0.99
Fe5 12k VI(R-S) 0.1693 0.3387 -0.1083 .50 0.99
o1 e (R) 0 0 0.1504 (.70 (.99
02 Af (S) 1/3 2/3 -0.0546 070 1.00
03 6h (R) 0.1814 0.3627 1/4 0.70 1.00
04 12k (S 0.1577 0.3155 0.0526 0.62 0.99
05 12k (R) 0.5003 1.0006 0.1489 0.50 0.97
{e) 1000°C
Atoms Siles C.N. (block)* X v Z B (A" P
Ba 2 XI(R) 2/3 1/3 1/4 0.34 .98
Fel 2a VI(S) 0 0 0 0.50 0.99
Fe2 e V(R) 0 0 0.2565 0.74 0.50
Fe3 4" IV({S) 1/3 2/3 0.0275 0.43 1.00
Fed 4" YI(R) 1/3 2/3 0.1902 0.49 1.00
Fe5 12k VI(R-S) 0.1687 0.3375 -0.1082 0.44 0.99
01 de (R) 0 0 0.1499 0.50 0.99
Q2 4f () 1/3 2/3 -0.0544 (.70 (.99
03 6h {R) 0.1772 0.3545 1/4 0.72 1.00
o1 12k (8) 0.1559 0.3118 0.0519 0.49 0.99
05 12k (R 0.5004 1.0008 0.1486 0.50 0.99
* coordination number
* site occupation
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Fig. 2. X-ray Rietveld refinement profile of Ba-ferrite

prepared hy the heat-treatment at 800°C
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Fig. 3. Perspective illustration of Ba-ferrite structure.
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