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ABSTRACT

Single crystals of various hexagonal ferrites were grown by a flux techmique. For the growing experiment,
platinum crucibles of size 40cc and a horizontal siliconit 1ube {urnace were used.

Charges consisted of the flux of BaQ( 5rQ) /B.0: and the composion of crystals in the svsiem of BaQ
(Sr0) - Fe,0y ~ Zn0. The BaO{Sr0)/B:0; moler rato of the flux were varied from 1 to 3. Crystals up to
12. 5mm m diameter were grown by slow cooling of melis from a2 maximum temperature of 1, 300°C or 1, 350
°Coto 850°C or 1, 000°C. The grown crystals exhimted a tabmiar hexagonal habits with very well developed ba-
sal planes and narrow pyramidal faces of [ 1011 }, (1012 ) and{ 0001 }

For the identification of the grown crystals, X — rey diffraction studies were carried out. The effects of va-
riations m [lux rato, flox percentage and coolng rate on the quality of the grown crystals were studied. Cry-
slal habrts, hillocks, etch steps and growtih spirals were observed by optical microscope. Magnetic properhes
of single crystals were measured -
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Table 1. Chemical Composshons and Siructure Types of Hexagonal Barium Ferrites.
Number of oxyzen
Structure type | Chemical composition Symboi layers per um_t Space group
cell along c axis
M EaFe,, 0, BaM 10 P,/ mmc
Ba,Zn,Fe ;O BaZnlU 16 R3;m
Z Ba,Zn,Fe, 0, BaZnZ 22 P6; / mme
Y BayZn,Fe 0z, BaZnY 18 Rym
X Ba,Zn Fe 0, BaZnX 36 R;m
W BaZn,Fe ;0. BaZnW 14 Pg, / mmc
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Fig. 1. Tube furnace used for the flix growth
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Table 2. Experimental Rums for the Growing of Ferrite Single Crystals

Sample Initial composition ( mole % ) Growth terap(C Conling 1:3?;3‘;;12&'
. raie phase
No. R Flux % | BaCO, B0, Zn0 Fe, 0, cooling ( given in
from - to (‘C/hr)| parenthesis)
BaM 1) | 2.4 25.0 | 28.57 7. 14 — | 64. 29 1350 - 950 4 -
2) 1.6 25. 8 26. 51 9. 86 - 63. 67 1350- 1000 4 powder
3) 1.6 35-.1 | 30.92 | 13. 42 — | a5. @& 1350 - 1000 4 pawder
4) 1.5 71.4 | 46.90 | 28. 60 — | 24.5 1360 - 950 4 1. 3 mm
5} 1.32| 61.8 | 40.62 | 26. 64 — | 32.73 1300 - 1000 4 5 mm
6) 1.32| 61.8 | 40.62 | 25. 64 — | 3z.713 1300 - 1000 2.5 12. 5 mm
7 1.0 58.2 | 35.08 | 20. 12 — | 35. 79 1300-950 2.5 -
SM 1D 1.5 76. 3 49. 2 0.5 — | 20.3 1350950 4 3 mm
2) 1.5 71.4 | 46.9 28. 6 — | 24.5 1300-950 5 mm
BaZnl 1) | 3 43.4 | 42.1 w.7 | 4.6 42. 6 1300- 1000 2.5 5 mm
BaZnZ 1) | 3 41.3 | 41.238 | 10-35|6.8% | 41. 38 1300 - 1000 4 -
2) 2.8 40.1 | 40.15 | 10-56 | 7. 04 | 42.25 1300- 1000 4 powder(BaZnY)
| 2.7 25.8 | 33.57 7.73 | 8.38 | 50.67 1340 - 1000 4 {BaZnY)
4] 2.5 50 44.53 | 14.29 | 5.88 | 35.29 1300 -950 2.5 3mm {BaZnY)
5) | 2.5 40 39.16 | 11.43 | 7.05 | 42.35 1300 - 950 2.5 gmm (BaZnY)
BaZnY 1) | 2.5 18.8 | 29.72 5.40 | 1. 21| 48- 68 1340 - 1000 4 -
2)| 2.5 1.2 | 46.34 | 16.63 | 9.761 29. 27 1300 - 1000 4 powder
3| 2 23.1 ] 30.77 T.69 | I5.39| 46. 15 1340 - 1000 4 powder
4) | 2 41.2 | 39.22 | 13.73 | F1. 77| 35.29 1300 - 1000 4 2 mm
5) | 2 54.5 | 45.46 | 18.18 | 9.09 | 27.27 1300 -1000 4 4 mm
BY | 2 4.5 | 45.46 | 18. 18 | 9.08 | 27.27 1300-1000 2.5 5 mm
7) 1. 48.1 | 38.7 19.7 [10.5 | 31.1 1300-1000 4 #nFe,0,: 2mm)
8) | 1- al.8 | 3.0 | 17.4 |[11.6 | 31.9 1300 - 1000 4 )
SrZoW 1) 2.1 24.0 | 23.08 7.69 | 15. 36| 53. &5 1350 - 980 4 4 mm
BaZoW 1> | 3 56 4B. 15 | 14.82 | 7.41| 29.863 1300- 1000 4 —
2) 2.5 56 44.0 16. 9 &.0 | 32.0 1300- 1000 4 -
n 2.5 1.5 | 41.24 | 14.74| B.80| 35.22 1300- 1000 4 (BaZnY)
4) 1.87| 22.5 | 21.43 7.84 | 15. 60| 54. 94 1350 - 980 2.5 4 mm
5) 2 27.5 | 4n.83 3.86 | 7.83| 57. 93 1330-950 2.5 powder
6) 1.7 26.9 | 23.58 9.97 | 13.20| 53. 16 1340-950 4 (BaZnY}
7) 1.6 26.2 | 22.82 | 10.07 | 13. 42| 53- &9 1340 - 950 4 (BaZnY )
SrZnX 1) 2.5 22.6 | 24.73 G.45| B.60| 60. 22 1350-1000 (25‘:1“‘}[’ SrZnw )
23 2 30 27. 78 | 10.00| 7. 78| 54.44 1350-1000 -
BaZnX 1) 3 55.7 | 46.78 | 13.93 | 4.0952| 34.43 1300-1000 4 (BaZnY)
23 3 47. 1| 41.18 | 11.77| 5.88| 41. 18 1300-1000 4 (BaZn¥}
| 2.3 25.4 | 25.40 7.70| §.28| 58.02 1350- 980 2.5 4mm (BaM)
4) | 2.1 28,7 | 27.35 .25 7.93| 55- 48 1350- 380 2.5 (BaZnY)
A 234 A 35 (19862 (81
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Fig. 2. X-ray diffraction patterns of hexagonal ferrites
M:BaM Y:BaZnY W:BaZnW X:BaZnX
S:ZHF8204
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Table 2. Saturation Magnetizaben Anisotropy Field and Anisoiropy Constants of BaM,5rM,Ba ZnY, and St ZnW.

Smgle Magnetization saturation Anisotropy  field ( KOe ) Amsotropy  constant { 10% erg fem® )| Reference
cryslals {(Gauss } K, Ki+ 2K,
BaM 380 17 3.3 Went ®
380 17 3,25 Shirk
380 17 3.2 This work
SrM 380 19 3 57 Shirk!?
370 20 3.5 Bertaut 3
350 15 36 This wark
BaZnY 227 10 Savage?®
227 8.9 —L0 Mita 20
225 10 —1.1 ‘This work
SrZnw 410 12.5 2.6 Graetsch®¥
410 12.5 2.6 This work
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of =2l sotropy ”, Nature, 170 (4330) 707 (1952).
9) Y. Goto and T. Takada, “Phase Diagram of the
REFERENCE System BaQO-Fe,0,”, J. Am. Ceram. Soc. 43 (3),
1} 1. Bady, “Ferrimagnetic Linewidth of Single 150 (1960 ).
Crystal of Barum Ferrite (BaFe ;. O}”, Fro 10) BRI ~v V7, 7 S HE (1971).
IRE, 48, 2133 (1960 ). 11) R. J. Gambino and F. Leonbard, “Growth of Ba-
2y R. 0. Savage and A Tauber, “Growth and Pro- rium Ferrite Single Crystals®, J. Am. Ceram..
perties of Single Crystals of Hexagonal Ferrites”, Sec. 44 {B) 222 (1961).
J. Am. Ceram. Soc. 47 (1), 13 (1964 ), 12) R. C, Linares, “Growth of Yitrjium - Iron Gar-
3y C.R. Buffler, “Resonance Properties of Single net from Malten Barium Borate®, /. Am, Ceram.
Crystal Hexagonal Ferntes®, 7. Appl. Phy. 33 Soc. 45. 307 (1962,
(3}, 1360 { 1972 ). 13y  A. Tauber, S. Dizxon and R, ¢. Savage, “Im-
4) Y. Goto and K. Takahashi, “Growth of Stran- provement of the Ferromagnetic Resonance Line-
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