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Abstract The crystal structure and magnetic properties of a new solid solution type ferrite (Fe;03)s-(Al,03)3.4-(Ga;03)p6-SiO
were investigated using X-ray diffraction and Mossbauer spectroscopy. The results of the X-ray diffraction pattern indicated that
the crystal structure of the sample appears to be a cubic spinel type structure. The lattice constant (a=8.317 A) decreases
slightly with the substitution of Ga,0O; even though the ionic radii of the Ga ions are larger than that of the Al ions. The results
can be attributed to a higher degree of covalency in the Ga-O bonds than in the Al-O and Fe-O bonds, which can also be
explained using the observed Mdssbauer parameters, which are the magnetic hyperfine field, isomer shift, and quadrupole
splitting. The drastic change in the magnetic structure according to the Ga ion substitution in the (Fe,O3)5(A1L03)4x(Ga,05),SiO
system and the low temperature variation have been studied through a Mdssbauer spectroscopy. The Mdssbauer spectrum at
room temperature shows the superpositions of two Zeeman patterns and a strong doublet. It shows significant departures from
the prototypical ferrite and is comparable with the diluted ferrite. The doublet of spectrum at room temperature appears to
originate from superparamagnetic clusters and also the asymmetry of the doublet appears to be caused by the preferred
orientation of the crystallites. The Mdssbauer spectra below room temperature show various complicated patterns, which can
be explained by the freezing of the superparamagnetic clusters. On cooling, the magnetic states of the sample were various and
multi critical.

Key words nonstoichiometric ferrite, superparamagnetic clusters, Zeeman pattern, Mdssbauer spectroscopy, X-ray diffraction.

1.4 = So] A7)2 Ao vne] Z3E Apgolee] Bh

TG 0 Azl sl o kg Sl et
87719 RS AN A AR Aee  UEE NG femitedo] TE A7k s AapEe] o
PPN 23 2 WS ) Jelsis AR 3 ek

ferrite ©]t}. AFSHE (Fe,05)S
magnetism)S Z= AlEtlS

S FAROR Z7AP (ferri-

ZAI= ferrites F54] AF (tetrahedral site, A-site)2} ZHA|

ferritet] o] 54 o252 AASHH 0w APHEA A
A} (octahedral site, B-

A sk gl A7t l'lo} A7 & 527 oH¢-
Bg 53] 2330} o]§-9] 7|7l At AR sl H
Zolle folHE| = ApEate] wiHe] HgHE] Follx =
Al 718t 2 F8Ad0] F2EA Tk Ap)A 5S4
2 ferriteE TESHH AZE ferrite®) SFE ferriteE U
AR ZIRPAS} w9 AR S 7RG o7 7R
Aol A A Vel AE oFE 27| 7% (magnetic struc-
ture)s zh= EZolt}. ferrites ©]23}3tEol wgke] H

7heell oJsl vt 542 2 Aot A, ol

o= RT

=

fCorresponding author
E-Mail : ccsshh@dhu.ac.kr (S. H. Choi)

439

sitedll AHEH 7+ 9)7e) AfE FEolese Ut

Fol Wt ferriteS EHATE AFHQ ferrites FolL7}
go]&9o] H7} 340} B BAS A7) &) vlsE

#ZF= 2] (nonstoichiometric)* AN ] ferrite”} A Z%o] A
3 Qo &g Egk Aol

AT diel (Fe,05)5-(A1,05)5 44(Ga,05) 6-Si0O=
ol o]0 H|7F 2.714:4%1 W|setFEA =4
ferrite®] E4E 2= (Fe,05)5(AL03)s«(Gay05),Si0A V]
A (ALO)S (Ga05)Z UF A Bs NZL FFHO
SAY ferriteo|t}. oA A7|H A9 - = &
712] @ X (short range order)’} &=L B o] HIA}
& T JFolE EFatal Ao s =2

al



440 =

T ferrite®] 548 BRItk 18EE 2% ¥l u}
E A71A A7 214 AQ0 54 Qe B A o] o
2 ZFE3] 345 A(diluted system)ol| A YEh = =4
2_1
=)

o

2 ZAARR 2F(local canted spin) EN, spin glass
2 semi spin glass9} 7 TFFRE Ap7)F AAP0E B
o 7Zlo=Z ofAtET)

2 Al MEE ferrite®] W7 APIAEZAS] &
SO 9 ARERAS doll7] flete] XA At
Mbossbauer 3= ©]-8-5 (Fe,03)5-(ALOs); 4-(GaxO5)o.6-
Sioe] AA T Fx P 2Lwsll| uhE 27|d Fxs}
598 A7t 53] Al 2 AATxe] W3, &
= oJ&ro wE ZP|AHIA7]7 (magnetic hyperfine field),
2720 o), A7 1A s Ae 549 HEt 58 5

Aoz JEsto] AL HIT

A5E 4o AHIAHESE AT 99.99% ©]
ol B2 FE9] A % Fe)05 ALO;, Ga0; SiOE
ARg-BEe] AZ7]A 150°CR 5A17F B¢t 71 st &5
712 AA3 & mlic(agate) mortarS |3l FH3] £
shAtk T3 kg 88 =ol7] fs fY ZE s
234 11 ton/em’E 1057+ &8l pellet FE| &2 THE
& AF(10 " torr o)FVIEHIE FAEFEA A 9Z Yo
=R
[e)
o

L

Y sttt o] FAoM HdH £oro EEEe f
A2 BAS] A3 F o]ZE 7|2 WA 1100°CE
4877 B 12 EAEsle] A A oM HY
(quenching)Al A 12} AlRE TEUTE 12} AIRE THA
"HRe mortarg ARESIA] PIAIEER vhe & A4S =
o]7] Szl 918 AT HAHS 23] vhESl HFAES
AAt. oA AxHE AEE ] ¥4 EZHEHE 1)
M3} st XA 31 2 Mossbauer 34 3ol A1-8-3)
Ak 2 A A8k XA 31" 7]= Geiger-flex M-
3A°|H Mossbauer F-371= 7] &4 F71E5=32l A
=+ ASA (Austin Science Associates Inc.)2] S-600, A-1
model®]Th. EESH XA (source)> Co-Kah=1.7903 A) ©]
™ Fe filter® AF-SHL, -9 10mCie) TCoPd7} o]
4 Stk $HA Mossbauer #2432 APD cryogenics
Inc.2] HC-2D Hellium compressorS zH= CS-202 displex
A& o]&stitTh

3. Z3 ¥ n&
Fig. 12 X-A1 sjdddgle] Azpoln o s 1Y

221 cubic spinel FZoNA Hlojus= peako] YERA| T
(F 6203)5(A1203)4_X(G3203)XSiO7:]] Oﬂ }"] (Aleg,)% (GEQO},)E

ofy

(
-

t ¥ % g
3 <
g
£
2
5

1 saealanees I | I |

30 40 50 60 70

DEGREE (20)

Flg. 1. The X-ray diffraction pattem of (Fe203)5-(A1203)3,4-(G3203)0‘6-
SiO at room temperature.
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Fig. 2. The Mdssbauer spectra of (Fe;05)s-(Al,03); 4-(G2;03)6-Si0
by low-temperature variation.
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Table 1. The Mdssbauer parameters of (Fe,O3)s-(Al,03);3.4-(Ga;05)06-SiO at room temperature.

spectrum magnetic hyperfine field (KOe) isomer shift (mm/s) quadrupole splitting (mm/s) line width (mm/s)
A-site 480.64 0.0379 0.0030
B-site 441.83 0.4331 0.0152 0.2532
doublet - 0.0838 0.6820
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Fig. 3. The magnetic hyperfine fields of (Fe;03)s5-(A1,03)3.4-
(Gay03)6-SiO by low-temperature variation.
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Fig. 4. The isomer shift values of (Fe;0;)s-(A1,0;3);.4-(Ga;05)p6-SiO
by low-temperature variation.
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Fig. 5. The quadrupole splitting values of (Fe,03)s-(Al,05);.4-
(G2,05)046-SiO by low-temperature variation.
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