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Fig. 1. (a) X-ray diffraction diagrams of Fe;0, powders made with Fe*"/Fe’* = 1/2 as a function of annealing temperatures: a) 200, b) 250, c) 300,
d) 400, e) 500 and f) 600 °C. (b) X-ray diffraction diagrams of Fe;O, powders made with only Fe?* as a function of annealing temperatures: a) 200,

b) 250, ¢) 300 and d) 400 °C.
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Fig. 2. Scanning electron micrographs of Fe;O, powders annealed at various temperatures: a) 250, b) 300, c¢) 400, and d) 500 °C. The marked

length is 10 nm.
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Fig. 3. (a) Mossbauer spectra of Fe;0, powders made with Fe*'/Fe" = 1/2 as a function of annealing temperatures: a) 200, b) 250, ¢) 300, d) 400,
e) 500 and f) 600 °C. (b) Massbauer spectra of Fe;0, powders made with only Fe** as a function of annealing temperatures: a) 250, b) 300, c) 400,

and 600 °C.

Figure 3(b)= Fe*" o]2Whs o]&alo] FHIgh F25 200,
250, 3009} 400 °CollA] SA ISt Fe;0, 2] Mossbuaer
€5 spectrum®|T}. 200 °ColA] FAE|gh T2 WA A
APgAel| oJgt I B Hola gtk 18y Fig.
39 200°C EAE] L9 spectrum¥} B2 Fer'oll 9|gh
doublet®] FHEETA ASHR Ut oA Fig. 1(b)9]
XRD 4239} 72o] Fe*' o]&E50] BF spinel 125 9|
FaL 9lo] Fe*' o7t 59A o= EAsl] 7] WEeR
SjAET}. 250 °CollA] EAEIg EEe] Mossbauer spectrum
£ Fig. 3(a)2] b)¢} 2] spinel X2 7HAe F3A3A
of o3t F4= spectrum©ZTF AE o] S}, o] AL e
A71A B0] FAMe EAbs 7S ovleh olefgt A
AZHE 2009k 250 °C Alojollx] GAfgt Ede] A7]ofA
AP st Bske Aew 8 & 4 vk 300
9} 400 °CollX] EAEIg FEe] FHET spectrum Fig.
3(@)°] spectrum¥} w9~ FAKSE A Holal St} o] AL
Fe*" 93771 N, E9171049 EAE] &5 Fe¥'= 4I8lEof
spinel 7381 Fe;0, AMIAZ 39 202 aj4E 4= Qi

1ol A 338 FHEA12] Mossbauer parameters 2F}
=2 37 parameter 7 AR 3 7S & 4 o

Figure 4(ay= FHHIE FAl8le] EAjE)sh #28 VSM=
% 2P B4 A= Al 259 ol wet 323}
2kl BAlE gre] 712 ®elth ¥3E}l k= Ak =
719 Wtz A9 = glem, 300°C oPdelA gdsh
Fe;0, 29 WA Az ] EAS Hola Urh
200 °CellA] GAgt o] w2 23lAs) 3hs Ve A
& ¢ HL ko] Algybo] spinel TS A3l OIRE
super-paramagnetic 5/3< 7FA]7] wjiZo|t}. B} o] 82 Oe
£ ekl slou o Eap8) gol vhe- HolH 3
FE3kS Tob] oA BASE Aem & E8lF o]
Stk 250 °CollA] ExjE)sk ko] 7H-9oll= Mossbauer
AN YeRd A} 2ol 22 %] o] A 54
< Ak lof 200 °CollA] At EEET ZsjAslr}
F7Fel oM, a2ollA GAegt EdRThs B gks 7HA
A HAnk B BAEE ] 5488 7He REe] &

A S 7 dRkel Ashasiel defey] miZoltt

fr rok

5



- 184 -
T T T T T 60
180 4 o S
0 &
160 M, g
.~
o0 o
140 - 7 Ja =
5 g
[
O 120 3
= 430 @
2
S 100 a
2 o
o o =
@ s 8 H, 12§
2 o
o <]
60 - 410 3
— 2
40 o h—" 2
40 @
20 T |l T T T
200 300 400 500 600

Annealing temperature( “C)

(@

52

240 [
220 [ .\ 1
200 [ M, ® so
180 | ]
160 o o

140 [
120 |
100 [ e - 46
80 [
60 [

Coercivity (Oe)
o\
OI\
u]
5
(B/nwa) uoneznaubew uoneinjeg

ol o

20 |

0 nj . 1 A 1 . 1 R 1 42
200 300 400 500 600

Annealing Temperature ( °C)
(b)

Fig. 4. (a) Saturation magnetization and coercivities of the powders
made with Fe*"/Fe*" = 1/2 as a function of annealing temperatures. (b)
Saturation magnetization and coercivities of the powders made with
only Fe?* as a function of annealing temperatures.
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Growth of Fe;O,4 Particles and Their Magnetic Properties

Woo Hyun Kwon, Seung Wha Lee, Kwang Pyo Chae, and Jae-Gwang Lee™
Department of Applied Physics, Konkuk University, Chungju 380-701, Korea

Jung Chul Sur
Department of Physics, Wonkwang University, lTksan 570-749, Korea

(Received 28 August 2009, Received in final form 29 September 2009, Accepted 30 September 2009)

Fe;0, particles, prepared by a sol-gel method, were examined for their structural characteristic, particle shapes and sizes, and their
magnetic properties. Two different chemical compositions (using a mol rate Fe?*/Fe** = 1/2 and only Fe**) and 2-methoxyethanol were
used for making proper solutions. And the solutions were refluxed and dry in a dry oven and the samples were fired at 200~600 °C in
the N, atmosphere. The formation of single-phased spinel ferrite powders was identified with the X-ray diffraction measurement as
they were fired at above 250 °C. The result of scanning electron microscopy measurement showed the increase of annealing
temperature yielded the particle size increased. The magnetic transition was observed using the Mdssbaur spectroscopy measurement.
As the ferrite, prepared with the chemical composition (Fe*"/Fe*" = 1/2), was fired at 250 °C, 78 % of the ferrite had a ferrimagnetic
property and 22 % of the ferrite was non-magnetic. In case of preparing the sample with only Fe** and annealed at 200 °C, it had a
single phased spinel structure but its particle size was too small to be ferrimagnetic. The annealing temperature above 250 °C made
powders a spinel structure regardless of the preparation method. They had a typical soft magnetic property and their saturation
magnetization and coercivity became larger as the annealing temperature increased.

Keywords : ferrite, Mossbaur spectroscopy, sol-gel method and magnetic transition
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