54 7 2005 7
1000-3290/2005/54 07 /3100-06

ACTA PHYSICA SINICA

Vol.54 No.7 July 2005
(©2005 Chin. Phys. Soc.

H,0,

2004 10 21 2004
H,0, Fe OH 2
XRD VSM
.TEM 18nm
67x107°A m’/g 20K
46x107°A m’/g 178K
PACC 3340 7550G
1.
Fe, O,
A Fe'* B
Fe’*  Fe'* A B Fe'
Fe2+
.Fe; O,
Verwey
1—3
4—7
Fe3 04
. Lee 2nm
Fe,0, 5K

"E-mail wangtO1 @st. lzu. edu. cn

Fe,0,

11 26

Fe; O,

SQUID

.XRD

Verwey

g® . Sugimoto

A m'/g’

7T

730000

TEM x

Fe; O,
Fe; 0,
1T

Verwey

7.62%x107° A m’/
KNO, FeSO,
50nm  Fe; O,

65 % 107°

Fe, O,

Fe OH ,
Fe3 04

18nm

e TEM

Fe, O,



7 H,0, Fe; O, 3101

H,0, pH 7.3
2. X :
Fe; 0, . Fe; 0,
2.1. Fe; O, . H,0,
Fe OH , Fe; 0,
20C 50ml 0. 1mol/1 FeSO,- 7H,0 Sherrer 18nm
Imol/1

K OH Fe OH , pH

8.0. 5.0 wt%
H,0, pH

7.3 H,0,. . 2b

H,0,
0.05mol/1 9nm.

0.2mol/l FeSO, 5C 40%C

XRD .
FeCly 4H,0 Fe NO, y 9 H,O Na OH
FeCl; 4H,0 Fe NO; y 9 H,O  0.02mol

50ml 150ml
0.6mol Na OH
90°C 30min.
Fe; O,
2.2.
Philips EM-400T Holland L Fes0, TR e RO,
X Philips x* pert Holland b
(311)
Fe . Y Rh
57 CO
Lakeshore 730 USA -
MPMS-7T USA =
3.
2.0 3IO 4|0 5I0 GIO 7'0 8I0
3.1. 20/C)
1 Fe, O,
2 Fe;04 XRD a H, 0,
1 a H,0, Fe OH , )
18nm.
3.2.
1b

9nm . 2a Fe OH , 3 H,0, Fe OH ,



3102

54

1
A B
Fe:; 04
Fe
Fe; 0, A B Fe A
B Fe 1213
Fe
A B
1 A B
1:1.63 Fe,0, 1:2
B Fe
. Guigue-Millot
Fe; O, A B Fe
Sangeeta Kale Fe; 0,
13—15
B B
Fe’*  Fe'* A Fe'* B
Fe Fe’*  Fe't A B
Fe, O,
1.00 R
0.99
0.98
M-
w 0.97
)
® 0.96
o
0.95 |
0.94
-10 -8 6 -4 -2 0 2 4 6 8 10
TR/ (mm/s)
3 H,0,
1 H,O, Fe; 0,
/T /% /mm 5! /mm s~
A 47.9 38 0.00 0.14
B 44.2 62 0.00 0.35
3.3.

To

ibupr g s

Fe3 04

1. 00

0.99

0.98

0.97

0. 96

0.95

0. 94

\VJ//
xg

I
I
N "

.

] (a)

-10 -8 6 -4 -2 0 2 4 6 8 10
HJE/ (mm/s)

\\f\\
£\

r—" —  (b)

-10 8 6 -4 -2 0 2 4 6 8 10

HPE/ (mm/s)
a b 80K
A
A 3
128nm '
B
T
T
T = toexp KVIikyT
1075 ky
17
V(:
V



7 H,0, Fey O, 3103
9nm 67 x107°A m’/g B
1T
46x 107 A m’/g. Fe, 0,
1 92x 107 A m'/g A
4 a A
‘ Fe
T
18
4 b B
30K 1 A B IT 46 x
-3 2
. 107°A m'/g . B
A
5 A B B
0 A 1T
. 801 — 801
20 20
~ 60 4 MII“. NE 60 4
2ol E s
L 40 LoA0] e
<20 1 < 204
T T § 0 T T T E 0 T T
-10000  -5000 0 5000 10000 -10000  -5000 0 5000 10000
-20 -20,
1 H/(10%4A [ m) H/(10%47A [ m)
j -40
ananun-en-wn-w =607 @ ~60 - ®
-80 1 -80
5 A a B b
0,05 - 0.075
0.04 - e 0. 060 - FC
E %
0,03 5 0.045 Ts
= ] =
X Iy X
= 0029\ = 0.030
ZFC
o.01q ¥ @ 0.015 - Zre (®)
0 50 100 150 200 250 300 0 50 100 150 200 250 300
T/K T/K
6 Aa Bb FC ZFC 50 x kA/4mm
6 A B T,~120K " B
50/4m x Verwey Verwey
10°A/m. A . Verwey
20K
A Verwey Verwey . Goya
6 a Fe; O, Verwey Fe; 0,



3104

54

Verwey
= Marguhes Fe3 04 4 .
21
Verwey 23 B 6 b H,0, Fe OH ,
Fe:; 04
178K H,0,
Fe; O, 18nm
67 x 107° A m’/g
250K : 20K Verwey Fe, 0,
2% A
) 9nm
IT 46x107° A m’/g
Verwey
1 QuS Cetal 1999 J. Colloid Interface Sci. 215 190 12 Evans B J and Hafner S S 1969 J. Appl. Phys. 40 1411
2 DuY W et al 2001 Acta Phys. Sin. 50 2775 in Chinese 13 Sangeeta Kale et al 2001 Phys. Rev. B 64 205413
2001 50 2775 14 Guigue — Millot N et al 2001 Phys. Rev. B 64 7690
3 Aston C 2001 [EEE Spectrum October 35 35 15 ChenL W and Jiang J S 1991 Acta Chem. Sin. 49 529 in
4 Wang C W et al 1999 Acta Phys. Sin. 48 2146 in Chinese Chinese 1991 49 529
1999 48 2146 16 Kittel C 1946 Phys. Rev. 70 965
5 Kumar R 'V et al 2001 J. Appl. Phys. 89 6324 17 Gittleman J I Abeles B and Bozowski S 1974 Phys. Rev. B9 3891
6 Lierop J V and Ryan D H 2000 Phys. Rev. Leit. 85 3021 18 Menzel M Sepeldk V and Becker K D 2001 Solid State Ionics 663
Shen F et al 2002 Acta Phys. Sin. 51 1851 in Chinese 141
2002 51 1851 19  Gong G Q et al 1997 Phys. Rev. B 56 5096
8 Lee HS Lee W C and Furubayashi T 1999 J. Appl. Phys. 85 20  Goya G F et al 2003 J. Appl. Phys. 94 3520
5231 21 Margulies D T et al 1996 Phys. Rev. B 53 9175
9 Sugimoto T and Matijevic E 1980 J. Colloid Interface Sci. 74 227 22 Brabers VA M 1998 Phys. Rev. B 58 14163
10 Manmoud M H et al 2000 J. Magn. Magn. Mater. 220 139 23 Gridin V V and Heame G R 1996 Phys. Rev. B 53 15518
11 Nishimura K et al 2002 J. Appl. Phys. 91 8555 24 Luo W L et al 1991 Phys. Rev. Lett. 67 2721



7 H,0, Fe; O, 3105

Method for fabricating Fe;O4 nanoparticles using H,O,
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Abstract

Fe; O, nanoparticles were successfully synthesized from an aqueous Fe OH 2 colloid under nearly neutral condition by
oxidizing it with H, 0, . The morphology structure and magnetic properties were characterized and measured by transmission
electron microscopy TEM  x-ray diffracion XRD  vibrating sample magnetometer and superconducting quantum
interference devices SQUID . The TEM image shows that the sample consists of well-dispersed spherical particles with diameter
about 18nm and has a cubic spinel structure according to XRD. The missbauer spectrum at room temperature is fitted using two
sextet spectrum corresponding to Fe ions at A site and B site and the results show that the hyperfine field of the sample is a
little smaller than that of bulk value and crystalline defects exist in the sample. The saturation magnetization of the sample
fabricated by using H,0, is 67 x 107> A m’?/g and the Verwey transition was observed at 20K but the magnetization of the
sample fabricated by coprecipitation is only 46 x 10™° A m’/g when the applied field is 1 Tesla and the Verwey transition was
not observed in our temperature range of measurement. In addition the superparamagnetic blocking temperature of the sample

fabricated by coprecipitation was observed at 178K.
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