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Abstract

The inhomogeneous atomic bonding was generated innano-transition
zone between core and shell structure. Thus, several researchers have
focused on special electro-magnetic properties, optical characteristics and
catalytic properties of core-shell structure particles.

We have prepared the Fe;0,4-Si0, Core-shell nanoparticles by using
Stober process. In this research, TEM and EDX will be used to study the
samples, we find that amorphous SiO, shell has coated with Fe;O4
nanoparticles. When the time of preparing is 24 hours, we can get the
maximum thickness.

Besides, in this study, we also study the structure and magnetic
properties of the different thicknesses of SiO, shell.
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TEOS ( tetracthoxysilane ) § 42447 > 1% TEOSe vk j2 2 55 & F Ji5 > A =
SiOp th 2 3 T o pieh= 20 B - F PR B AT L EPekD
PP R R S e e R F gk S BN sraeg it A
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A~FEY > 4 Fe;04-Si0, ’]ff-%’lé.;f# s ¥ AT Y kR A en
FesO44 & ° 2 P& * Stober process #-SiO, & = ) & ¥ 45 4 Fe;0,4 04

m o

R AR R BE Fdot T 7

# 3-1 % Zr2 Fii
. A3 E )
F&T it 5 R R
(g/mol )
7
(CH3),CHOH 60.10 TEDIA 99.97 %
2-propernal
4%k
28.00%~
Ammonium NH4OH 35.05 TEDIA
30.00 %
hydroxide
LS L R
Tetraethyl - CsHj004Si 208.33 ACROS 98.0 %
orthosilicate
§ i
Fe;04 231.55 TITANEX 95%
Iron oxide
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1. X 44 & ¥E64+ % (X-ray diffractmeter; XRD )

AR AT KRB L P A% SHIMADZU XRD-6000 -3 ;% % g
Bl R SR Bhi4Fl  HFEFVBI2KW 2 Rhamz 4%
B TR A IRFHERFAKENTFIEIRE AR (3
(L) m LA T FE 3 KA -2 3! Xeray o -t R g
S 0 A2 ATE kRS E > 5d P B (Detector) -4 T )

ek 3 Hop A T R IMEL A T K o

4o 3-3 7 otk 8 2B ¢ sample i ¥ 0 X-ray d Tube &1 18
7 1% 1.7 mm s Divergence slit> P& &4 Ak & F > 54k & & & {8 536 0.6 mm

e Scattering slit > # i i — % 0.3 mm £ Receiving slit {$ i& » detector o

X-ray g qﬁ = ﬁ;ﬁ_/ﬁt-& Kal Ka2 N KB > e 2\ i % - fﬁ_/ﬁt—v{ » BT )R
HERTHKr e £ % 2 H K tA 2 a5 g 2§ T Ka(k

£ 1.5406 ) gL > W L AT R 2 Xk st S HER] o
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3. R E 5+ + A E &R (Superconducting Quantum Interference Device ;
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P A P i 3
4.1 Fe304-SiO, 12 -F B i+ el s 54 17

* % 541" Stober process %l # Fe;04-SiO; P1-# it < i * i«

B RF S P EFDF AR SSIOEE £ 1% XRDTEM

wiF

5 g K o
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Faop Bk ® SiZO0dhF G5 1357
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204 ‘

Element Counts K-Rel

x,81
Si-K 373 1.0000
0 -K 168 4.2392
Total

Energy (keV)

K-Std Wt %

x,8i
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m—— 65.63
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Atom %
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4.1.2 Fe;0,-Si0, 12 -8 2 fide 3 57 XRD A 5

B ek A B XRD 247 c A F &Y NRBL P A
SHIMADZU XRD-6000 112 5% S B R 4> & Y6 K o & & Bk (7 ehif
ERTRAOKV > Tin30mA - @ BR520 & & 5 20°~60° » R
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B &Rp¥EEHEFALAFNLE R FWHM
205 © X-Ray 46545 2 prent P e &
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W 4-14 ¢ F 3o 45 K MO P i Oh # & e fo i £ M 5 64.9
emu/g ° 4h ik 54 SK MR PEF > e freat 8 M, 3 61.6 emu/g © 15h
e SK fﬁ‘}ﬁﬂ#éé‘"fr’@i“ ¥ M 5 593 emu/g; 24h etk &R A SK i«
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4ok AP RE Bk S oadcdp? o JIF MM oS SV zgﬂ.r
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-

B AR B8 SO % R 1.97 glem’ o SiE 1 ¢ Il
FEFTENOF0,E R 0 temu/g clicdi L (S F TR 0 & 15h 3 24h
g vt fo v B M AP PR S eI g o

+
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B &5 Oh 4h 15h 24h
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58



RS YRR A DRI A PRI LR Y ampL o &0 F
S B AR TIE 100% 55§ AAPL 3% SIO &
Ris o L3 €4 FoOu it £ 22 s o R L F & L1 L

L EE U T X

= | I I : ' T T T T T T
200
| : 24dh ]
150 |- S K . ‘
- ¥ 15h
IDD : :.. |.ﬂ‘--— S -
| 3 4h
o F Oh —
“ah ! L
Z of ; _
2 !
= B0 ; L
100 : o ]
- - D
-150 |- .ﬂ".l" L
-200 _
20 ‘ I ' . L i I 1 L . I .
-15 -10 5 3 . . ]

H (ke

B 4-15 mEZpmpt a‘\—"“ff SiO, £ £ 16 e M-H Bl

59



422 g iv 8 28 B il 1

#-0h~4h~15h 2 24dh e B2 i R E R R M G 37 - F 5% A

KRB S k5 R PR THN BN R PlEA ] B
¥ _ %
A HE R % A% £ Bloch T2 law: M (T)=M,(1-BT?)
(L0 4-17 22 4-18) -
e fdeik SiO, (88 B & 15 9 M- M(T) 1/ M, $ T2 RI( W 4-18)

PR BAF B2 EF WA e s GO e AR R -

&5 T T T I T T T T T T ~ T : I :
g4 L I0OKOe e oh
L] | L L L L LT S . .-_1_]-1 _‘
e, I5h
| .. - ]
&) = T T Y. I-u-..‘h vh s 2dh _
L --.-tq-r.,-". -'-. |
5'5' - "‘!l"" '!.." -
";ﬁ. e I...'. dh 'H..
E 5 i lI.l"l-.. —
= *r. 15h ., |
“i“"."'"'""'l'l'l.l-u--“ 4
52 L LT - ]
I *-..'I F
®r **ee,,  24h 4
I T, .
48 -,_-'- ]
L . ]
A5 L 1 M 1 o | . | \ ¥ . . . )
0 50 100 150 200 250 300 350 400

Temperature (K

Bl 4-16 =i ZHERM HEF

60



[M-M_(T)] /M

0.14

1 ] L] I I |
U.‘? = [ ] =
>
-’ -.-.
0.10 | 24h « % o8 -
N
L ]
* o % *4h
B * e .
008 15h ot o
L L ]
0.06 |- ﬂ::.\.':._ .". Oh -
. RO
L] .. L2
ettt e on
0.04 o :.!. o ® 4h 7
otpoer”’ ® 15h -
0.02 8 24h-
D_UU. 1 i | |
4000 5000 600D
.J,:e.,-':> {KZ-\'..-'!»'}
Bl 4-17 [M,-M(T)]/M, % T Bl
05 1 1 ) 1 1 )
04 | &
® Oh *
® 4h o
F 08 |« ® 15h & -
~ e 24h 24:.-
6 o* 15h
?0 0.2 .... = o".. o
E-.r ..... '.....
e o*’ 4h o
01 L o*® .....o & ..0.. _
g o °® e
| ..‘.... ’..::.:“. -» L 4 ‘Oh
00 1 " 1 " 1 1
0 1000 2000 3000 4000 5000 6000 7000

TBJ’E (RB;’E)

B 4-18 detf SiO & £ 16 [ M- M(T) ]/ M, % TV g

61



: 2 L)
%i' -8 .s‘-;‘-,ﬁ

& d J1* Stober process k @ # Fe;04-SiO; P EHS Kk o 58
TEM ~ XRD % SQUID & jp| 4 45 14 > rjﬁﬁﬁ% SR BT E T

B BG4

Lo Pess gz dops ol > ASIORAHRERNAS  APT
AN F Rk e R R AR SEE o AR RO 5
BT R RPEE G 24 L T L ENKESNSIO EE B

B % 40 nm -
2. M EEr R R eSI0, 0 T oan b 2R 8 R L e %ﬁ 3
3. LB SIO KT ¥ FesOy it 2 B -

4. ¥ Si0, %‘;é] Ef’i””’*% oo F]GH ff'_’%’_ﬁﬁ Fe304 m? TR0
ST € R R ek fors Y B M dkiE o e g E a‘r“}f

Si0, £ K hE B 145 I Fes0y chbe fops i £ M, lic® € § #1321 -
5. PLT SIO ER A 15 > Bk AR A IR0 KT 0L AL TR P S o

6. BEURR R EOERIEHER G SO KA 1§ HE R

3
F My PR > &R E & Bloch TA law o ie ﬁ_#r",‘f Si0, &

62



R
\3\
N
|k
( N
@
@
&
Jt.
\\_
Ja
oy,
{ N
E N
~=h

"F WA G e A3

ARAFHROF BB F A OIA  ¢ R4 FeOg T A ) F i
Fl AT P RN o T BB A RIDS A §T 0 2304 T d g Fes04 60

o R R S ST

o
Sy
I
—\
=™
@
=

L QESSPINOEN VT OF | P ;‘,"jtén Ul Y e

é‘}ll:%ﬁ o

£ % 0 WiF Fes04SiO, Pr-B i 3 A+ F 2 il S BRI

CE R R zh o7 A

63



o

At s

1. K. I. Kobayashi, T. Kimura, H. Sawada, K.Terakura, and Y.
Tokura,Nature ( London ) 395, 677 1998.

2. Chikazumi, S. ¥ ; %~ 25X &F - BPESF LY > HG o P IR,

1981.

3. %% & BAGL o EATY -~ Flhod o #4507 32(4), 286-317. 2001.
4. F|E 0%~ HUE < pIm g 7] 22(6), 592-605, 2000

5. M= & [ riy—a-Fe,O; 4p % #% 4] % (Falpha-Fe,O3 » ok | W= =
» A F L% 2001,

6. G. F. Goya, T. S. Berquo, and F. C. Fonseca. J. Appl. Phys. 5, 3520.
2003

7. 22 E TREEBRTSZFAT K2 Y Lx&£mLik 2002

8. 323814 » TR-A-Mn-O (R=La, Pr)(A=Pb, Ba)i. 1 &7 & 52 %% 2 e

7

BHAET 0 RS FEL EHL%HY o 1998,

9. i~ 2FFE o B A HEE F B o FF JAL 5 2001,

10. P %> TEMEBEF P i AP FI e dge ) > W2v <

Frid % > 2002.

64



1. B s T§ tedsthrz e gpdemy ) - R 12
SrmLHm~ 0 2003
12. Rosensweig, R. E. Ferrohydrodynamics, Cambridge Universirt

Press,Cambridge 1985.

13. Todorovic, M.; Schultz, S.; Wong, J.; Scherer, A. Appl. Phys. Lett.74,
2516. 1994.

14. Roger, J.; Pons, J. N.; Massart, R.; Halbreich, A.; Bacri, J. C. Euro. Phys.
J. Appl. Phys. 5, 321. 19991

15. Sun, S.; Murray, C. B.; Weller, D.; Floks, L.; Moser, A. Science 2000,
287, 1989.

16. 1 F FEE~F I T3 RE o2 TR T2 (23)6, 667-676,
2001.

17. 4k % > TAg-SITIO; 7 5 Pi-g e F 27 EWE | > ¢ =

FrmilHm= > 2003.
18. Werner Stober, Controlled growth of monodisperse silica spheres. J.
Colloid and interface science, 26, 62-69, 1968.

19. M. Ohmori, E. Matijevic, Preparation and properties of uniform coated
colloidal particles. J. Colloid Interface Sci. 150, p.594, 1992.

20. Andrew J. Ruys, The nanoparticle-coating process: a potential sol-gel
route to homogeneous nanocomposites. Materials Science and Engineering,
A265,202-207, 1999.

21. Z.Y. Chen, Controlled growth of monodisperse silica spheres in the
micron size range, Materials Science and Engineering, B67, 95-98, 1999.

22. Isabel Pastoriza-Santos, Dmitry S. Koktysh, Arif A. Mamedov, Michael

65



Giersig, Nicholas A. Kotov, and Luis M. Liz-Marzan, One-Pot Synthesis of
Ag@TiO2 Core-shell Nanoparticles and Their Layer-by-Layer Assembly,
Langmuir, 16, 2731-2735, 2000.

23. Thearith Ung, Luis M. Liz-Marzén, and Paul Mulvaney, Controlled
Method for Silica Coating of Silver Colloids. Influence of Coating on the
Rate of Chemical Reactions, Langmuir, 14, 3740-3748, 1998.

24. Xiangyang Shi, Thierry Cassagneau, and Frank Caruso, Electrostatic
Interactions between Polyelectrolytes and a Titania Precursor: Thin Film and
Solution Studies, Langmuir, 18, 904-910, 2002.

25. K. Subramanya Mayya, David I. Gittins, and Frank Caruso, Gold-Titania
Core-shell Nanoparticles by Polyelectrolyte Complication with a Titania
Precursor, Chem. Mater. 13, 3833-3836, 2001.

26. L.M. Liz-Marzan, et.al., Synthesis of Nanosized Gold-Silica Core-shell
Particles, Langmuir, 12,.4329-4335, 1996.

27. Ohmori, Masahiro; Matijevic, Egon , Preparation and Properties of
Uniform Coated Inorganic Colloidal Particles: 8. Silica on Iron , J. Colloid
and interface science, 160, 288-292, 1993.

28. R. Partch, et.al.,, Conducting polymer composites. I. Surface-induced
polymerization of pyrrole on iron(Ill) and cerium(IV) oxide particles. J.
Colloid Interface Sci., 144,.27, 1991.

29. S.M. Marinakos, et.al., and D.L. Feldheim,Gold particles as templates
for the synthesis of hollow polymer capules.Control of capsule dimensions
and guest encapsulation, J. Am. Chem. Soc., 121, p. 8518-852, 1999.

30. Horng-Yi Chang, Syh-Yuh Cheng, et al., Core-shell structure of
strontium titanate self-grown by a hydrothermal process for use in grain
boundary barrier layers ,Nanotechenology, 14, 603, 2003.

31. M. Ohmori, E. Matijevic, Preparation and properties of uniform coated
colloidal particles. J. Colloid Interface Sci., 150, p.594, 1992.

32 2 22 ~ HREE o 3 EHH 0 109, 96-104, 2002.

66



70

Bl A-1 F* FesO4 xS~ F

67




