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SiO2 " �f�jlZ�2 /SiO2 {�r��WfC$M>uqx�v w�prq�yts
(kbf`℄m\g_
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\�u SiO2 �y�>�*
*a SiO2 �y�>\��Pm� /SiO2R�'WW>u;5g
X
�&XX
�",��DmT5,X
u~I��H'����

SiO2 �y�>u\��Pm� /SiO2 R�'WW>u;5g

Y�.�#�TX
)�Q�Db*���YTR
X
)�Q�DO*�",��Dmi��{Æ�$-�u5,�>4
��>\�% 15nm V��H{P ≤–8dB ueJ`oDb*�GK 10GHz.w 
 
�R��:ÆPm�Æ�g
CÆ",5fU5n�y�O 641; TB 383 7=W.��A

1 LGSA(YX�b;9TV7Æ(Y6ev5kC���A�f;6e�#-6g6e��Zm&l�_e{UO3yj
�5k}� [1], #�N h?`�v=:
 SiO2 H&n4E�v0q�&6e�2��;UYÆBEYO [2] ��o3,	�x(}+Yy��
�(. (}�JvSA(YX�vE����
qRY e� [3,4] U;� - ��� [5∼7].qRY e�y4Bp0�kSA�;/x	E.�+-�LN�SX��;�WuUYÆ��J
�)H$�;� - ����/�JSX��;UYÆv�
=�x	ZB�;UYÆvBEY
�(G��H=+CE�qv�v0t8J8�� [7] �D��[{ [8,9] &(}kY{��&	zw Co � Au � Ag � Ni � CaCO3 � Al2O3 � TiO2 � Fe X��. yl�Li�k�}v
�t�+�=A?℄
�SAX�YÆv�J�G��H=+CE�q�G�f�h"n1e,
H<Qn�"6g{bn4U�v j#"6-6e�2�#-Znp0�*
,	YOy���%3�b<heU
$XYÆA���En�d+�B�YA
&[�-x. bn:f0q6e�&H<Qn�"vZYSA(YX�
#4SA�;�	0q�ABv�_�SX���0~ve`,	Y
ÆW��
L�E%CLU#?�;:nBvtp0ZepUY
��EnvSAX� [1], {��#-6g6e�Zm&lU�Zm&l�}�[Ov}�
"+v TEOS &D��9�0t8J8�� (PVP) H(}+Y{�31/u*'� 2005–11–14, /dEtu*'�2006–03–13���!� �Æ3Sa��[77'O|b (NCET-05-0660);863 |bK� (2005AA305G50)YR	
� �F[ (1973– ), ��q`d+N��T	 4F�;)� >�F	 E-mail:guanjg@mail.whut.edu.cn
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LE.�&W��Iv�. A℄BEvQn� /SiO2 SA(YX�
e,Qn� /SiO2 SA(YX�vA?℄
�<heYÆ�'ZYÆ���EnU6-YÆ)�v&eBn

2 ,H[o
2.1 -IJ&Qn�"�#zw��tLMD�nH< j"��E9r�2P�o (10MΩ·cm); %}j�<0t8J8�� K30(PVP) �0otV��t� (DEA) �&DwtS (TEOS), 6& 4W

2.2 [�3 /SiO2 |�s��XgTU1 800mL 2P�o�	`v PVP UQn�"o\�=pAFF 3��
�� 24h^�PU PS<��+�=pQ� 300mL 0otVvAFF 3��o\�= DEA 2mL,�r$& 1: 9 v TEOS tV;l 40mL vu�r$& 1:4 otV;l
~℄�
���,PW�Lq�gt<��+�tV9~ 3 \�� 60◦C $C,� 1 ��lt�heD�JQn�X�i�

2.3 �vYS~D%℄��QO FEI9rOBv Quanta 400VC~�( 4i�v(}Wu��v�b& 30.0kV.Æi�HM B	0otV3��6�1SG`i��}��(I�v�!E��9"��7^iK JEOL OB JEM-100CX � (EM156105-32) V�I�(=?�X��&v#?�;Wu��sG NETZSCH 9rv STA-449C VAY6 4q(%6ev6YÆ�C''��P*vp& 10◦C/min. T� ADE 9rOBv Model 4HF VSM �d*==e6ev'ZYÆ
Æi�� 40% �r$�<�UM�6jY6����2.L�) 7.0mm��) 3.02mm,0� 3.5mm vÆ6e
^��wG Agilent 9rOB N5230 V[`!s 4qE�Æ6�=`%� 2∼18GHz �$�v#-��En
31(YX�v#-�Z:nv=e�I��Yr%
Vv�Z:n�6-{{
��r nyvn1GUL}N\ [10], L}��℄
&
1.2mm vj?6-�?v6-YÆ

3 �x}1�
3.1 A�p8��_�k�T℄� 1(a) Bv:S(�&Qn�X�M-W�(}��/����dv=X
X) 0�$�d& 1∼2µm. %L�&TR^X�(}�n?6��,{vP=X (�� 1(b)), �(�&�"H$ (� 1(a)), (}OFv=X4<P�6�
℄� 2 TEM �LBv:p
�&(#vSAX� BYO�(}Aa�6��v�;k�/�z�&W����SAX�(}&t^<�#b�	h# SiO2 ������X�avFd [11]. A?v℄
z�&W�v&eBn<( 1 |_�m�&�} 2 ��A?℄
& 60nm F�
�%}+Y{H$� PVP+Y�&v
I [7], #ty	 PVP  �32�*sYUWL,	ÆZvR��;��MNn�Qn�On��nu%}kY,��veY3��*vsYÆZ [12].
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� 1 Pm�! (a) TPm� / �y SiO2 R�'WW> (b) u SEM "�
Fig. 1 SEM morphologies of carbonyl iron particles (a) and carbonyl iron particles coated by SiO2

nanolayer (b)

� 2 .
�%V�Pm� / �y SiO2 R�'WW>u TEM "�
Fig. 2 TEM pictures of carbonyl iron particles coated by SiO2 nanolayer obtained with different

reaction time

(a) 16h; (b) 24h; (c) 48h

3.2 �_�km(D%gN?℄� 3 Bv:p
(�&vQn�"� 100◦C-9℄��?vhe�6BN��6#�K+_#H\
��&^vSAX��� 200◦C F�8SBhe�6BN�_�6# P
zA?℄
v���SAX��|*Tv�6#8��|+M0*.�p���0*Tv�6#&t�?
#b�	 SiO2 	zA?B�H��\tH;&
X 1 Tq+�O�^�iew:

Table 1 Effect of reaction time on the shell

thickness

Sample Reaction time/h Thickness of shell/nm

a 16 15

b 24 40

c 48 60vu�r�!hB�"n1he&t4L�

Lr }x��BA?& 60nmWv Fe/SiO2SA(YX�v�6#}rb(�&vQn�"�6#}rv 84.89%, v�6`�|b
15.11%. #"n1p��& SiO2 	zABv�0Qn�X�v<heYÆ�zA?℄
v



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

1464 . o 4 
 ^ � 21 3���<heÆZ�*


� 3 �>\�� Fe/SiO2 R�W>u DSC/Fu~I
Fig. 3 DSC curves of Fe/SiO2 core-shell par-

ticles obtained with different thickness of the

shell

� 4 �>\�� Fe/SiO2 R�W>&XX
u~I
Fig. 4 Magnetic hysteresis loop of Fe/SiO2

core-shell particles obtained with different

thickness of the shellX 2 �^�iO Fe/SiO2 z��V�aB#ew:
Table 2 Magnetic properties with different shell thickness

Thickness of shell/nm Ms/A·m2
·kg−1 Hc/A·m−1

Mr/A·m2
·kg−1

0 190.1 0.039 0.185

15 201.1 0.037 0.165

40 205.1 0.051 0.237

60 197.2 0.067 0.318

3.3 �_�km�bD%N?℄� 4 Z00GBv:S�Qn��&^W<HÆ�84�[Ov�ZY
℄( 2 Bv:S
z=A?℄
v���(YX�v�UZe*
 Ms >��^�P����Z Hc US�Ze*
 Mr �>�P^�d
m℄
& 40nm W��UZe*
 Ms &Ed+�$�&(�0b 7.9%, mA?℄
& 15nm W���Z Hc US�Ze*
 Mr  )&EP+�$�&(�|b 5.8%, 10.8%. [WSAX�v>ZYÆE�
BO)BNv�{&
SA�&P#���Aav	zA?�0X� BYU(}�JY��Pb�	�0U(}Z�;&eBOvZ2MzY [13,14], {��UZe*
�d���ZUS�Ze*
�P
z=
SiO2 	zA"n1�d�ZYS�r$�P�j)�rv��Z.vn��P�n,�UZe*
 Ms �| [15]. ÆWA?℄
�d�X�C��1�d�\X���ZCv&eJ}�t���ZUS�Ze*
�d�SAX�v>ZYÆ=�
[�'ZYÆ�SAX�v(}Wu�A?$V�H�gH��GYZY�;�=
#p�E.	zAv℄
Bv��SAX�v'ZYÆ

3 �_�kmÆh`0~9ZD%gN?� 5 & Fe/SiO2 SAX�v#-��EnzA?℄
v&e
℄�3Bv:p�SA(YX�v#-��En��eQn�X���d�|�#ty	SA	z(Y�;\tn
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6 " �EZ�w� SiO2 �y�u\��Pm� /SiO2 R�'WW>uX
~I 1465�v Fe X�! SiO2 A?%[4� [3]. Hsv�;\t/Æ	zA?℄
vi�#-��Enz�p���H#v!��z=A?℄
v��SA(YX�v#-��Eno\=��+z�p��&e�&��


� 5 �>\�� Fe/SiO2 R�W>��DmY2u~I
Fig. 5 Real parts of the permittivity of

Fe/SiO2 core-shell particles obtained with

different thickness of the shell

� 6 �>\�.
u Fe/SiO2 R�W>�Ho{P/F
Fig. 6 Simulated reflectivity curves of

Fe/SiO2 core-shell particles obtained with

different thickness of the shell℄� 6 3Bv:S
��r nU6-�?℄
HÆv�
=�z SiO2 	zA?����Ip0G8�M0�Æ�p�#b�	A?℄
��n,��En�|
L	�	6g+& –8dB, mA?℄
& 15nm F�W�[W�Q6gfKEd& 10.5GHz. #b�	n	℄
v SiO2 	zABv��ZY jX�v#-��En�+Db6ev�B�Y�$&apB<����06-6ev#-6gYÆ

4 ��v#zQn�� TEOS y&�e�v PVP &(}+Y{�
LE.�}W���;� -���Iv�. b/Æ℄
v SiO2 	zA�&Qn�vSA(YX�
�Qn�H$�
Fe/SiO2 SA(YX�2��|v#-��En��^v>ZYÆU<heYÆ
mA?℄
& 15nm W�[W(YX�v>ZYÆU�B�YE�� -8dB �QfKBa 10GHz. #&+DU�vZY j6g{v6gYÆ�8bTv. 6w��T	. �;UYÆBEvSA(YX�
\�6<
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Properties of Fe/SiO2 Core-shell Composite Particles with Different

Nanoshell Thickness

TONG Guo-Xiu, WANG Wei, GUAN Jian-Guo, ZHANG Qing-Jie

(State Key Laboratory of Advanced Technology for Materials Synthesis and Processing, Wuhan University

of Technology, Wuhan 430070, China)

Abstract: Using a sol-gel route with polyvinyl pyrrolidone as the surfactant, the carbonyl iron

microparticles were uniformly and fleetly coated by SiO2 nanoshell, whose thickness was conve-

niently different by changing reaction time. The influences of shell thickness on the properties

of the Fe/SiO2 core-shell particles were studied. The results show that increasing the thickness

of SiO2 nanoshell (Dshell), the anti-oxidation property of the Fe/SiO2 core-shell composite parti-

cles is obviously improved while microwave permittivity decreased monotoneously. The saturation

magnetization shows a maximum value while both the coercivity and remnant magnetization show

minimum values at Dshell=15nm. Meanwhile, the radar absorbing coating based on the Fe/SiO2

core-shell composite particles with Dshell=15nm shows a maximum bandwidth of more than 10GHz,

in which the reflective loss is less than –8dB.

Key words core-shell particles; carbonyl iron; silica; microwave absorbing


