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^�(Y)�{�� MgO B��â, ^zÆ�D{�� α-Fe2O3 B��â, ò MgO/α-Fe2O3 ·ÜN~§e�
(¹z 2 h, 400 ◦C ��Ü¤��Ñ MgFe2O4 B��â. ÏL X ��û�Úß�>fw�ºÿÁ�¬�zÆ¤©!
¬N(�Ú/mº�, ©Û(zÆ�AÅn9ÙK�Ï�. ïÄ(JL²: ¤��� MgFe2O4 �k¬�c�N, �
âº�©Ù3 20—30 nm �m, âÝ©Ùþ!; �(�z�AJp
zÆ�A¹5!O\�AÔ�'L¡ÈÚ�A
Ô�m��>¡È, r?��Ü¤�A�Ý, ü$�A§Ý, ¢y
��^�eJ±�¤�zÆ�A.

'�c: �(�z, ��Ü¤, MgFe2O4, B��â

PACS: 07.57.Pt, 68.37.Yz, 73.63.Rt, 81.16.Be

1 Ú ó

�(ÅzÆ´ 20 ­V 80 c�Çå���#
,Æ�, 90 c�(zÆ3kÅÜ¤!(�u1!
Y?n!)Ôzó��¡��
¯�?Ð, ÅìÚ
\ó�zïÄ�ã [1,2]. (zÆ�A´|^�(�
z�A]m�)�ÛÜp§!pØ�¸±9�k
�r�ÀÂÅÚp�Ý���6, �¤~§!~Ø
e4J½öØUu)�zÆ�A, ù�AÏ�Uþ
/ªÚ�A{§, ¦(zÆ�ALyÑ4��`�
5 [3−5].

MgFe2O4 áuDÚc�N^5á�, äkûÐ
�E�0>�ÑÚ^�Ñ5U, U
k�áÂ\�
X�Å, ¿¦ÙÑ�P~, ~��Å!��!éÎ
�X�Ñ��¡, ü$�X�uy��U5. AO
´� MgFe2O4 �â»ü$�B�?�, ¥yÑ�
^^y�, é>^Åk�Ð�¶-áÂUå [6−9].
d	, Konishi � [10] ïÄ
�«c�NzÜÔ, u
y MgFe2O4 k�Ð�u9�J, Uk�àkJ[
�, é�U¤��5JwïÄ�­���.

� © Ï L � ( z Æ � A � � MgO B � �

â, ^zÆ�D{�� α-Fe2O3 B��â, ,�
ò MgO/α-Fe2O3 ·ÜN�(¹z!��Ü¤��
Ñ MgFe2O4 B��â. T�{ü$
�A§Ý,  
á�A�m, �B��â��Jø
��#�ïÄ
g´.

2 á���{

2.1 MgO BBB������âââ������

�(Y) Mg ®�� MgO B��â. ò 2 g X
Ý� 95%�û� Mg ®, �\ 100 mL ���¥, \
\ 50 mL �lfY�, �3�(Å�Wø¥, �(
ªÇ� 100 kHz, ~§e�(Y) 2 h �¤�xÚZ
G�N. 3ð§ZH�¥ 80 ◦C ZH 6 h, ï���
�xÚ Mg (OH)2 ®". ò Mg (OH)2 �\�ª>{
¬, 350 ◦C �� 2 h, �Ñ��¡G MgO B��â.

2.2 α-Fe2O3 BBB������âââ������

^zÆ�D{�� α-Fe2O3 �â. ò FeCl3 ·
6H2O 11.6 g Mu 300 mL �Y¥, �3§Ý� 80 ◦C
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�^å��ìþ��, ,��ú\\ßÝ� 25%�
RY� pH ��u 8.5. 3 1.2 h �Ê���, ^�l
fY�EW*� pH �� 7, 80 ◦C ZH 6 h, 200 ◦C
�� 1 h, ï���� α-Fe2O3 B��â.

2.3 MgFe2O4 BBB������âââ������

MgO/α-Fe2O3 ��Ü¤ MgFe2O4 B��â.
ò 3.2 g α-Fe2O3 B��âÚ 0.8 g MgO B��
â (��' 1 : 1) ·Ü�, �3 100 mL ���¥,
\\ 50 mL ��lfY��þ!, ~§e�(¹
z 2 h �¤�kùÚZZ�, 400 ◦C �� 2 h, ï�
���k¬� MgFe2O4 B��â.

3 (J�?Ø

3.1 (((zzzÆÆÆ���AAAÅÅÅnnn

^ D/max-rA . X ��õ¬û�¤ (XRD) ?
1Ô�©Û, ã 1 ��(Y) Mg ®��� Mg
(OH)2 � XRD ãÌ, � X ��IOû�ké', �
¬� 9 �û�¸ ��IOû�kêâ��¬Ü,
�(Y)����Ô�X Mg (OH)2 �â.

ã 1 �(Y)�¬ Mg(OH)2 � XRD ãÌ

3�z�A�)�ÛÜp§!pØ�¸¥, Y
�©)�) ·H Ú ·OH gdÄ, ·OH äk4r��
zUå, Ó�M)3M�¥� O2 ��±u)gd
Ä�)�A�) ·O gdÄ. �z��$�)�À
ÂÅÚ�6, ¦ ·OH Ú H2O2 ?\��M�¥, d
u ·OH ¹k��é>f, äk4r��zUå, ´
upu�z���A. Ù�AL§�

H2O → ·OH + ·H

O2 → ·O + ·O

·O + H2O → ·OH + ·OH

O2 + ·H → ·OH + ·O

·OH + ·OH → H2O2

Mg + H2O2 + ·H → Mg2+ + OH− + H2O

�zí�3�$L§¥, ¦�N�ØS§Ý
p� 5200 K, Øå�� 5.05 × 107 Pa, ù«ÛÜ
p§!pØ^��3��m4á, §ÝCzÇ�
p� 109 K/s, Ó��kr��ÀÂÅÚ��p
� 400 km/h ���6, �J±¢y½Ø�U¢y�
zÆ�AJø
�«4à�ÔnzÆ^� [11].

3.2 (((zzzÆÆÆ���AAA���KKK���ÏÏÏ���

Suslick Ú Neis[12] �ïÄL², �z�AÌ�
u)3 100—1000 kHz �¥ª��S, 
 1MHz ±
þéJ�)�z�A. 3�(Å�^e, �N¥�
�zí�²{
)ä!Â !��!�$���
�X�ÄåÆL§. �X�(ªÇ�,p, í�)
ä�m á, �zØvU)�¤�zí�, ½®/
¤�z�, �Ï�Ø �mCá, �z�5Ø9u
)�$, 
¦�z�A~f.

e�3�p�(ªÇe�)�z�A, �ÏL
Jp(|rÝ��{, ¼��Ó�zÆ�A�J.
�(r�L�zK(Ø�¬éN´�)�z�, �
z���$��\��, �)�þ�¹5gdÄ
Ú�L 5000 K �ÛÜp§, zÆ�A�Ç�(r
�O��5O\ [13]. �´�(r�L,�4��
�, ¬Ñy�z�Úy�, zÆ�A�Ç�X(r
�O�
~�. Ï
�z�A��(ªÇÏ~À
3 20—200 kHz �m [14].

0�§Ý�´K�(zÆ�A�­�Ï�, é
u���zÆ�A, §Ý,pU
JpzÆ�A
�Ç. �´�þ�ïÄL², �$�§Ý (20 ◦C—
40 ◦C) k|u�(�z�A, Ï�§Ý,p, �N
¥�í�¹þò~�, í�Ø�9D4��UþO
õ, ���z�A~f. ,��¡, p§¬��M�
L¡Ñyr��Òzy�, ¦��5�í - �.¡
Ø²w, (Å���5�ÑÚÑ��Ñ��O\,
�¡���Uå~f, ~�
(r�|^Ç, ü$
�z�A�Ç [15].

3.3 MgO/α-Fe2O3 ���âââLLL���

^ JEM-200CX .ß�>fw�º (TEM) Ú D
/max-rA . X ��õ¬û�¤ÿÁ�¬�ºÝ!
/mÚÚzÆ¤©. ã 2 ´ Mg(OH)2 øY��
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� MgO � â � TEM, XRD ã ± 9 α-Fe2O3 �
â XRD ãÌ, Ù¥ã 2(a) ´�¬ MgO � TEM
ã�, �±w��â�/m�8�¡G(�, ºÝ
©Ù3 50—100 nm ��S, �â©Ùþ!. ã 2(b),

(c) � MgO Ú α-Fe2O3 � XRD ãÌ. ©O��ö
� X ��IOû�ké', �¬�û�¸ ��
IOû�kêâ��¬Ü, ¤����¬� MgO
Ú α-Fe2O3 �â.

ã 2 �¬� TEM ã�Ú XRD ãÌ

3.4 MgO/α-Fe2O3 ������ÜÜÜ¤¤¤���AAA

MgO/Fe2O3 �p§��Ü¤�A, 39åÆ
þ´���1�, ,
éu¬Ná�
ó, =¦
3 1200 ◦C �p§e, E,wØ��A²w?1. ©
ÛÙ�AÄåÆÏ�: 3 MgO/MgFe2O4 .¡

2Fe3+ + 4MgO = Mg Fe2O4 + 3Mg2+;

3 Fe2O3/MgFe2O4 .¡

3Mg2+ + 4Fe2O3 = 3Mg Fe2O4 + 2Fe3+;

o�A�

MgO(s) + Fe2O3(s) = Mg Fe2O4(s).

du¬�¥ Mg2+ Ú Fe3+ lf�*Ñ´ MgFe2O4

Ü¤�A�Ç���Ú½ [16], ,p§Ýk|u¬
�¥�lf*Ñ, r?�A�?1, ��X)¤Ô
�þÝ�O\, �A�Ç��ü$. �N�â�=
zÇ��AÔ�¬âº�!/G!�AÔm��
>¡È���', �AÔº��[�!�>¡È�
�, �A�Ç�p, �A�m��.

^ Q5000IR . 9 ­ © Û ¤ (, § �
Ç 10 ◦C/min, ÿþ¨� N2, íN6þ 30 mL/min,
§Ý�� 50—1200 ◦C), ÿþ MgO/α-Fe2O3 B�
�â·ÜN�9�þ��. ã 3 ´ MgO/α-Fe2O3

·ÜN�9­©Û (TG) Ú�û9­©Û (DTG)
­�. �±wÑ3\9§Ý� 100 ◦C Ú 350 ◦C
�k�þCz�4�¸, 100 ◦C ��k 6%��
þ����â¤¹Y©�u, 350 ◦C �2gÑy
� 12%��­y�, ���þ��Åì~�§Ý
,� 600 ◦C ±��þCzªu­½. ©ÛÙ�Ï,
3 200 ◦C—400 ◦C �§Ý��S, MgO Ú Fe2O3

m©�A)¤ MgFe2O4, ¿�ú�9, 3 350 ◦C �
3(¬Y¯�ízy�, �X�A(å, �þ��
Åì~�, u´ÀJ 400 ◦C �� MgO/α-Fe2O3 ·
ÜN��§Ý.

ã 3 �¬� TG Ú DTG ­�

ã 4 �¬� XRD ãÌ

ã 4 ��Ô MgFe2O4 � XRD ãÌ, � XRD
IOû�kéì, �¬�û�¸ ���¬Ü,
¤ � � � � ¬ � k ¬ � Mg c � N. ã 5 � �
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¬ MgFe2O4 � TEM!HRTEM Ú>fû�ã�.
dã 5(a) �¬� TEM ã�¥�wÑ;.�k¬�
(�, âÝ©Ù3 20—30 nm �m, âÝ©Ùþ!,
ã 5(b), (c) �¬� HRTEM ãÚ>fû�ã��w
��ß�¬�©ÙÚûÐ�ü¬(�.

�á�º�ü�B�þ?�, �â�'L¡È
:ì\�, L¡�f� êî­Øv, L¡�f�
UþpuNS�f, l
LyÑ4r�'L¡�A,
þf�AÚ÷*þf���A, ¦>f==�9-

uÒU3âfSÜ£Ä, zÆ�A�3�$§Ýe
¯��¤ [17].

,��¡, �(�z�A¦�N�âL¡(�
­#½�, L¡©fü�Ú>f©Ùu)Cz, �
âL¡¹5:Oõ, ?uæ­!pU¹5G�, O
r¿UC
á��zÆ�A¹5. 3�z��$�
)�ÀÂÅÚ�6¥, �N�â��Å$Ä, ¦�
â�m¿©·Ü�>, O\
�AÔ��>¡È,
?�ÚJp�A�Ç, ü$�A§Ý [18].

ã 5 MgFe2O4 � TME, HRTEM Ú>fû�ã� (a) TEM ã�; (b) HRTEM ã�; (c) >fû�ã�

4 ( Ø

1) (zÆ�A��Ñ MgO B��â, �N¥
����Ø3�(Å�^e, 3²{NÈ)ä!Â
 !��Ú�$L§¥, �)�]�4p§Ý!Ø
åÚÀÂÅ, ¦í�SíNÚ�N.¡�0��),
¢y
��^�eJ±�¤�zÆ�A.

2) ^zÆ�D{��Ñ α-Fe2O3 B��â,

MgO/α-Fe2O3 ·ÜN~§e�(¹z 2 h, 400 ◦C
��Ü¤��Ñ MgFe2O4 B��â. XRD Ú TEM
uÿL²�¬ MgFe2O4 �k¬�(�, �âº�
©Ù3 20—30 nm �m, âÝ©Ùþ!.

3) ïÄ(JL², �(�z�A�Jp�N�
���A¹5!O\�AÔ�'L¡ÈÚ�AÔ
�m��>¡È, r?��Ü¤�A�Ç, ü$�
A§Ý.
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Abstract
MgO nano-particles are prepared by ultrasonic cavitate, and α-Fe2O3 nano-particles are prepared by chemical precipitation

method, then MgO and α-Fe2O3 are mixed in a beaker. After the ultrasonic dispersion for 2 h, MgO/α-Fe2O3 admixture is calcined
at 400 ◦C to synthesize MgFe2O4 nano-particles. TEM and XRD tests show that MgFe2O4 takes on a spinel structure and the particles
sizes range from 20 to 30 nm. The theoretical analysis indicates that the ultrasonic cavitate effect enhances the reaction activity of raw
material, augmentes specific surface area and the contact area of reactant, which can promote reaction rate, reduce reaction temperature,
and make possible the chemical reaction that is difficult to complete in common condition.

Keywords: ultrasonic cavitate, solid state synthesizing, MgFe2O4, nano-particles
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