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834 � � & k * � 21 LrX_gY�MIf�ZCO�9g��o�	.^��o�G4FAl�nI3XFA�LojX 750 Æ 950◦C p�}< 4h �./�m-\'IQ�	bF X ?�2? (XRD,

D/max–rA),8}Xr�vD (SEM, JSMT20), n?Xr�vD (TEM, CM200/Philips, 200 kV'\X-) 
/�?#jp�Æ�`	yj0HÆx^XC2�z�jOzF�zy
�J4�. Mg(NO3)2 Æ H3BO3 � 1:2 ����$'Æx^�X 750◦C }< 4h �.`M/�k

o 1 W 750◦C �|; 4h �.�N XRD o�
Fig. 1 XRD patterns of the products calcined at

750◦C for 4h

7?#jp�Æ+S	
3 �
�'�XbF XRD, TEMÆ SEMp�d��F%℄rX8
7�%:Vi	p 1b N

Mg(NO3)2: H3BO3:C6H8O7·H2O=1:2:5 �2?# 750◦C }<�/�O XRD p�	aO2?qM)Da3� MgB4O7(a=0.860nm,

b=1.372nm, c=0.795nm) 
B�2?WJM 31-0787JCPDS O � �s 	p 1a N
 Mg(NO3)2:C6H8O7·H2O=1:5 �2 ?#
750◦C }<�/�O XRD p�	aO2?qMem� MgO(a=0.421nm) 
B	

o 2 #j Mg(NO3)2:H3BO3 �
�1 750◦C |; 4h .�N TEM \�
Fig. 2 TEM images of the as synthesized samples with different ratios of Mg(NO3)2:H3BO3

(a) 1:0; (b) 1:1; (c) 1:2; (d) 1:3
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11 - �1hg��℄t�y� 835p 2 N 750◦C }</�O TEM ℄�	 Mg(NO3)2:H3BO3:C6H8O7·H2O �2O�dp�y 1:0:5(p 2(a)), 1:1:5(p 2(b)), 1:2:5(p 2(c)) Æ 1:3:5(p 2(d)). $' H3BO3 G�C4�NfFy 45nm O MgO �zRf	 Mg(NO3)2:H3BO3:C6H8O7·H2O �dy 1:1:5 Æ 1:2:5 O�2h�9O�zZOeFkwp�N 100∼200 Æ 200∼500nm. F Mg(NO3)2:H3BO3:C6H8O7·H2O�dy 1:3:5 G��z�2_�a�H�o�yrQ O"	�z�OF2�U=i�[8
Mg(NO3)2 Æ H3BO3 O�dZWh��dSxF2�SC	p 2(c) jO,pN MgB4O7 �z�O)$Xr2?p�U
 MgB4O7 �z�NDAO	Hp 2 �U=P9�z�>LC24V	

o 3 Mg(NO3):H3BO3:C6H8O7·H2O=1:2:5 �1 750◦C |; 4h LHN MgB4O7 �y�N SEM \�
Fig. 3 SEM images of MgB4O7 nanorods synthesized by heat treatment of

Mg(NO3):H3BO3:C6H8O7·H2O=1:2:5 gel at 750◦C for 4h

(a) Top view; (b) Cross section view

o 4 Mg(NO3):H3BO3:C6H8O7·H2O=1:2:5 �1 950◦C |;LHN Mg2B2O5 �y�N XRD o� (a)
 TEM o� (b)

Fig. 4 XRD pattern (a) and TEM image (b) of Mg2B2O5 nanorods synthesized by heat treatment of

Mg(NO3):H3BO3:C6H8O7·H2O=1:2:5 gel at 950◦Cp 3 N Mg(NO3)2:H3BO3:C6H8O7·H2O=1:2:5 �2 750◦C }</� MgB4O7 O SEM ℄�� (a) N\Rp� (b) N6{p	pjk7U=4b�zZX"Evz$N
N4VC2O�Xk;v$
zy�OC2m��[�5�℄�C2	p 4 N Mg(NO3)2:H3BO3:C6H8O7·H2O=1:2:5 �2X 950◦C }< 4h /�O XRD p�Æ TEM ℄�	aO2?qM)D5�� Mg2B2O5(a=0.615nm, b=0.922nm, c=0.312nm, α =
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836 � � & k * � 21 L
90.47◦, β = 92.15◦, γ = 104.4◦) 
B�2?WJM 15-0537JCPDSO��s	U
Xv�_
}<G�/�M 750◦C G$k��z�OAf[ gCj���MIO Mg2B2O5 �z�OeFRy 170nm.

o 5 Mg(NO3):H3BO3:C6H8O7·H2O=1:2:5 �1W#j~^�|;.�N TEM o�
Fig. 5 TEM images of the samples synthesized by heat treatment of Mg(NO3)2:H3BO3:

C6H8O7·H2O=1:2:5 gel at different temperatures

(a) 450◦C; (b) 550◦C; (c) 650◦CJ4j�X�z��`sIg���#Rf�`=Uqb�z�OC2�_$N VLS�_ [18,19]. y(℄J4�_�X 450 � 550 � 650◦C . Mg(NO3):H3BO3:C6H8O7·H2O=1:2:5�2}< 4h. J4:	+p 5. X 450◦C 
}<sIC4�z��n8N�zRfÆX 550◦CG:j�zRfs�I=h�z�C4ÆX 650◦C GC4jChO�z��p 5(c) O,pN)$Xr2?�HpU
 650◦C C4O�z�NdAO	:�J4�5��v.yU=Fu���_Z<P�^u�z�OC2�5	 H3BO3X 250◦C yJp<4 B2O3, B2O3 X 450◦C yJ0�	_p�_ODx�Mg(NO3)2 X 330◦CyJp<	jBm5L3
�
4H3BO3 = 2B2O3(solid) + 6H2O(gas) (1)

2Mg(NO3)2 = 2MgO(solid) + 2NO2(gas) + O2(gas) (2)

MgO + 2B2O3 = MgB4O7(solid) (3)

2MgO + B2O3 = Mg2B2O5(solid) (4)

MgO �Rfp6I0/O B2O3 :Tj	^� B2O3 :TI� VLS �_C2GO>U��#Rf;7�zy�z�OC2���*� MgO RfÆ B2O3 jB	:b B2O3 	T MgO RfC4�^u�z�	HLx�>?:A�`=X4S�_GfIdA�z�C4�4x�_G (3 750◦C =:) )�C4DA�z�	�yX 750 Æ 950◦C GO�℄�p�y MgB4O7Æ Mg2B2O5, `=���X 750◦C C4 MgB4O7, X 950◦C C4 Mg2B2O5. X$'Æx^O
�J4j�iC4eFMUO�z��C4�O"o$�Y�7Ap%kw�4C	U+Æx^XJ4j�IKjB/�MU�*�C4�7AOzF	
4 ��F22 - �2i $k�_�(}<h�j�^u (MgB4O7 Æ Mg2B2O5) �z��{J XRD :	g� 750◦C }</�y MgB4O7, 950◦C }</�y Mg2B2O5. {J TEM :	
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Synthesis of Magnesium Borate Nanorods by Sol-Gel Process

JIANG Ji-Wei, WANG Lei, YANG Qing, YANG De-Ren

(State Key Lab of Silicon Materials, Zhejing University, Hangzhou 310027, China)

Abstract: The magnesium borate (MgB4O7 and Mg2B2O5) nanorods were fabricated with

magnesium nitrate, boric acid and citric acid as the starting reagents by the sol-gel method.

The structures and morphologies of the nanorods were characterized by X-ray diffraction (XRD),

scanning electron microscope (SEM) and transmission electron microscope (TEM). The results

show that the products synthesized by calcining were MgB4O7 at 750 ◦C and Mg2B2O5 at 950◦C.

The ratios of diameter and length of the nanorods can be controlled by adjusting the proportion

of Mg(NO3)2 and H3BO3. The self-catalytic mechanism was used to explain the growth of the

magnesium borate nanorods.

Key words sol-gel; magnesium borate; nanorods


