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Photocatalytic Activity of M(M=Mg, Ca, Sr, Ba, Ni)Nb2O6

AN Hui-Zhong, WANG Cong, WANG Tian-Min, HAO Wei-Chang

(Center of Condensed Matter and Materials Physics, School of Science, Beihang University, Beijing 100083,

China)

Abstract: Powder samples, NiNb2O6, MgNb2O6, CaNb2O6, SrNb2O6, BaNb2O6, were prepared by

solid state reaction. Crystal structure, optical and powder morphology of the samples were analyzed

by XRD, UV-Vis diffuse reflectance spectra and SEM. The photocatalytic properties were investigated

by degrading rhodamine B under UV irradiation. The substitution of alkaline-earth metals for Ni

improves the photocatalytic activity of MNb2O6. After UV irradiation for 10h, the concentrations of

RhB/SrNb2O6 suspension and RhB/BaNb2O6 suspension are degraded to 21% and 37%, respectively.
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1 ?:��gkm�V�3a903�BGa�0A
̂ �q��gO�km�2*�kP�=�}�q
��g)a"P��k'9�P&k&
$H — �H - �H/	^8P{�^7�w$�9&V���?lh5K���NZ"*�� [1]. ��gkm�V�xw#T�q_SP	kV�P�}>�W7f���p_�s�	h5W�BGa�Os���"a [2−12].

2003 R�����F9\_
 (Jinhua Ye)}L(P (Zhigang Zou) �oP�	(�#��
NiM2O6(M=Nb, Ta) �Fzk}�Fk���EZGP& H2 �[O [13]. NiNb2O6 �Sl�Wa	

�Oh�	�?}� Pbcn, u� 2.2eV, ��Fk}Fzk�wRz�EZbG0' H2 �P�	~{>PK O2− V�� O2. �HD NiNb2O6 �m�V�P�9>k
h�v*_� Ni � NiNb2O6 7�7=	Hq7=�Cv_�|L	f*�/ Ni �yx
5mmvCv_�ix�d�0 MNb2O6 �HWa	,e=u �d- O2/H2O �)���	%l�V�P�- NiNb2O6 T	�Yuw�P�	T=P�km�E!
+[Oab�Cv_�|Lyx Ni 	�� MNb2O6 �km�=3
*RWt4D	SrNb2O6 �Fzk��m�=P%/Rz
$o��� 2006–09–18, $f7no���2006–11–22|�2�� $rZX�Nr�^ (204031); q8J��E�^ (50471004); /17r>�G�Z4�KE�����6 (1978– ), K�;0Nr%� E-mail:an
−

huizhong@163.com. &8
,��|j��P;� E-mail:cmpc@163.com
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5 b ��5��� M(M=Mg, Ca, Sr, Ba, Ni)Nb2O6 �ikÆ<O�Mq 923

2  ;
2.1 =�jHWKEÆb�C.`R5� CaCO3 � SrCO3 �
BaCO3+���� [14]0'� NiOE7{EÆb�
Nb2O5�F6- 1:1���OE|�	uf%?l<0'	� MgNb2O6, CaNb2O6, SrNb2O6, BaNb2O6,

NiNb2O6 Hg (?l�) 1150◦C, ?l(? 24h).

2.2 ^�j\FY[�hgWaEÆmv�+�F\I�
D/max 2200 pc4K# X�"P�b (Rigaku-Japan,

D/max 2200pc Automatic X-ray Diffractometer)d:J6	P��� Cu� (Cu Kα, λ=0.15406nm). HH�Fz - �F.?�a�Vw%Er� Cintra-10e4Fz - �FEkk)5�d:	d BaSO4 �I�Y[
71EÆmv S-3500N(HITACHI) �?�nd:gL

2.3 se{6�`#mv/+zD B(RhB) �!G�^�NZ("���� MNb2O6 Hg�km��=
*R7:��R�kkG�Y[/�!EH��Nq�
K 20mL 2mg/L � RhB { 0.1g MNb2O6(M=Mg �
Ca � Sr �Ba �Ni) Y[��	U#E� 10 min �y�al- 24h. ��KY[�2E�	y�Kp^��!�Ns�8:Sa (RhB � 553nm) Jek�8(d|"�!�Hg���N�,�U)N�
�Kd�WY[{O�I�Y[� RhB(q�+U)o�) -y Philips \I� 8W Fzk
 (:S 253.7nm) ���	k���^4=�y��
65mm, 6Ua"(?yafY[	��D?:Jek�8(
k�8(�J���wj;�Fbgw \I&P� 722N 4�FEkk)5�d:
Xvk�8(|" RhB )NZ��
�!�NZ+tu%/U) (Ci/C0)×100% 4/

3 �uw%�
3.1 ^�\Fs 1 � MNb2O6 HH� XRD EÆ
Z0'�
NiNb2O6, MgNb2O6, CaNb2O6, SrNb2O6, BaNb2O6|�|a%	e7 NiNb2O6, MgNb2O6, CaNb2O6 ��OWa	 SrNb2O6, BaNb2O6 �y|.h�
�HDXC Mg, Ca, Sr, Ba �H�F��s	�H�o�s	�,hgWaP&RsO/
s 2 � MNb2O6 �Fz - �F.?�a
mv

r 1 MNb2O6 GG� XRDr` (M=Ni, Mg, Ca, Sr,

Ba)

Fig. 1 X-ray powder diffraction patterns of the

MNb2O6 (M=Ni, Mg, Ca, Sr, Ba)

r 2 MNb2O6 �Ey - �E->�` (M=Mg, Ca,

Sr, Ba, Ni)

Fig. 2 UV-Vis diffuse reflectance spectra of MNb2O6

(M=Mg, Ca, Sr, Ba, Ni)/k�8.P$�5T	� NiNb2O6, MgNb2O6,

CaNb2O6, SrNb2O6, BaNb2O6 Hg�u�E7�
2.23�3.57�3.93�3.64�3.51eV.us�F	NiNb2O6��Fk�}M (λ >420nm) wD��8	5Cv_�ix Ni �Hg&�Fzktw�8
{e�8ka%K�	 NiNb2O6 ���	e\HH|���
 NiNb2O6 V�)#� [13] ��Fk���PEZGP& H2, ~3/ NiNb2O6 ��Fk�NZ RhB (48h) �6R9� RhB �?li�U)4w/�	HD^��Fk�/d9�!4wkNZ�+t

3.2 ^�4�\Fs 3�MNb2O6(M=Mg, Ca, Sr, Ba, Ni)� SEM�X
us�F	MgNb2O6 �CaNb2O6 �NiNb2O6���[o�� 1µm, ��7?Rn�	91�r?	hd��"?,3R,;�SrNb2O6} BaNb2O6���Y�is	�� 3∼5µm, 7?)>n�	h
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924 � " C � D ! 22 zdWa=J	n��1�$

3.3 se{!<

RhB �WHHY[���N�3mvJ"1A RhB �^U){ RhB/MNb2O6 BLg�)^U)"N	��	�4 1 Z/
u4�F	;

MgNb2O6, CaNb2O6, NiNb2O6 � RhB �^��al- 24h �{1A RhB �U) +4wN7	4D�,Y[HH/�!EH/	4w�N
5
SrNb2O6, BaNb2O6 / RhB wa"��N	E7,
RhB U)N�� 96.5% } 97.5%. W�s 3 �71�d~_	V� SrNb2O6 } BaNb2O6 ��oRs	-4=%R(	~3uy7?>n�	��,3vY77W?1��	��(Rs	4==J	w�y�N - wNvY�9&
5�oR(� MgNb2O6,

CaNb2O6, NiNb2O6 V�wRs�-4=%	~3,3`;	&wzA��P�N�!EH	w+4=%R(	hd�NRN
s 4 � MNb2O6(M=Mg, Ca, Sr, Ba, Ni) Y[�Fzk���/ RhB �^�NZv"
� STD of

RhB��1A RhB�^ (2mg/L)�Fzk����/-6R
us�F	MNb2O6(M=Ni�Mg�Ca�
Sr � Ba) / RhB �NZ&�".?l
 RhB �Fzk���+ �9&R��NZ	6R4D	
8WFzk� 10h,eU)N� 88.5%. 5Fzk�
MgNb2O6 / RhB �NZO(- RhB �KNZO(�(	- MgNb2O6 NZ RhB �?lO(RF
k=1.11h−1 (y RhB�KNZO(RF k=1.13h−1,hd MgNb2O6 xwe0 RhB NZ�Oq
�OW

r 3 MNb2O6(M=Mg, Ca, Sr, Ba, Ni)� SEM�W
Fig. 3 SEM images of MNb2O6 (M= Mg, Ca,

Sr, Ba, Ni)

(a) MgNb2O6; (b) CaNb2O6; (c) SrNb2O6; (d)

BaNb2O6; (e) NiNb2O6[ 1 +qD��-�G 24h ��h0l�k
Table 1 Relative concentrations of samples without UV irradiation for 24h

NiNb2O6 MgNb2O6 CaNb2O6 SrNb2O6 BaNb2O6

Relative
100 100 100 96.5 97.5

concentration/%
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5 b ��5��� M(M=Mg, Ca, Sr, Ba, Ni)Nb2O6 �ikÆ<O�Mq 925_
 NiNb2O6 { CaNb2O6 
hj
)r�*#n�
h� 10h �e�S'C5L~ 67% {
63.5%, =iM&QE{~ k=3.61h−1. {-f�
 BaNb2O6 { SrNb2O6 
hj
)r, NiNb2O6{ CaNb2O6 
)rx�h� 10h ���S'C5L~ 37% { 21%, =iM&QEC5~ k=6.17h−1{ k=7.40h−1.U~B�
,=�_�
X4�8�'
tq
2 �D�SrNb2O6 { BaNb2O6 
Dxhs
�7,
MgNb2O6 { CaNb2O6 j�,IDxh<
~
CN
N�j�g
hj
)rQx
U~ NiNb2O6
Dxhsv�j
�7�}tx

�DhsZv�7�Nt��Y
(&8
�G
T
N���-��
LX)rtM

TPJ MNbxOy4�Nt
_Vwv_!
m% [15,16], _�
 Nb
 4d o�~�t (
0�n�(~0� (pH=0),�t~ –0.7eV); 4<t
_Vv�8A-Æ (1) <tt O 
 2p o�z\>
 s o��
_V�


InNbO4 4<t2t O 
 2p o�z In 
 5s o��
_V� (2) <tt M \>
 s o�_V�


BiNbO4 4tx O 
 2p o�, Bi 
 6s2 o���g
<tt Bi 
 6s2 o�_V� (3) <tt O 

2p o�_V�
 Sr2Nb2O7. g
*5QYLp
	8TPJ
�t�ZnWi~ Nb 
 4d o��t�
=n2tx<t=n�+

tAt\>hv Ni 
TPJU~t�Q	�:�n�Dh�}2<t�, O2/H2O(
0�n�(~0� (pH=0),T
�}��~ +1.23eV) ��0�#i�T
;, NiNb2O6 x�0
}2B�
hj
;N=a<NtU_
m&�4l<
[gK
B�
5/��GU_�2<U_Æ
^nm&�g
8=2<t��j
)rt_!�x�
 CaNb2O6 
t�~ 3.93eV, 2�	8TPJ4Mq
�}2hj
)r%z NiNb2O6 Se
#x��M-hj
)rZv�qm&
tq
4{2 1-��
}℄��M��QM
 MgNb2O6,

CaNb2O6, NiNb2O6
hj
;NZQM��MQj
 SrNb2O6, BaNb2O6 
hj
;NZ#iQx

Zhao Æ [17] Z�k �u8$
j
12<
hj
=i��A%v(�M

1FN(LX

���℄4�hj
1��2<9�z��CG

S`�I_!�
��CG�M

�;41�8p�_!
�M\�

Dxh����hj
12<
�C�G8$�h�O$
�GI�M
��2<
��CGT
�4(&8
�G(��e2<�M
 O2 <��5VTTIt� O•−

2 ,b45V H2O2 {V�It� •OH. 4 O•−

2 , H2O2 {V�It� •OH %wv�j
T
;�NI��CG^�!){z


Æ��-��
�MN����I2,+
h����2<O$�h$�G{�G�℄7Z3v!�z��CGS`�g4L�LXv!

)&

3.4 bx}AÆg�12 22=n1�j
1-#nn� RhB(20mL

×2mg/L)LX#n'> (10h)�e�
#-S'
t2 2 � �:�#n1�
	8B��hj
)r%2 SrNb2O6 Mx� BaNb2O6 e!�8%A�xx
[�8B�
-�B	8B��WBj
1n�
�:�hj
)r�2;H�j��:��p� 0.2g �)rp��{�6A�:n�hj
)rZ=��j
�2g~
j
1n�Q�'���CG
��Tuj
1��Nb�M
�
WBj
1n�
�:���CGNz��\CS`�hj
)rA�:j
�j
1
:�p�_!���tx��
+2�%vd℄[<
��v!�z��CGS`�L���
�;413v���n�g
hj
)rp��{


r 4 0.1g XZ. RhB(20mL×2mg/L) �MYN'u!
Fig. 4 Degradation velocity contrast curves of different

kinds of powders(0.1g powder degrading 20mL×2mg/L

RhB)
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926 � " C � D ! 22 z[ 2 ℄'I�h
y~l RhB h��3thX� (��� 10h)

Table 2 Effects of photocatalysts amount on degradation of RhB (10h)

Quantity/g MgNb2O6/% CaNb2O6/% SrNb2O6/% BaNb2O6/% NiNb2O6/%

0.02 91 90 61 51 68

0.10 89 63.5 21 37 67

0.15 72 56 15 28.5 62

0.2 66 51 8 24 60

0.5 64 50 7 22 60

4 ��ind#�U:.%���ehj
B�
NiNb2O6, MgNb2O6, CaNb2O6, SrNb2O6, BaNb2O6Fe
�n XRD -
FefeU_b8�C�
�n UV-Vis ,=�_-
h_;1b8�Lp�k3S NiNb2O6, MgNb2O6, CaNb2O6, SrNb2O6,

BaNb2O6 Fe
t�C5~ 2.23 � 3.57 � 3.93 �
3.64� 3.51eV.
Dxh�VWYLX RhB 
hj
)QLp2A�At\> Sr �Ba- NiNb2O6 4
Ni 
wvN�x�
QTPJ
hj
)r�

10h Dxh���NC5I RhB 
S'LX�}

 21% { 37%. WBj
1n�
�:�hj
)r�2A��j�~�
:��p� 0.2g �p��{
_
).
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