
� 50�    � 5�                                ��������	                                    Vol.50,  No.5 

2021�      5�                      RARE METAL MATERIALS AND ENGINEERING                           May  2021 

 

�����2020-08-04 

���	����	
���	���2017YFC0210303���������������2019M20182208050� 


���� !"#"1996�$"%&$"������'��(�)"*+ �� 650500"E-mail: 3173367476@qq.com 

 

��������	
������ 

 

���������  	�
  ���� 

 (������"*+ �� 650500) 

 

�  ��,-./0123456789:";<=8>?8@ABCDEFG78HI,JKBLMN78"OPQR

STUVGWXYZJK[\]^< XRD_ICP_SEM_EDS_XPS_BET`ab:cdefg_CDhi_Hjkl_

EFkm_nHIo`pqWHr]st"OPuvwx@ayzcMN{|pqW}��j~���������=�

c����"}�W��b:c��'��]f�H������78fgk�c�����JKBL��'MNb:"

��YZJK[\�a���Nc�N���  99%,���¡t�¢£¤¥ 240 min¦�,A 98%c§:��"�¨�

�¢£¤¥ 360 min¦��©6 93.5%]Y¦"f�Hr0}�f�ª«W��'MN¬�"�®b:¯°�N±m6

²{³�N]´

����MN78�B���'MN¬� 

�������TB34        ������A        �����1002-185X(2021)05-1817-09 

 

��������	
����������

������������	
�����	 !"

#$%����&�'%(����)*+�	 �

,��-./�0�1�23

[1,2]

4��!"5#67

�89�:;�!"�<=>$:?@(A��B)�C

D�EF>@GH0��$I��B'JK��B)

LI��B

[3,4]

4>M�LI��BN#$OP���

)QR�STO�1��>UVWXYZ[\]^_

`'a'b[\cdef��

[5-8]

4gYZh
[\�

�ijk[\lmn?opqr�st4��Su�

vwx��!"N#$*+����'vwx�;'

ny?z{|)}~�c���j��)vwx��

��O���

[9]

4 

j��wxB�������v�1���X�

T�Gvwx�>1���O����UV����

�x'���'��)��X�

[10]

4MoO

3

5���

V� ��!"�#6¡¢;£�E¤v�wx:¥

+�¦§;¨��©c��

[11]

4Nª�«h
�vw

x��#${+�1���4g5>ij��I�C

¬���:¥C�®c¯°4±²³²´Eµj¶

·�¸¹º»¼@\�½�¾¿����À��1�

xÁ�1%,Âef

[12]

�NªÃ�±²³²´Ä6Å

«ÆÇÈÉ�!"�ÊefÅËÌÍÎ4L~Ï SiO

2

#$�ÐÑ�'©Ò��'|Ó�����5��Ô

�ÕÖ����LI!"

[13]

4Nª�µ×ØÙÚÛ

SiO

2

ÕGÖ��Ä6Å«Æ��Ü²4¨� SiO

2

{0

��ÝÞß)ÐÑ;3�Cà;�0��[\���

�áâÞß�ãEµäåvwxI�Ëæ$I �$

:ÐÑ4çè�ãéêÅ«[\���&�µëì«

h
���I�4í

���� ��

����������

îï�ðñ]12%òód�ô�õöxÁ÷B$ø

ùúû	ü�ýþ��]òó 1 mol/Ld'��È«þ

�]@��d�?�Y	xÁ÷B$øùúû	ü�


þ]òó 30%�40%d�����	 ��$ø�

�ùú	ü����'����'��É�J�� 

!xÁ÷B"�$øùú	ü�#x�]@��d�

O$v%"�$øùú	ü�L�&'4í

�����	
���������

(�ß�G 1:1.5 ��ðñ) NaHCO

3

@)*�

90~100 +��,-M./ 5 min4j0� 400~500 

r/min'1ó 90~100 +����F./+��ðñ)

NaHCO

3

j�1,2M345È�1 20 min4F0�

67 200 r/min�8p�9:./;Dc�<��ðñ

) NaHCO

3

�1 20 min4��= HNO

3

6>±? pH�

@�9�~A�«þ�±?BC�1 1 h4�1DEF�



µ1818µ                                        ¶·�¸b:¹�(                                             � 50� 

 

�G[\�HIJK 3 p�FÉ�*� 120 +LMM

NO 3 h4PFFNOÉQ*� 550 +�RSTMUV�

AÄ¼«Æ��Ü²4�1W�^X 1û.4 

�����������

Y�Z[\]"$øùú	ü� X ^_`^a

(XRD�X/pert-3�)�!"efÝb�éÎc�«[\

F�Ü²Ïd�ef�WXghiÈc[\�j^v

Pa]ICP�720-ES �d�h
kAef~A@��

¨ � l m g n o p ! " � Ï q (SEM� Tescan 

VEGA3SBH �)��� X ^_vg\;P  (XPS�

ESCALAB250Xi �)�!"Mh
�ydef@��

µrgÄs;Pa(EDS�Mod550i�)�!"Mh
�

kAeftu�¨��ÝÞrÛv@�a (BET�

JW-BK22 �)�wx��ÝÞß'y�c1ÐÑzÑ

{_'ÛvcefÅtu�¨�|vé} DCFH-DA 

ef&�~tu4 

������������

���;ËÌY��[���0���]E.colid

GËÌ��]������_CCTCC AB 204033d�

Luria-Bertani (LB) ���ÕG�����û����

~A�����'��É'#x�'G[\�c��

���	����4��ËÌM��F��=��û

��òó]WX�è-E¤@vvó�uA>j��600 

nm��v�ó�d�KFF 100 µL=�+����9

10 mLG[\�M�� 0.1 gÄ6+�!"�@5È�

���1����� 20 min�D¸� �9!"��

�±?¡�D��ÕG¢��£ËÌ4GÅ�ËÌ;

%¤o¥�æ!"����;�Ã�¦§½¨´F�

?¾¿¥¦j�����KFF����*��1�

�MM�� 12 h�PFWX������©ª�¢�

ËÌ�£F�«!"����(R

a

)_ 

a

100%

A B

R

A

−

= ×

                        (1) 

>M�AG¢��£ËÌ��©ª�BGc�!"F�

�©ª]Ã� Czone 5F�©�ª¬6�d�®¯w

xËÌ�°H±�(½¾�4çèjËÌ�GÅ²£ 

 

 

 

 

 

 

 

º 1  FBMN78JK»( 

Fig.1  Preparation process of molybdenum antibacterial silica gel 
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Fig.3  Relationship between load and additive concentration of 

molybdenum ion 
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Fig.4  Antibacterial performance test chart 
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Fig.5  Relationship between antibacterial rate and additive 

concentration of molybdenum ion 
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Fig.6  Relationship between antibacterial rate and reaction time 
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Fig.7  SEM morphologies of support SiO
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Fig.8  Particle size distribution of SiO
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Fig.9  Nitrogen adsorption-desorption curves of the materials 
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Fig.11  XRD patterns of silica gel under different conditions: 

(a) different pH values and (b) loaded and unloaded 
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 12  ����� XPS � 

Fig.12  XPS spectra of antibacterial silica gel: (a) full spectrum, (b) Si narrow spectrum, (c) O narrow spectrum, and (d) Mo narrow spectrum 
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Fig.13  UV-visible diffuse reflectance spectra 
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Fig.14  Absorption spectra and degradation curves of materials: (a) SiO

2

, (b) dark, (c) visible light, (d) UV-light

 

absorption spectrum, 

(e) photocatalytic degradation curves 
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Fig.15  Effect drawing of molybdenum ion sterilization 
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Fig.16  Fluorescence spectra of composite materials 
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Fig.17  Photocatalytic antibacterial mechanism 
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Fig.18  Recyclability of antibacterial materials (a) and antibacterial 

rate curve (b) 
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Preparation and Properties of Molybdenum Photocatalytic Antibacterial Materials 

 

Xia Zhenhao, Tang Xiaoning, Zhang Bin, Li Yang, Yao Xiyan 

(Kunming University of Science and Technology, Kunming 650500, China)C

C

Abstract: With sodium bicarbonate and sodium silicate as silica materials, molybdenum ions were loaded onto silica gel surface by sol-gel 

method to prepare antibacterial molybdenum silica gel. The best preparation conditions were obtained by single factor experiment. XRD, ICP, 

SEM, EDS, XPS and BET were used to characterize the crystal structure, ion concentration, apparent morphology, loading form and specific 

surface area of the material. In addition, the antibacterial properties of the samples were tested by plate coating method. The photocatalytic 

effect of the composite was investigated by observing the degradation of methylene blue solution under different light sources. The results 

show that molybdenum photocatalytic antibacterial material is successfully prepared without changing the structure and morphology of silica 

gel, and the bactericidal effect on Escherichia coli under the best preparation condition is over 99%; 98% of the dyes can be degraded after 

240 min of continuous irradiation with ultraviolet light, while 93.5% after 360 min of continuous irradiation with visible light. Finally, the 

antibacterial mechanism of photocatalysis was discussed based on the results of characterization and detection, which proves that the main 

sterilization method of the material is reactive oxygen species sterilization. 

Key words: antibacterial silica gel; molybdenum; photocatalytic antibacterial mechanism 
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