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Fig.1  Preparation process of zinc-terbium antibacterial silica gel 
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Fig.2  Relationship between antibacterial rate of material and 

zinc ion concentration 
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Fig.3  Relationship between the amount of load and the amount 

of zinc ions added 
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Fig.4  Relationship between antibacterial rate of material and 

terbium ion concentration 
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Fig.5  Relationship between the loading of terbium ions and zinc 

ions and the amount of terbium ions added 

0.2 0.4 0.6 0.8 1.0 1.2

40

50

60

70

80

90

 

 

Concentration of Zn

2+

/mol·L

-1

A
n

t
i
b
a

c
t
e
r
i
a
l
 
R

a
t
e
/
%

0.000 0.002 0.004 0.006 0.008 0.010

68

72

76

80

84

88

 

A
n

t
i
b

a
c
t
e
r
i
a
l
 
R

a
t
e
/
%

Concentration of Tb

3+

/mol·L

-1

0.00

0.03

0.06

0.09

0.12

0.15

 

 Content of Tb

3+

C
o

n
t
e
n
t
 
o
f
 
T

b

3
+

/
%

Concentration of Tb

3+

/mol·L

-1

 

0.8

1.0

1.2

1.4

1.6

1.8

2.0

 

 

 Content of Zn

2+

C
o

n
t
e
n

t
 
o

f
 
Z

n

2
+

/
%

0.0005 0.001

0.003 0.005

0.007

0.009

0.2 0.4 0.6 0.8 1.0 1.2

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

 

 

 

C
o

n
t
e
n

t
 
o

f
 
Z

n

2
+

/
%

Concentration of Zn

2+

/mol·L

-1



�2670�                                          �������	
                                           � 48� 

������� 0.003 mol·L

-1

�	���
��
�

�����	����
��
���������

������
� !"#$%&'(���
�

��)�����*� 0.003 mol·L

-1

�	+,-.


/0123456	7����6���
��
�

����8)�����9� 0.003 mol·L

-1

�	��

+,(
-.:�
���;<=>	?@A���

� 

BCD 	���EF%���G+,(


HI	J�KL���
��
�*	&'
MNO

P7������� 

2.1.3  ������-��	
��	�
�� 

QR�ST#$�-�UN+,VNO
WX7

YZ[	7�\"]GQR�S^ 0.5_1_1.5_2_

2.5_3 h
`a�b�����^ 0.8 mol·L

-1

	cd�

����^ 0.003 mol·L

-1

e	fg%BhQR�Si&

'UNO
#$	jklm 6 no��m 6 �p	G

0.5 h~1.0 hQR�Sq	&'
UNO�����	

QRrs 1.0 h �	&'
UNO34t9 87%	)

QR�Suv 1 h w	&'
UNO������x

yz{T7^G 0.5~1.0 hQR�Sq	+,|}~�	

G��(����	n����6�������G

+,�	����
D �~��)QR�Suv 1 h

w	QR��(
�����
��	��+,��

BC����	n�&'
|}D�	��N���

���*	UN� ��	n�&'
UNO�*� 

^%]�QR�ST¡iUN+,
|}2#

$	¢£¤¥|��¦§im 5 (
 6 ¨UN,rs

©ª	jklm 7_8no�m 7^|}�«m	Jm

�p	@AQR�S
¬­	|}�«®¯°®±²	

³�&'|}´�	µ|}�«���´¶�m 8 ^ 

 

 

 

 

 

 

 

 

 

 

 

 


 6  ������������� 

Fig.6  Relationship between the antibacterial rate of material and 

the reaction time 
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Fig.7  Particle size distribution of antibacterial silica gel 
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Fig.8  Relationship between the average particle size and 

the reaction time 
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Fig.9  XRD patterns of silica gel doped with different elements 
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Fig.10  SEM images of antibacterial silica gel: (a, b) Zn-silica gel and (c, d) Zn-Tb-silica gel 
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Fig.11  EDS spectra of antibacterial silica gel: (a) Zn-silica gel 

and (b) Zn-Tb-silica gel 
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Fig.12  XPS patterns of zinc-terbium antibacterial silica gel: (a) full spectrum, (b) Zn narrow spectrum, and (c) Tb narrow spectrum 
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Fig.13  Effect of materials on the growth of E. coli 
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Fig.14  Antibacterial performance of the silica gel: (a) blank, (b) silica gel, (c) Tb-silica gel, (d) Zn-silica gel, and (e) Zn-Tb-silica gel 
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Fig.15  Adsorption fit curves (a) and specific surface area and 

aperture (b) of the antibacterial silica gel 
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Table 1  ICP-OES quantitative analysis (ω/%) 
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Zn-silica gel 1.05 - 

Zn-Tb-silica gel 1.82 0.073 
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Preparation and Synergistic Antibacterial Mechanism of 

Terbium/Zinc Antibacterial Silica Gel 

 

Mao Huaming, Zhang Bin, Tang Xiaoning, Hu Yanling, Jiang Miaomiao, Chen Yifan 

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

 

Abstract: Terbium/zinc antibacterial silica gel was prepared by sol-gel method. The better preparation conditions were obtained by 

controlling single factor variable experiments: the concentration of zinc ion 0.8 mol·L

-1

, the rare earth terbium concentration 0.003 mol·L

-1

 

and reaction time 1 h. And as-prepared materials were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), 

X-ray photoelectron spectroscopy (XPS) and inductive coupled plasma emission spectrometer (ICP) analyses. The results show that the 

antibacterial silica gel is amorphous, and its structure is fluffy and porous. The zinc and terbium exist in the form of ZnO and Tb

2

O

3

, and 

the contents of Zn and Tb are 1.82% and 0.073%, respectively. The antibacterial test results show that the material has an inhibitory effect 

on the growth rate of E.coli. The antibacterial rate of the material after adding rare earth terbium increases from 72% to 87%. Synergistic 

antibacterial effect of rare earth on materials was judged by synergistic effect factor (SEF) and synergy coefficient (T/E), and terbium is a 

synergistic antimicrobial agent in materials. The synergistic antibacterial mechanism of rare earth was preliminarily analyzed through the 

results of the specific surface area, pore size and the loading capacity of zinc ions. 

Key words: antibacterial silica gel; zinc; rare earth; synergistic antibacterial mechanism 
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