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Preparation of nano-silver/mesoporous silica composite materials and
its antibacterial properties

Jin Jing Yang Guochao Zhang Fan
(School of Materials Science and Technology, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] The traditional Ag” wood antibacterial agents have the problem that Ag” is easy to
be oxidized, which leads to its limited antimicrobial durability, and the silver nanoparticles in novel nano-
silver antibacterial agent also have the problem of easy aggregation. In order to solve these problems, a novel
silver-loaded silica (Ag/MCM-41-NH,) composite antibacterial material was prepared in this paper.
[Method] The composite material was prepared by embedding silver ions into the modified carrier and in-
situ green reduction to AgNPs. SEM, TEM, adsorption desorption of N,, XPS, XRD, FTIR and ICP-MS
were used to analyze the surface morphology, structure and slow release feature of it. The inhibition zone
method and oscillating method were used to analyze the antibacterial properties and antibacterial durability
of composite antibacterial agents. [Result] The modified MCM-41 was successfully grafted with a large
number of —-NH,, which could graft with Ag’. In addition, the spherical AgNPs were uniformly loaded
inside the MCM-41-NH,. The results of bacteriostatic test showed that the initial antibacterial rate of
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Ag'/MCM-41-NH, and Ag/MCM-41-NH, against Staphylococcus aureus and Escherichia coli was over
99.00%. However, the loss rate of Ag” in Ag'/MCM-41-NH, was 25.00% and its antibacterial rates against
S. aureus and E. coli were decreased to 88.75% and 79.10% after 90 d, while the loss rate of Ag’ in
Ag'/MCM-41-NH, was 5.10% and its antibacterial rate against S. aureus and E. coli remained at a high level
of 98.93% and 96.93%. [Conclusion] Ag-NPs can be uniformly dispersed on the carrier MCM-41-NH,,
and the Ag/MCM-41-NH, composite antibacterial agent has good antibacterial property and antibacterial

durability.

Key words: compound material; mesopore; silicon oxide; nano silver; antibacterial; nano-carrier
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Fig. 1 Antibacterial ring images of the unmodified samples with different amounts of AgNO; against S. aureus (a) and E. coli (b), antibacterial ring

images of the modified samples with different amounts of AgNO; against S. aureus (c) and E. coli (d)
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Fig. 2 Antibacterial zone diameters of the samples prepared with

different amounts of AgNO; against S. aureus and E. coli
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Fig.3 SEM images of MCM-41 (a) and MCM-41-NH, (b), Ag"/MCM-41-NH,’s SEM image (c) and mapping images of Ag element (d) and
Si element (e), Ag/MCM-41-NH,’s SEM image (f) and mapping images of Ag element (g) and Si element (h)
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K4 MCM-41 (a), MCM-41-NH, (b). Ag"/MCM-41-NH, (c) 1 Ag/MCM-41-NH, (d)ff] TEM &

Fig.4 TEM images of MCM-41 (a), MCM-41-NH, (b), Ag"/MCM-41-NH, (c) and Ag/MCM-41-NH, (d)
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Tab. 1

Mass fraction of each element of MCM-41, MCM-41-NH,, Ag'/MCM-41-NH, and Ag/MCM-41-NH,

Ji £ 53 %1 Mass fraction/%
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Element MCM-41 MCM-41-NH, Ag'/MCM-41-NH, Ag/MCM-41-NH,
0 62.45 5531 53.64 53.32
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Si 37.25 38.43 38.45 37.70
Ag 0 0 433 5.54
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