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Fig.1 Schematic for the synthesis process of the CSC-ZnO NPs filter column
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Fig.2 SEM morphologies of the as-prepared ZnO NPs loaded in the CSC from different zinc salts: (a) CSC-ZnO™", (b) CSC-ZnO®",

(c) CSC-Zn0"* and (d) CSC-ZnO*"
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Table 1 Properties of corn stalks with or without
immobilization of ZnO NPs from different zinc
salts

Sample aérc])gr;‘ltfr?lgeg'l Cri/% cryzt?:l(l)s’i\z%m
CSC - 33.3
csc-znoM" 519.0 52.0 235
csc-zno™" 303.0 46.9 15.4
CSC-Zn0OAe 276.7 50.0 19.3
CSC-zno*" 249.3 51.6 17.8
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(101). (102). (110). (103). (112). (202) /T,
B E SR Zno B maiEt, phat, 4 Fb
HEYH ZnO FHEUER IR 5 ICP &Ll () ZnO
i EM— 2, RIfEEmA, ke, itE T
HAEMER Crl, 5 CSC ML, ¥ prsgm, &K
N AE i) £ ok A R B R 43 TG e TR R A, AR TR
FLYE R MR ER, 4 TGRS 6 E 2 18] (1 X 5] 0]
Re e sh A MV UE I pH AN ATE. KA Debye-
Scherrer A 3115 CSC-ZnO NPs & &4 Kl & ZnO # &
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Fig.3 XRD patterns of the CS and CSC-ZnO NPs (a), FT-IR spectra
of the CS and CSC-ZnO NPs (the inserted image shows an
enlarged FT-IR at 400~800 cm™ wavenumber) (b)
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Fig.4 XPS spectra of CSC-ZnO NPs and CSC: (a) full spectra, (b) Zn 2p narrow spectra, (c) C 1s narrow spectra, and (d) O 1s

narrow spectra
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Fig.5 SEM images of corn stalk core before and after the immobilization of ZnO NPs: (a) longitudinal and (b) cross sections for the raw

CSC; (c) inside of the vascular and (d) surface of the parenchyma for the CSC-ZnO NPs

% 2 CSC #1 CSC-ZnO NPs 8 & # M BIFL IR &5 4 3 47 04
Table 2 Data obtained from pore structure analysis of CSC

and CSC-ZnO NPs composite samples

Shg/ Davel Porosity/  Pn/x107? u/=10°

Sample m’gt um % ms™ MPa* Lm?h?!
csc 104 146 945 1216.4 875.8
CSC-znOM' 226 45 887 107.7 77.6
CSC-znO®™ 215 54 90.1 157.6 113.5
CSC-ZnO™*® 231 47 827 109.6 78.9
CSC-znoO' 182 6.2 932 214.9 154.7
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TERFEAR G @B, Hik, 5HAMFHERRE
S50 B0 T D S VSR L e, R — R T A AE R 1 3 A
B, HEIE ST AU, B4 5B i R R
e BOCK T AR B
2.2 EREHEMNEYE

ERT KA, & E.coli M1 S.aureus 2 Ff
B B R VP CSC-ZnO NPs &4 AT (1470 B e 7k o
Kl 6a £ 6b Jy 4 FyE ko S ns 2 b2 1 B R 2 it
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Fig.6 Antibacterial rate curves of the four hybrid columns for E. coli (a) and S. aureus (b); images for bactericidal effect of the

control sample and four CSC-ZnO NPs complex columns by filtration for 5 min against the bacteria (c)
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Fig.7 Bacteria retained in CSC (a, b) and after the treatment by CSC-ZnO”* filter column (c, d)
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Effects of Zinc Salts on Antibacterial Properties of Nano ZnO-Corn Stalk Core
Composite Filter

Li Meng, Gao Xin, Tang Xiaoning, Zhang Heng, Duan Huichao, Chen Yilong
(Faculty of Chemical Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: Corn stalk core (CSC) is low-cost and sustainable biomaterials, which can be used as a filtration material due to its naturally
porous structure. A simple method of chemical precipitation was applied to load ZnO nanoparticles (ZnO NPs) into the core, which was
used for water purification and sterilization. The different zinc sources have an obvious effect on morphology and chemical characteristics
of ZnO immobilized in CSC, leading to a variety of antibacterial activities. The composite biofilter prepared from zinc acetate shows the
excellent antibacterial effect, and the antibacterial rates of escherichia coli and staphylococcus aureus reach 94.5% and 90.5%, respectively,
after filtration for 5 min. The antibacterial mechanism of the hybrid column might be ascribed to the interception of bacteria by hierarchical
porous structure of CSC, resulting in an increase of the physical friction with nanoparticles and chemical reactions with reactive oxygen
species (ROS) and hydrated zinc ions. Consequently, the cell membranes of bacteria are damaged and the components in cells are leaked,
finally leading to the death of bacteria.

Key words: CSC; ZnO nanoparticles; water sterilization; antibacterial mechanism
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