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Preparation and Properties of Porous SiO, Supported Nano ZnO

Antibacterial Materials
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(College of Materials Science and Technology, Nanjing University of Aeronautics & Astronautics, Nanjing 211106, China)

Abstract: Aiming at the disadvantage that nano ZnO is easy to agglutinate in the process of preparation and

use, which will affect its antibacterial performance, experiments are designed to make nano ZnO compound

with porous SiO, in the sol-gel process. Through scanning electron microscope (SEM) and transmission

electron microscopy (TEM) , it can be found that ZnO is well combined on the porous SiO, skeleton and

dispersed evenly. The BET and PL tests show that the specific surface area of composites is improved and the

optical properties are enhanced. The difference of antibacterial properties between composites and single-

component nano ZnO, and the change of antibacterial properties caused by the change of nano ZnO content in

composites are investigated by the colony counting method. Conclusion is proved that the antibacterial

properties of nano ZnO and porous SiO, are greatly improved with the antibacterial rate of more than 99%.
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(c) Mapping map of Zn and Si elements

(d) Mapping map of Zn element  (¢) Mapping map of Si element
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Fig.2 EDS images of porous SiO, supported nano ZnO

composites

(b) Porous SiO, supported nano
ZnO composites
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Fig.3 SEM images of ZnO nanoparticles and porous SiO,

(a) ZnO nanoparticles

supported nano ZnO composites
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Fig.10 Antibacterial test of porous SiO,: Plate counting method
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Antibacterial test of ZnO: Plate counting method
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Fig.12 Antibacterial test of 8 g ZnO/ porous SiO, composites: Plate counting method
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Fig.13  Antibacterial test of 10 g ZnO/ porous SiO, composites: Plate counting method
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Fig.14  Antibacterial test of 12 g ZnO/ porous SiO, composites: Plate counting method

3 mELH

BT &2 4 Eh i 2 1L Sio, LA BB L E
PERE , A G MR B R BE R R B ZnO 44K
WKL o AR PT R HLEE 3 B P I —
DNA 1 5 A W HLE . 24 ZnO 5 40 5§ 322 fil i, Zn®"
SRRk . T Zn® T AR IE HL far 19, 40
49 4 R R PR T S TR R W L A AR R A TR T Y
XTI RE W E MR b Ak, Zn® AR

B BA— & W RACE I BE ), W] LA 3Rk R AL A
A PUE BEF A A S, T B0 B AR B LAY R AL
B AR GEPIN, NTTA B PURAE . R A
2R B A2 . ZnO FESERIAPE T T 2 28 il T BR AT
HHL 25 700 o 33X 2 L 28 R I A7 78 23 G &
Girp iy O ST R BUK > 7, B IR PR A A d k. X
L 3% e R R A 2 0 e T A T A R R K
PER . Z 4L SI0, i CEZAE T ZnO $2 it



% 3

Mk L5 2 1L SIO, N K ZnO B M R il 45 B 1 RE AT

469

B

— DA . 240 SI0, AR B 2k, H ZnO
o0 K Ok B AR AE 2 AL SO, B4R b 3 bR K M
JNT ZnO 442K UKL Y 43 5UHE 36 AL DL 25
18 B2 fi TR bR T A A R b TR R 2R R, A
T3 58 1 U ek PR BE

4 % i

T o 7V M - I ) R R A oI A — a2 i A 4N
K ZnO 412K ZnO 7853 5 BUAE 2 4L Si0, 1, il 4%
Z AL Si0, AN K ZnO A MR, BE 5 0 O 25
¥ FRAE R B BN 49Kk ZnO R~F 28 20~30 nm,
TS AEZILSIO N B L. SR4 590K
ZnO ML, 52 A MR R R T B B4 6
A1 B FNPL TR PE RE I A B T AR KA R R
AfRE) 99% DL b ZE B prik, 241 Sio, il Pk ok
B8N ZnO g0 2K BURL 9 3 B0 S5 ZnO B BT M
fig. b, Z 4L Si0, i T il & AL, 7] 73z W A
T3 RS 45

SE Wk

(1] ZEE, IR E, XI5, 55 90K ZnO-SE L A6 K
ZnO-E A 7 S 0% /7K M SR R 52 5 9 J2 R PT T R g
[T, & AR RS, 2018, 35(7): 1930-1938.
JIANG Guofei, LI Xufei, LIU Fang, et al. Antibacte-
rial properties of nano ZnO-graphene oxide and ZnO-
graphene oxide/waterborne polyurethane coposite
coating[ J]. Acta Materiae Compositae Sinica, 2018,
35(7): 1930-1938.

(2] XUCH, MR, sl , & . 5o RS AL A b it

B AR ) A S PERE AT ST LT ). fk TR BB R, 2021,
49(4): 275-279.
LIU Wenyi, ZHOU Tianyang, SHI Dongjian, et al.
Preparation and characterization of CS-ZnO based hy-
brid antibacterial material[J]. New Chemical Materi-
als, 2021, 49(4): 275-279.

[3] XUD, WANG T, LU Z, et al. Ti-6Al-4V-5Cu syn-
thesized for antibacterial effect in vitro and in vivo via
contact sterilization[ J]. Journal of Materials Science &-
Technology, 2021, 90(10): 133-142.

[4] FADWA A O, ALBARAG A M, ALKOBLAN D
K, et al. Determination of synergistic effects of antibi-
otics and ZnO NPs against isolated E. coli and A. bau-
mannii bacterial strains from clinical samples[J]. Saudi
Journal of Biological Sciences, 2021, 28(9) : 5332-
5337.

[5] Mk, R&EI7, MRB . 4R/ BUMEH LS
BRI Y ) A S BT R RE NS LT AR B AL o T
&, 2019, 53(5): 39-43.

YANG Rongsheng, ZHU Junfang, FENG Shubo.

Preparation and antibacterial properties of cellulose/su-

perfine ZnO composite aerogels[J]. Biomass Chemi-

(6]

[11]

[12]

[13]

[14]

[15]

cal Engineering, 2019, 53(5): 39-43.

NC A, PJ A, SB C, et al. Ag-doped cobweb-like
structure of TiO, nanotubes for antibacterial activity
against methicillin-resistant aureus
(MRSA)[J]. Journal of Environmental Chemical En-
gineering, 2021, 9(5): 105842.

LI PP, WUH X, DONG A. Ag/AgX nanostruc-
tures serving as antibacterial agents: Achievements

Rare Metals, 2022, 41(2):

staphylococcus

and challenges[J].
519-539.

g, B, XURAT . 4K ZnO LB #4 8E F 5T
HERELT). DhREb AR, 2014, 45(24) : 24001-24007.
MA Jianzhong, HUI Aiping, LIU Junli. Research
progress on antibacterial materials of nano-ZnO[J].
Journal of Functional Materials, 2014, 45(24).
24001-24007.

LENG Bing, ZHANG Xinglai, CHEN Shanshan, et
al. Highly efficient visible-light photocatalytic degrada-
tion and antibacterial activity by GaN:ZnO solid solu-
tion nanoparticles[J]. Journal of Materials Science &.
Technology, 2021, 94: 67-76.

SHU Z, ZHANG Y, YANG Q, et al. Halloysite
nanotubes supported Ag and ZnO nanoparticles with
synergistically enhanced antibacterial activity[J]. Na-
noscale Research Letters, 2017. DOI:. 10.1186/
s11671-017-1859-5.

LIB, MA J, WANG D, et al. Self-adjusting antibac-
terial properties of Ag incorporated nanotubes on mi-
cronano structured Ti surface[J]. Biomaterials Sci-
ence, 2019, 7(10): 4075-4087.

CHEN M, LI Z, CHEN L. Highly antibacterial rGO/
Cu,0O nanocomposite from a biomass precursor: Syn-
thesis, performance, and mechanism[J]. Nano Materi-
als Science, 2020, 2(2): 172-179.
ZHANG Y, FU S, YANG L.
Ti0,/Cu0/Cu,0 coating on Ti-Cu alloy with dual

function of antibacterial ability and osteogenic activi-

A nano-structured

ty[J]. Journal of Materials Science &. Technology,
2022, 97(20): 201-212.

RAJESWARI R, PRABU H G. Synthesis character-
ization, antimicrobial, antioxidant, and cytotoxic ac-
tivities of ZnO nanorods on reduced graphene ox-
ide[J]. Journal of Inorganic & Organometallic Poly-
mers & Materials, 2017, 28: 679-693.
EMAMI-KARVANI Z. Antibacterial activity of ZnO
nanoparticle on gram-positive and gram-negative bacte-
ria[J]. African Journal of Microbiology Research,
2012, 5(18): 1368-1373.

SWATI C, LEO S, KIRAN K, et al. Reduced gra-
phene oxide/ZnO nanorods nanocomposite: Structur-
al, electrical and electrochemical properties[J]. Jour-
nal of Inorganic and Organometallic Polymers and Ma-
terials, 2019, 29: 2282-2290.

LIM, CHEN Z, SUN Y, et al. Preparation and anti-

bacterial activity of graphene oxide/cuprous oxide/zinc



470 Mow o o= M

FNEVN

EE N

555 4%

[18]

[19]

[20]

[22]

[25]

[27]

[29]

oxide nanocomposite[ J]. Materials Research Express,
2021, 8(12): 125003.

NAZARI A. Preparation of electroconductive, anti-
bacterial, photoactive cotton fabric through green syn-
thesis of ZnO/reduced graphene oxide nanocompos-
ite[J]. Fibers and Polymers, 2019, 20 (12) : 2618-
2624.

YAO Shenglian, FENG Xujia, LU Jiaju, et al. Anti-
bacterial activity and inflammation inhibition of ZnO
nanoparticles embedded TiO, nanotubes[J]. Nanotech-
nology, 2018, 29(24): 244003.

GAO Xuewei, MA Xiaotong, HAN Xinyu, et al.
Synthesis of carbon dotZnO-based nanomaterials for
antibacterial application[J]. New Journal of Chemis-
try, 2018, 45(9): 4496-4505.

SU Lei, WANG Hongjie, NIU Min, et al. Anisotro-
pic and hierarchical SiC@SiO, nanowire aerogel with
exceptional stiffness and stability for thermal superinsu-
lation[J]. Science Advances, 2020. DOI: 10.1126/
sciadv.aay6689.

LIU Z H, DING Y D, WANG F, et al. Thermal in-
sulation material based on SiO, aerogel[ J]. Construc-
tion &. Building Materials, 2016, 122(30): 548-555.
WA, ik, P H, &R O WX B Rk
ke U 2 T R R 1 5w [T ] 38 e O K 24 F AR
2, 2022(3) : 74-80.

XIE Lanying, TANG Long, LUO Wei, et al. Effect
of polyethyleneimine modification on the adsorption
performance of silica gel type B to crotonic alde-
hyde[ J]. Journal of Natural Science of Hunan Normal
University, 2022(3): 74-80.

WANG Y W, CAO A, JIANG Y, et al. Superior an-
tibacterial activity of ZnO/graphene oxide composites
originated from high zinc concentration localized
around bacteria[J]. ACS Applied Materials &. Inter-
faces, 2014, 6(4): 2791-2798.

MENDES C, DILARRI G, FORSAN C, et al. Anti-
bacterial action and target mechanisms of zinc oxide
nanoparticles against bacterial pathogens[J]. Scientific
Reports, 2022, 12: 1-10.

AHMAD I, AKHTAR S, MANZOOR F. Synthesis
of yttrium and cerium doped ZnO nanoparticles as
highly inexpensive and stable photocatalysts for hydro-
gen evolution[J]. Journal of Rare Earths, 2021, 39
(4): 440-445.

LUO J, WU J, WANG W. Preparation and proper-
ties of PP /Si0O, and PET/SiO, composite aerogel[ J].
Technical Textiles, 2021, 30(2): 41-58.

GUO J, WANG Y, GUO B. Preparation and decar-
bonization of SiO,-Al,O, composite aerogel modified
by potassium carbonate[J]. Environmental Chemis-
try, 2021, 40(12): 3975-3985.

LIU X, SU L, MIAO L, et al. Preparation and prop-

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

erties of high temperature resistant Al,0,-SiO, nano-
aerogel[ J]. Journal of Ceramics, 2021, 42: 620-625.
LIU Z, DING Y, WANG F. Thermal insulation ma-
terial based on SiO, aerogel[J].
Building Materials, 2022, 122(30) : 548-555.

YAN Q, FENG Z, LUO J. Preparation and character-

ization of building insulation material based on SiO,

Construction and

aerogel and its composite with expanded perlite[ J].
Energy and Buildings, 2022, 255: 111661.

LUO W, SHU X, XU B. Influence of hydrolysis time
on properties of SiO, aerogels prepared by ambient
pressure drying[J]. Arabian Journal for Science and
Engineering, 2021, 46: 477-484.

DAVIS M, HIKAL W, CENK G. Aerogel nanocom-
posites of ZnO-SnO, as efficient photocatalysts for the
degradation of rhodamine[J]. B Catalysis Science &
Technology, 2012, 2(5): 922-924.

CHEN B, WANG X, ZHANG S. Monolithic ZnO
aerogel synthesized through dispersed inorganic sol-gel
method using citric acid as template[ J]. Journal of Po-
rous Materials, 2014, 21: 1035-1039.

XU M, WANG X, WANG B, et al. Carbonized lo-
tus leaf/ZnO/Au for enhanced synergistic mechanical
and photocatalytic bactericidal activity under visible
light irradiation[ J]. Colloids and Surfaces B: Biointer-
faces, 2022, 215: 112468.

AKBAR N, ASLAM Z, SIDDIQUI R, et al. Zinc
oxide nanoparticles conjugated with clinically-ap-
proved medicines as potential antibacterial mole-
cules[J]. AMB Express, 2021. DOI: 10.1186/
$13568-021-01261-1.

FEBE . AR5 TiO, . ZnO (¥ il £ B O A ag 1Y
WD ). ;R BB TR, 2016.

ARA J, PARK S, SHIM K, et al. Antibacterial
mechanism of ZnO nanoparticles under dark condi-
tions[ J]. Journal of Industrial and Engineering Chemis-
try, 2017, 45: 430-439.

GUDKOV S, BURMUSTROV D, SEROV D, et
al. A mini review of antibacterial properties of
ZnO[J]. Nanoparticles Frontiers in Physics, 2021.
DOI1:10.3389/fphy.2021.641481.

ABEBE B, ZEREFFA E, TADESSE A. A review
on enhancing the antibacterial activity of ZnO: Mecha-
nisms and microscopic investigation[J]. Nano Re-
view, 2020. DOI: 10.1186/s11671-020-03418-6.
AMNA S, SHAHROM M, AZMAN S. Review on
zinc oxide nanoparticles: Antibacterial activity and tox-
icity mechanism[J]. Nano-Micro Letters, 2015, 7:
219-242.

KUMAR R, UMAR A, KUMAR G. Antimicrobial
properties of ZnO nanomaterials: A review[J]. Ce-
ramics International, 2017, 43(5): 3940-3961.

(. FABE)



