IERZEFR

Chinese Journal of Engineering

BN L TT BT S R

TRWF AR S ST HAK

Research progress on ferroelectric catalytic materials for antimicrobials
ZHANG Yan, CHE Junling, JIA Yanmin

FIHAS:

ik, FRW, TUHIBL PR A RMEIL TR AT ST SE D], JURF R TRRRESAR, 2024, 46(9): 1702-1712. doi:
10.13374/1.issn2095-9389.2023.11.07.001

ZHANG Yan, CHE Junling, JTA Yanmin. Research progress on ferroelectric catalytic materials for antimicrobials[J]. Chinese Journal
of Engineering, 2024, 46(9): 1702-1712. doi: 10.13374/.issn2095-9389.2023.11.07.001

TEZR R View online: https://doi.org/10.13374/j.issn2095-9389.2023.11.07.001

LT RO I A SO B

Articles you may be interested in

— R E RO e HLAE AL CoP/Co@NPC@rGO il 45

Preparation of CoP/Co@NPC@rGO nanocomposites with an efficient bifunctional electrocatalyst for hydrogen evolution and oxygen

evolution reaction

TAERRF2AR. 2020, 42(1): 91 https://doi.org/10.13374/j.issn2095-9389.2019.07.26.002
IRVE AT BB AR K A LTS e 0 7 PSR B % Je e 3

Review on the application and development of red mud-based photocatalytic materials for degradation of organic pollutants in water

T AR, 2021, 43(1): 22 https://doi.org/10.13374/.issn2095-9389.2020.07.30.003
T K R M A 1 AR AR oK B S A T g

Study of rapidly synthesis of ZnO nanorods by microwave hydrothermal method and photocatalytic performance
TAERF2AR. 2020, 42(1): 78 https:/doi.org/10.13374/j.issn2095-9389.2019.05.25.003

ZHEZnO/CAS/NiFe ZRAUE: 8 S AL e AL AL
Photoelectrocatalytic oxidation of methane over three—dimensional ZnO/CdS/NiFe layered double hydroxide
TAERF2AR. 2021, 43(8): 1064  https:/doi.org/10.13374/j.issn2095-9389.2020.11.02.001

HEACIARHIRAEA T A 1 [ A A S i o XS R 5
Operando X—ray study of service behavior of catalytic materials based on synchrotron radiation

TRERLF2AR. 2021, 43(6): 721 hitps://doi.org/10.13374/j.issn2095-9389.2020.11.03.004
il e 2 SRR AR 2 FLOG A AR AR 12 4 e

Development of template methods for the preparation of porous photocatalysts of graphite-like carbon nitride

TARERRF2AR. 2021, 43(3): 345 hitps://doi.org/10.13374/1.issn2095-9389.2020.09.07.003


http://cje.ustb.edu.cn
http://cje.ustb.edu.cn
http://cje.ustb.edu.cn
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2023.11.07.001
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2019.07.26.002
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2020.07.30.003
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2019.05.25.003
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2020.11.02.001
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2020.11.03.004
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2020.09.07.003

TAERL SRR, 2B 46 4, £ 9 1. 1702-1712, 2024 4E 9 A
Chinese Journal of Engineering, Vol. 46, No. 9: 1702—1712, September 2024
https://doi.org/10.13374/j.issn2095-9389.2023.11.07.001; http://cje.ustb.edu.cn

B AR DU W o 0t

NS TN £ S

1) PH 2 S H R B4 5, PE %2 710121 2) BRVGIRTE K2 3 55 BB 2B, 154 710062
MRUEF1EH, 4R 14, E-mail: junling.che@163.com; 51 ¥ f{, E-mail: ymjia@zjnu.edu.cn

H E IRMARPURE B AR BB A A B e gk MR B A Ak, B B &2 ALRES B AN B S T 1)
B —ZEB R FESMIMSZ BRI, Bk f AR P v A AR - 078 e HE 9 R 4 T, 3T ) SR v A R 0 A, SRR IE S L A S
JEV LA J3E v ) 480 SORI K A SN, A JCEAT B SR A PR Y 6 MR BT (N -OH, -0 ) R K3 4 T4 45 6 Bk i A R H A RO TR A
PR SOGRYERT, DL B P (1070 s) . FLHLRR& R A AR ORI, S MBI RS 6 B &R U —FB 6 i K HAR.
AR ZE R K HLAE R L AL TR L PARE H AR AL B RO A AT T = A T, R AR T B 6 TRk R R R A B Y T
AT T BEEHEL, IF 5 0 IR T A BHEAS [ 2 AU Aot 7R P BT i AL .

BRI EREADEL DU AL BRI Stk

FES  0644.1

Research progress on ferroelectric catalytic materials for antimicrobials

ZHANG Yan", CHE Junling"™, JIA Yanmin'>"™

1) School of Science, Xi’an University of Posts & Telecommunications, Xi’an 710121, China
2) School of Physics and Information Technology, Shaanxi Normal University, Xi’an 710062, China
MM Corresponding author, CHE JunLing, E-mail: junling.che@]163.com; JIA Yanmin, E-mail: ymjia@snnu.edu.cn

ABSTRACT Research and development of antimicrobial technology are critical for safeguarding human life and health. Ferroelectric
materials, materials with spontaneous polarization, can adjust their direction of spontaneous polarization in response to an external
electric field. When subjected to this applied field, the ordered arrangement of electric dipoles within the ferroelectric material becomes
disrupted. This disruption causes the bound charges on the surface to redistribute, and the released positive and negative charges react
with the oxygen and water in the surrounding medium. This reaction forms active substances with powerful oxidant properties (such as
OH, -O,). These highly oxidizing active substances can destroy the cell wall of bacterial cells, enter the cell to damage DNA, leak
proteins, and render them inactive, thereby inactivating the bacteria. Ferroelectric materials are not only excellent for their piezoelectric,
pyroelectric, and photovoltaic properties but also possess the unique ability to convert mechanical, thermal, and optical energy in nature
into electrical and chemical energy. Coupled with their fast response speed (107® s) and high electromechanical coupling coefficients, the
development of ferroelectric materials in conjunction with catalytic technology has emerged as a new sterilization technique. However,
achieving high antimicrobial efficiencies is closely related to carrier utilization in the catalytic process and the catalyst activity. This
holds true regardless of whether mechanical, thermal, or optical energy is used as the driving source to stimulate ferroelectric materials
for catalytic antimicrobials. When using ferroelectric materials as catalysts, the spontaneous polarization properties of these materials can
be harnessed to reduce the electron—hole pair combination rate through the internal electric field. This action increases the yield of active

substances, thereby improving the efficiency of catalytic antibacterial agents. In addition, high-performance ferroelectric materials have a
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high internal electric field potential after polarization treatment, which can accelerate carrier separation during the catalytic process. As a

result, ferroelectric materials have great potential for catalytic antimicrobial applications under environmentally friendly and safe

conditions. In this review, we begin with an introduction to the ferroelectric properties of these materials and their relationship with

piezoelectric and pyroelectric materials. We then summarize and organize previous work reported on the catalytic antimicrobial

properties of ferroelectric materials. This summary includes discussions on photocatalytic, piezocatalytic, and pyrocatalytic antimicrobial

properties and descriptions of the antimicrobial mechanisms of ferroelectric materials in different types of catalytic processes. The aim is

to provide a reference for future research into the catalytic antimicrobial properties of ferroelectric materials.

KEY WORDS ferroelectric materials; antimicrobial; piezocatalysis; pyrocatalysis; photocatalysis
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Table 1 Comparison of the piezocatalytic antimicrobial efficiencies of different ferroelectric composites
Materials Bacterial type Performance Catalytic conditions Reference
Ag@LiNbO4/PVDF E. coli and S. aureus 99.9% and 96.7% Ultrasound [18]
Cu,MgSnS,@BaTiO; E. coli and S. aureus >90% Ultrasound [23]
NaNbO;/ZnO E. coli 100% Ultrasound 60 min [24]
Bay g5Cag 15210, Tig 9003 E. coli 99% Ultrasound 90 min [25]
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Table 2 Comparison of photocatalytic antimicrobial efficiencies of different ferroelectric composites
Materials Bacterial type Performance Catalytic conditions Reference
TiO,/BTO/Au E. coli and S. aureus 99.5% and 99.7% Poling, light exposure 40 min [61]
Cu,Mo0S,/WO,/Chitonsan P. aeruginosa and . 100% and 70% Light exposure (62]
pneumonia
BiFeO,/g-C5N, E. coli and S. aureus 99.5% and 99.6% Light exposure 1 h [63]
SnFe,0,-BiFeO5 P. aeruginosa .and S. 100% and 65% Light exposure [64]
pneumonia
WO0,-GO E. coli and B. subrilis Minimum inhibitory concentration values v 410 ioht exposure 6 h [65]
ranging from 2.5 to 5 mg-mL

CDs/Na,W,0,3/WO5 E. coli 100% Visible light exposure 100 min [66]
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