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Preparation and Zn** adsorption mechanism of zinc-loaded cerium-zirconium
phosphate antimicrobial material
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Abstract: A cerium-zirconium carbonate precursor was synthesized by coprecipitation, followed by phosphorylation
to obtain cerium-zirconium phosphate , which was then loaded with zinc ions via impregnation.The material’s composition,
microstructure , and specific surface area were characterized.lts antimicrobial properties were also evaluated.Results show
that cerium-zirconium phosphate crystallizes in a hexagonal structure, composed of stacked nanorods (about 10 nm in
diameter) , with a high specific surface area of 85.4 m’/g.The material exhibited strong antifungal activity against
Candida albicans ( inhibition rate 99.64%) and certain antibacterial effects against Staphylococcus aureus and
FEscherichia coli. Furthermore, the adsorption kinetics of zinc ions followed the pseudo-second-order model, while the
thermodynamic behavior was better described by the Freundlich isotherm, with enhanced adsorption at higher

temperatures.The developed material shows promise for antimicrobial applications due to its structural properties and

efficient metal ion loading.
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10 1.66 14.98 0.58 0.89 1.75 0.31 0.99
20 1.85 17.55 0.59 0.98 1.93 0.42 0.99

30 2.45 23.79 1.24 0.99 2.48 0.97 0.99
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313 8. 06 0.14 0.95 1.18 0.96 0.99
323 5.27 0.26 0.90 1.43 1.09 0.99




. 240 -

BFFIST B SORIELRE B e, P A K K 0. 72
FERE 1. 09, F W Enl A F T SAT I Tl R il 4 )
BERS T IR

3 #ig

AR5 380 28 i R 5 T KA A Ak vk il 48 T Wl
BRI R IR BRI R PE S - XA EHE
2 AR T RAE & B, W R A B AR 7S T
FRENZE Y 55 L TG E T IE S AFTE . MORER 9K S
FEMERRAL AN, L R AR 85. 4 m*/g, U MK &5
SR B IR Bl X 4 B O R A ER TR R R
FTE BRI B A R A A i 88OR B 20 51
iA%1] 98. 04% 94. 58% Kl 99. 64% , 5 3 FF W R 45 M
REAE Y ABA G St — D4R T, W T it sE R
RIR A, X B 15— W WL B ASF & T — i 2l 7 2 A A
SEIR W R AT M AT A Freundlich A5 1 2 HE L% B
BLII DAL 22 W By R 3 5] Z2 2 bl 32

S 30k

[1] 38R E, RME MA N, % ML hrE BT st e[ 1] 46T
bR, 2025,53(6) :33-39.

[2] JE 4, B, 5k 2O TEHAR ST MRIT & J ARS8
g R )] AL TR 2024 ,43(11) :6246-6259.

[3] TRAIUBE, MO, XA, 5.3 Fh i I 0 80 20 1A 1) 2R AR BB Ty Bt
WEREL )] EDGL B ,2020,37(3) :50-53.

[4] JASER, 8, AL, 46 R IR 4% S AT AR 9 1 ol 4 5 1
[J]Ab2#3E T 1 2014,26( 1) :87-99.

[5] Tan S,Ouyang Y, Zhang L, et al.Study on the structure and anti-
bacterial activity of silver-carried zirconium phosphate[ J].Materials
Letters, 2008 ,62( 14) :2122-2124.

[6] Luo G,Tang J,He W, et al.Antibacterial effect of dressings contai-
ning multivalent silver ion carried by zirconium phosphate on exper-
imental rat burn wounds [ J]. Wound Repair and Regeneration,
2008,16(6) :800-804.

[7] TG, X0, J™ By 1R B 4R A A 20 K 2 B R PERE B 5T
[J].4M41 Tk, 2024(2) ;9-13.

[8] Jung J,Eguchi M, Ida S, et al.Sustainable antibacterial surface of
transparent PMMA membranes with a-ZtP nanosheets adsorbing
tetraalkylammonium ions[ J].ACS Applied Bio Materials, 2024 ,7
(12) :8590-8598.

[9] XUakie, ¥ 5, 28 2, 45 - 7690 b RER T b i F 50 3 e
[J]. A (48 TR, 2022,12(4) :20-30.

[10] Balusamy B,Kandhasamy Y G,Senthamizhan A et al.Characteriza-

LA AL T

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20

[t

[21]

[22]

[23]

55 46 HIBT 1

tion and bacterial toxicity of lanthanum oxide bulk and nanoparti-
cles[ J].Journal of Rare Earths,2012,30(12) :1298-1302.

Liu L, Xiao X, Li K, et al.Prevention of bacterial colonization based
on self-assembled metal-phenolic nanocoating from rare-earth ions
and catechin[ J ]. ACS Applied Materials & Interfaces, 2020, 12
(19) :22237-22245.

Wang M, Su Y, Liu Y, et al. Antibacterial fluorescent nano-sized
lanthanum-doped carbon quantum dot embedded polyvinyl alcohol
for accelerated wound healing[ J].Journal of Colloid and Interface
Science,2022,608:973-983.

ZEakIR IR, R M R RAOK U A B R [ T]. B
DR 22 (AR BEARR) ,2022,51(5) - 709-714.

Yang Y,Dai G,Tan S, et al.Structure and synergetic antibacterial
effect of zinc and cerium carried sodium zirconium phosphates[ J].
Journal of Rare Earths,2011,29(4) :308-312.

Dai G,Yu A,Cai X, et al.Synthesis, characterization and antimicro-
bial activity of zinc and cerium co-doped a-zirconium phosphate
[J].Journal of Rare Earths,2012,30(8) :820-825.

Cai X,Dai G J,Tan S Z, et al.Synergistic antibacterial zinc ions and
cerium ions loaded a@-zirconium phosphate [ J ]. Materials Letters,
2012,67(1) :199-201.

Cai X,Zhang B, Liang Y, et al.Study on the antibacterial mecha-
nism of copper fon- and neodymium ion-modified a-zirconium phos-
phate with better antibacterial activity and lower cytotoxicity [ J].
Colloids and Surfaces B-Biointerfaces,2015,132:281-289.

ARG | 252 Bl 4k 2 1 76 2 U AR D AR AL Tk e 1 Ay IR B F 5
(1758 Hif6%,2022,50(2) :300-309.

O AT R R, A5 TR X IR TR il ) A 2 AL 5 k) BF 52
[T].H R L2840, 2025,43(6) £ 1246-1253.

U S M0 R, 55 PEG X Bk R i it 14 I 35 140 5% i
FE[J] .+ ,2025,46(2) :45-52.

Onoda H,Tanaka R.Synthesis of cerium phosphate white pigments
from cerium carbonate for cosmetics [ J].Journal of Materials Re-
search and Technology,2019,8(6) :5524-5528.

Wang L, Liu L, Liu Y, et al. Antimicrobial performance of novel glu-
tathione-conjugated silver nanoclusters ( GSH @ AgNCs) against
FEscherichia coli and Staphylococcus aureus by membrane-damage
and biofilm-inhibition mechanisms|[ J].Food Research Internation-
al,2022,160:111680.

Dananjaya S H S, Kumar R S, Yang M, et al.Synthesis, character-
ization of ZnO-chitosan nanocomposites and evaluation of its anti-
fungal activity against pathogenic Candida albicans[ J].Internation-
al Journal of Biological Macromolecules,2018,108:1281-1288.
Sun X,Zhao L, Cheng J, et al.Regulation of charge transfer pathway
in Ag-Znln,S, nanowires for visible photodynamic therapy on Can-

dida albicans infections[ J].Small,2024,20(38) :2400867.H



