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Abstract: N-halamine polymers are a class of polymeric materials with broad-spectrum antibacterial
properties, which exhibit highly efficient and long-lasting antibacterial activity due to their unique
N-halamine structure. In recent years, with the rapid development of materials science and antibacterial
technology, significant progress has been made in the application of N-halamine polymers in fields such as
medical care, water treatment, textiles, food packaging and so on. This work reviews the types, preparation
methods of N-halamine monomers and polymers, as well as their research progress in medical protective
materials, textiles, medical device coatings, water/air filtration materials, efc. It focuses on discussing
the application of N-halamine polymers in medical protective products such as antibacterial dressings,
coatings, masks, and oral implants, as well as their advantages in anti-biofilm formation and anti-
infection. In addition, the challenges N-halamine polymers faced in practical applications, such as long-
term stability and biocompatibility are analyzed. The future development directions, including the new N-
halamine derivatives, the preparation of composite antibacterial materials by combining nanotechnology,
and the promotion of clinical applications have also been prospected. As efficient antibacterial materials,
N-halamine polymers have broad application prospects in medical protection and public health fields.
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Figure 1 (A) Polyolefin halogen amine precursors: poly(3-(4’-vinylbenzyl)-5,5-dimethylhydantoin) (a), poly(3-allyl-5,5-
dimethylhydantoin) (b), poly[5-methyl-5-(4-vinylphenyl)imidazolidine-2,4-dione] (c), poly[6-(4-vinylphenyl)-1,3,5-triazinane-2,4-
dione] (d), poly[6-methyl-6-(4-vinylphenyl)-1,3,5-triazinane-2,4-dione] (e), poly[4-(allyloxy)-2,2,6,6-tetramethylpiperidine] (f); (B)
Polyolefin halogen amine precursors: poly[3-(but-3-en-1-yl)-5,5-dimethylimidazolidine-2,4-dione] (a), poly[3-(but-3-en-1-yl)-
5,5-bis(1,2,3,4-tetrahydronaphthalen-2-yl)imidazolidine-2,4-dione] (b); (C) Polyacryloyl halogen amine precursor: poly[(4-ethyl-
2-oxooxazolidin-4-yl)methyl acrylate] (a), poly(2,2,6,6-tetramethylpiperidin-4-yl acrylate) (b), poly[3-(acryloyloxypropyl)-5,5-
dimethylhydantoin] (c)
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Figure 2 (a) Copolymer of HA and SA; (b) Structural formulae of a series of water-soluble siloxane halamine precursors;
(c) Preparation of siloxane halamine precursor polymers; (d) Process diagram of TiO,-modified polymer PSPH finishing on

cotton fabrics



4 3] BARE RS L T PURE MORFROWT FE 5 N A 589

Teb SEUJoE 2 i Jig B I B4R B R I AR 2
T & R & A F 2k W B B v, (A
SRV B AP AR SR R KR AN 5 A A e PR RERR
%2, TRATEEH % 1R e M = 21
SR AR P 3X — i B, Kocer 2 V3@ 1 5 ik B 1A
SRR AR R B ARG, fils 7MoY
A S b i e 20 (B 20), 1Z B WA R
eSS BEMOR & 8, TR Ay AR T ) — A
5 S Nk (A1, PRl 8 1 e S S B B S AR 2
HATRES BIK B MPUR SMERE, R RA R 1
FRAMERE. Li%s PUSg i in N Bt 28 45 34 55 dn
TiO, SR iR by 11 1 AR A (VI 05K A e
(K2d), 20038 5 B PR S I TR SR RETS 2
BRI R, A RIDEIRTS, W) LR TR S &
TSR, HIE 2024 WSS, 21 B AR A
AR & AR, IR BRI RS JF H
PR BRI P SRR R PR R E R Y.
&, TR S VKR a7 A R B A
TRBRIER Y, JF Halid s e B R 2 L,
Xt G300 B A BRI B A B AN T B IR UK, 1% ] R
T RS FURN L

2 mESTTREFINNA

e ERLTHER, AMIFFR THZ AT
i e o T HLEE A, e g 2 ekt miig
w7 TP A DA AR & AU 2 N, 5K
Qb3 B3 Sl g i L BT A
RN B S By r g e i (O 4
2.1 JKAbEE
2.1.1 HE

TEIK AR FRAT, R KR 15 7K AR B [ PR 7K
DA B2 AR 7K AR i R 0 ) A, T Ji A
FRIA7LE AT BT A Ak felt A B i ) K 2558
W T S EBOKE A R, R EE
AR B B B AR B = K S &, X
S A W PR e A O 1 B 3 3 2 i)
R, BT DR o B B 77 X A5 R % A AR
TR, (RIS AN 2 1) 5 2225 RV 25 AR KR 75
IKALFR K K P RO B R Y. B
AR, Xm0 T e KR BRI 2
REMR. HAAREMIFCEBRNTT HFHT
F& Worley 25 POV B 2 &5 B ) 22 Fb 25 1 1 O AN 1k
REW, i) CBEIRBEAL 3R 2K 26 e D N T

HaloSource 24 ] IR D™ o FEAMES —HR1Z,
fiATT ) HaloPure J8 7= i i 1 JE A foH 4R 5 oK £
1 2 FLER A Z W S 25 6, R I 456 7 7
AR Wi G AN A= W RS B (7D 2 35 68 7T, RERS
T 5 K A A A, (i {395 3% HaloPure A
JFR. Ahmed %P7V FF R 1 — i i) A8 Bk 0 % i 7
TR R FUREE, BT R IZ R A Y5
YR B RPN . SR &Y ORI H
T S 56 = IR 7K 5 Ak, X Rl 2R G5 1 AR R
Al CAREA B A7 F K 2 i s S s R,
FEATCAR B 9 B AN 5 S T IRK (B 3a).

AR B RN 2 AL R AR S I EAL
= T e T ) | NS K= p S A e
P o i e o T RK R AR, 4 SR EE 0K,
ULl & A A RHE 5 i J K A BEA RIS R B B
K F1. Yao 2 P% 61397 M 306 BODIPY Yo7 5
X1 [l ik A S [F i 2 3L A HLAESE (BCOF-C) H,
SRR E TR EEE G % 7 BCOF-Cl@
SERPER B . 45 R KW, BCOF-CL@ it 1k 2 Al
PDT () ¥ A1 F R B0 HE 22 ThRE (0 R B va 1. B
TRER, ZILAENREWE G A4 EHE KA
BT AR T 2 R . Tang 2 PR 5t 2 LA
R B A A, R =R A 2 ' L
EYE R B 2 FUA DR A P Rr Rk, JE
2 THT V5 A R RS B S I A R R T TS 2 Y 35t Ak
B, B T K2 LA VR G E S T4
BE(NX-POP@cell). 1Z#4 kAT 1F 2 fid Pt B K
L PEARE, I SR T B A 1 i e
B 2 A S 5 B, AN T A A 200 1R 1) 85 1
DNA. RNA Flflg i, ik 2 2% K AED R, A
A 1E IR B 7K I AN AV A SR AT I T2 B
77, Fuls PO 7 — b GUAT 7 e A 4 S
A Z LA VLIS Y (BT FPOP).  Hi4fE 7E 43
CF 4 b 1R TS AL JEU 45 45 7 (40 181 3b), FPOP
HR i e R A7 T8 R 85 7R R R 1 SR A VA R A B )
Wl E AL DL B b i 45 7, AT 70 V7 FPOP #4047 ¥
TE M PROEFN R AR R KRR . SR T H TR
TE P 7 A e X DA TR A S B 5 1% B R AT R
5 1R M A
2.1.2 KA E

B i 1 43 1 AR DAAE 7K Ak 2 R (1 9 5
7, W BT K B 7K 43 B . Ren %5 H1R]
FH YK 274 3 (NCC) Al 7% SRl (CS) 1 19 50k, FF




590

[ M R I 2026 4
() Water for NaOCl for ‘[CHz—(;H _OHCHZ —CH—0 T
. washing and
H CH
washing 8 Re-halogenation 4 o I\?C 20 m 111 C]Z n
b X
Valves o’ oo
Water inlet ° 0 Nal
ater inle X d \CH2
¢ I
%CHZ—(IZH— OHCHz— CH—O+
N-Halamine ,CHz m n
polymer column 1 P 3

N
N.
Cl/N\n/ ~Cl

(0]
Sand column .
NaOCl 1
formation NaOH
Non- halogenated Cooling
polymer column
Chloréne gas
Valves f h Water outlet
¢ g
Valves
NaOCI waste
5
‘Warming) Gas
‘Water
J Filtration
Neutralization 9
Residue and dead Water to
bacterial cells dissolve NaOH
(b)
Bacteria-contaminated water
N
N N
N N N
N N
N N N
N-halamine ..
FPOP Disinfected water

3 (a)Z FEIEROR AT 5K R4 it 921C7 (2013 American Chemical Society ALY T1T); (b) FPOPAE 5% K DAL 1
1188101 (2023 American Chemical Society AL 1)

Figure 3 (a) A design example of a large-scale water purification system based on multiple filtration technologies (Reprinted
with permission from Ref. [37]; Copyright (2013) ACS); (b) Explanation of the biocidal function of FPOP (Reprinted with

permission from Ref. [40]; Copyright (2023) American Chemical Society)
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Figure 4 (a) Schematic illustra tion of the cotton fabric porous surface via the breath figure method (Reprinted with permission
from Ref. [42]; Copyright (2023) Springer Nature); (b) Schematic diagram of electrospinning to synthesize PAN/GO/DCDMH
fiber membranes (Reprinted with permission from Ref. [49]; Copyright (2021) MDPI); (¢) Schematic diagram of the preparation
process of PP-P(MAA-MBAA)MNFs (Reprinted with permission from Ref. [50]; Copyright (2023) MDPI)
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5 (a) SCSb-Si-TiO Ak F/Af fF1470 1 7% 7% €1157) (2024 American Chemical Society KA YEAT): (D) ZE-A AR [F] 7K
1 L 7261 (2009 American Chemical Society B VF AT, 2012 Elsevier BULYE T ); ()49 K £F 4k B 1 4 1 1 i s 2 B 74
(2020 Elsevier Bz AL ¥ 1T); (d) PA@PEI-CIA J2 (4 1 4% 1% H 470 18 PF B s 7% 11981 (2025 Elsevier B A4 TT); (e) CS/EVC/MC
il 4 0 S FHU2T (2021 ElIsevier FRUYF AT ): (F) ZnOy 5 fi 44 1 44 K JUHL 1 3 52 57 Sl BOkk 1) 81 4% RS2 T) (2019 American
Chemical Society fix fi¥FA])

Figure 5 (a) Antibacterial schematic diagram of SCSb-Si-TiO, photocatalyst/cotton (Reprinted with permission from Ref. [57];
Copyright (2024) American Chemical Society); (b) Adding different water-based latex paints with polymers (Reprinted with
permission from Ref. [26], Copyright (2009) American Chemical Society; Reprinted with permission from Ref. [61]; Copyright
(2012) Elsevier); (¢) Schematic diagram of antibacterial hemostasis by nanofiber membranes (Reprinted with permission from
Ref. [74]; Copyright (2020) Elsevier); (d) Schematic diagram of the preparation of PA@PEI-CI coating and its antibacterial
properties (Reprinted with permission from Ref. [68]; Copyright (2025) Elsevier); (¢) Preparation and application of CS/EVC/
MC (Reprinted with permission from Ref. [72]; Copyright (2019) American Chemical Society); (f) Preparation and application

of'a new chitosan dressing based on ZnO/Halamine hybrid nanoparticles (Reprinted with permission from Ref. [73])
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Figure 6 Antibacterial mechanism of halamine materials
(Reprinted with permission from Ref. [76]; Copyright (2013)

American Chemical Society)
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