ke & w0 T %

JOURNAL OF FUNCTIONAL POLYMERS

HT TRV DT B R A B A i

BAE WEF FHRE MAha FEK

Preparation of Antibacterial Polyurethane Based on Strategy of Adjusting Arm Length of Quaternary Ammonium Salt
LYU Xingshuang, SUN Yufang, LI Jingxuan, FU Xiaohui, LI Zhibo

TEZR 552 View online: http://doi.org/10.14133/.cnki.1008-9357.20250916001

BT BRI HAB S EE

Articles you may be interested in

TR R B SR R A ) A ST R TERE
Preparation of Waterborne Polyurethane Bonded with Quaternary Ammonium Salts and Antibacterial Properties via Contact—Killing

IR 7 T4 2022, 35(6): 575-582  hitp://doi.org/10.14133/j.cnki.1008-9357.20220316001

PR P B 2= i R I SRR A ] 5 SR AIE
Preparation and Characterization of Acrylic Quaternary Ammonium Salt Copolymer Films

IfEE 7 1244k 2022, 35(1): 68—76  hitp://doi.org/10.14133/j.cnki.1008-9357.20210322001

el BH S 155 o Tk FHY S b 5 S 0 (0 A 4 R T O BT T B8
Antibacterial Selectivity of Quaternary Ammonium Cationic Polymers against Methicillin—Resistant and Susceptible S. aureus

UIRE R4 F R, 2025, 38(5): 420-429  hitp://doi.org/10.14133/j.enki.1008-9357.20250428001

PDA-Cu NPsHARR AL T A ] 2 S HAT R TERE
Preparation of Raspberry—Like PDA-Cu NPs Nanoparticles with Antibacterial Properties
HIRE R4 F 4R 2020, 33(5): 500-506  http://doi.org/10.14133/j.cnki.1008-9357.20200103001

NORETEMETR . LR MK BRI A il 25 Sk fiE
Preparation and Properties of Antibacterial and Antioxidant NO Releasing Hydrogels
TIRE R F 2 4R]. 2023, 36(5): 453-460  http://doi.org/10.14133/j.cnki.1008-9357.20230207001

Rk i R 2R B s A 1) 5 S
Synthesis and Properties of Cottonseed Oil-Based Polyurethane Elastomer
YIREE 43 F 3R, 2020, 33(6): 563-569  htip://doi.org/10.14133/j.enki.1008-9357.20200301001

FIREANRS, HRBCEZ(ER


https://gngfzxb.ecust.edu.cn/cn/article/doi/10.14133/j.cnki.1008-9357.20250916001
https://gngfzxb.ecust.edu.cn/cn/article/doi/10.14133/j.cnki.1008-9357.20220316001
https://gngfzxb.ecust.edu.cn/cn/article/doi/10.14133/j.cnki.1008-9357.20210322001
https://gngfzxb.ecust.edu.cn/cn/article/doi/10.14133/j.cnki.1008-9357.20250428001
https://gngfzxb.ecust.edu.cn/cn/article/doi/10.14133/j.cnki.1008-9357.20200103001
https://gngfzxb.ecust.edu.cn/cn/article/doi/10.14133/j.cnki.1008-9357.20230207001
https://gngfzxb.ecust.edu.cn/cn/article/doi/10.14133/j.cnki.1008-9357.20200301001

SY/ = A S Vol. 39 No. 1
14 Journal of Functional Polymers 2026 4F 2 A

XEHS: 1008-9357(2026)01-0014-10 DOI:  10.14133/j.cnki.1008-9357.20250916001

ETHATERABERRBONERI[ENFF

B, WEF, Fis, s, FEX

(FEHHHEXFH>TFTHFEIRFR, WAL SEHERGEBRMH S BARANA T L LR E,
L ARFE 266042)

W E:. BARBPURLRHFOASHE IR AMBER, K2R TAHESFH
NA,, Ao, BARABAND R G HE EWEFW, TG LR EF B EF R, BT
EEARGHARARBORABMHI LA TN, ARl AR 7 ash R4, @it 5 NS4
H(QAS) A AARAELLEM, F AL S AR TR PERTFERAZ M A4 E848 KE (5
FATISAERT), 6 TIFHAEARRARAKERE KRENTEE T 45 (B, n=1,3,5).
KR T NEs =8 (PCL) S X WK = F fB 8 (HDD) R A R AR Y, A 1,4-T =8 (BDO) fe
Bn AT 4 A HAF T 4R, HE&ET QASME F P b 48 R ayte Ak B4 KETREY
RRAB(PU-Bn), RAHAT QASH KT e #h M4t B ML R IE e AE 6 Fvh . 45
R AW, T A PU-Bn M3 R LB RIFO AT M K F 0 h FH K Eh R HE TR
2R, QASH KA RAREAEAZE Y, AT AAREHE KORAWEA LN RARD, I
M 2 R 1% Kk A PU-B1>PU-B3>PU-B5,

EEIA: RAS; WA, T &4 Mt

hE 4 ES: TQ323.8 XkERER: A

Preparation of Antibacterial Polyurethane Based on Strategy of Adjusting
Arm Length of Quaternary Ammonium Salt
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(Shandong Key Laboratory of High Performance Polyolefin Materials and Recycling, College of Polymer Science and
Engineering, Qingdao University of Science and Technology, Qingdao 266042, Shandong, China)

Abstract: Polyurethane (PU) is widely used in the field of biomedical implants due to its tailorable mechanical properties,
excellent processability and good biocompatibility. However, planktonic bacteria often adhere to the surfaces of PU implants,
which may cause infections and threaten patient health. Therefore, the development of polyurethane materials with high
antibacterial efficiency has significant research value. Using bromomethyl alkyl acid as the raw material, three quaternary
ammonium salt (QAS) chain extenders Bn (n=1, 3, 5) with different alkyl arm lengths were synthesized by introducing QAS

groups and dihydroxyl structures, and regulating the alkyl chain linker lengths (1, 3, 5 carbon atoms, respectively) between
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the bromine atoms and ester groups in bromomethyl alkyl acid. After the pre-polymerization of polycaprolactone diol (PCL)
with hexamethylene diisocyanate (HDI), a co-chains extension reaction was carried out using 1,4-butanediol (BDO) and B# to
prepare polyurethane (PU-Bn) with adjustable alkyl arm lengths between the QAS cation center and the main chain. The
influence of the QAS arm length on the thermodynamic properties, antibacterial properties and hemolytic properties of the
material was systematically studied. The results show that all PU-Bn materials exhibit good thermal stability, excellent
mechanical properties and a low hemolysis rate. The antibacterial experiment reveals that the QAS arm length has a
significant impact on the antibacterial performance. Polyurethane with a shorter arm length demonstrates better antibacterial
ability, and the antibacterial effect follows the order: PU-B1 > PU-B3 > PU-B5.

Key words: polyurethane; antibacterial; quaternary ammonium salt; structure; property
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Fig.2 Synthetic routes of PU and PU-Bn
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Table I Nomenclature and the molar ratio of feedstocks of samples

n(Chain extender)

Sample n(PCL) n(HDI)
BDO B1 B3 BS5
PU 0.5 1.05 0.50
PU-B1-0.4% 0.5 1.05 0.49 0.01
PU-B3-0.4% 0.5 1.05 0.49 - 0.01
PU-B5-0.4% 0.5 1.05 0.49 - - 0.01
PU-B1-1.1% 0.5 1.05 0.47 0.03
0.4%, 1.1% represent the mass fractions of QAS group
PU-B1-0.4% PU-B3-0.4% PU-B5-0.4%

! 2
dah At #AY dnt OHHUXY dn @ HHBAS

Aot oiury pA2asrY d raaeas

PU-B1-1.1% PU

K3 PU5 PU-Bn KR
Fig. 3 Photos of PU and PU-Bn
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Fig.4 'H-NMR spectra of B1, B3 and B5
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Fig. 5 FT-IR spectra of PU and PU-Bn
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Fig. 7 Water contact angles of PU and PU-Bn films
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