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Abstract

Methylene blue, as a typical cationic dye, has become one of the typical pollutants in aquatic envi-
ronments due to its structural stability, strong biological toxicity, and difficulty in natural degrada-
tion. Natural polymer polysaccharides, characterized by their wide range of sources, biodegrada-
bility, and rich active functional groups, have shown promising application prospects in the treatment
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of methylene blue wastewater. This paper systematically reviews the structural characteristics of
polysaccharide materials such as chitosan, cellulose, sodium alginate, and -cyclodextrin, as well as
their adsorption performance and mechanism towards methylene blue. Research indicates that
these materials achieve efficient removal of methylene blue primarily through multiple mechanisms
such as electrostatic interactions, hydrogen bonding, host-guest inclusion, pore filling, and ion ex-
change. By means of chemical modification, crosslinking, compositing, or magnetic functionaliza-
tion, their adsorption capacity, regeneration performance, and solid-liquid separation efficiency
can be significantly enhanced. Among them, the highest adsorption capacity of modified chitosan
composite materials can reach 1284.50 mg/g, sodium alginate magnetic spheres can be quickly re-
covered under a magnetic field, and f-cyclodextrin and its derivatives exhibit excellent removal
rates for low-concentration dyes. Future research should further optimize the structural design of
polysaccharide materials, improve their selectivity and stability in actual wastewater, and promote
their development towards engineering applications.
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Figure 1. Structural formula of methylene blue
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MOF-COOH 5 MB Z [8] ({1 IR 51 e85, s B K RH T AT P PT BE OV S B o - HERAAE I AERRIE R
FRZ MBI EON R . BP0 % T p-AIRIEAEYE R R EMEE ISR R 77 H A 5
RIAIE" 3 3 s R a1 b ] 11 i o o Y [ M (D

4. FARARABS FEREAELETFEEFRNNH

TENV F W PR /K AR B () S bR S A, ARSI R AR = 0 2 B 0 L 2 MR A8 R B AR,
Pl 2% B AR A O S S AR BERLRE . 58 RN I A I B o ) 4 R A B R, 9 e A
FIARE BRI B IR ACHE S-S 6115 A-CS/CD 1R, 7E 25°C R xhIE B 3 3 (10 W B 25 B e i
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DA 90%LA b o ¥ EERENET AS BRSO, SR ALR B A I T B e Bl AR e v, B AR I
W R R S M B

DOI: 10.12677/wpt.2026.143018 173 VIS Y 3


https://doi.org/10.12677/wpt.2026.143018

TIRE %

4.4. - HPBTEA IR T R EIEHRER

TENV FRAS IR I T, B-FRRITKE (B-CD) R AR IR AR5 K, BRI 45, Refigilid R R s
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Table 1. Comparison of the properties of natural polysaccharides
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