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their removal properties for anionic dyes
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Abstract: [Objective] To address the challenges of difficult degradation of azo anionic dyes in environmental
wastewater treatment and the poor environmental adaptability of traditional adsorbents, this study aimed to
develop a novel composite hydrogel based on agricultural and forestry biomass (lignin) for efficient dye
adsorption, thereby providing a new strategy for the preparation of green water treatment materials. [Method]
A novel lignin-based composite hydrogel (HPAAM-VIM-LS) was synthesized via free radical
copolymerization. Its microstructure and chemical composition were characterized using scanning electron
microscopy (SEM), Fourier transform infrared spectroscopy (FT-IR), X-ray photoelectron spectroscopy (XPS),

and X-ray diffraction (XRD). Thermogravimetric analysis (TGA) and tensile/compression tests were performed
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to evaluate thermal stability and mechanical properties. Adsorption experiments investigated its adsorption
performance and reusability for the anionic dye Congo red (CR). The adsorption mechanism was elucidated by
analyzing adsorption kinetics and isotherm models in conjunction with structural characterization. [Result]
HPAAM-VIM-LS exhibited a three-dimensional porous network structure. Its surface, rich in hydroxyl,
carboxyl, and imidazolium cationic groups, provided abundant active sites. The thermal decomposition
temperature exceeded 189.9 °C. The material demonstrated a tensile strain of 746%, an elastic modulus of 15.15
MPa, and high adsorption efficiency across pH 5.0—-8.0 and temperatures of 25-55 °C. Under optimal
conditions (pH 6.0, 35 °C), a CR removal rate of 96.4% and a maximum adsorption capacity of 490.58 mg-g™'
were achieved. Structural analysis revealed that the adsorption mechanism was synergistically driven by
electrostatic attraction, hydrogen bonding, m=—m= stacking, pore filling, and coordination. The adsorption process
followed the pseudo-second-order kinetic model and was jointly controlled by external/intraparticle diffusion
and chemisorption. HPAAM-VIM-LS maintained a CR removal rate more than 85% after 7 adsorption-
desorption cycles. [Conclusion] This study successfully prepared an environmentally friendly lignin-based
composite hydrogel, HPAAM-VIM-LS, combining high adsorption capacity, broad environmental adaptability,
and excellent mechanical properties. It provides an efficient and sustainable solution for the resource utilization
of lignin and the treatment of dye-containing wastewater. [Ch, 11 fig. 3 tab. 29 ref.]
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Figure 1  Scanning electron microscopy diagram of HPAAM-VIM-LS
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Figure 5 Thermogravimetric (TG) and differential thermogravimetric

(DTG) curves of HPAAM-VIM-LS
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Figure 8 Adsorption kinetics fitting of 100 (A) and 200 mg-L™" (B) Congo red by HPAAM-VIM-LS
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Table 1  Fitting parameters of adsorption kinetics of 100 and 200 mg* L™ Congo red by HPAAM-VIM-LS

W s
WISRLT/(mg- L)
q/(mg-g™) Ki/h! R ge/(mg-g™) Ky/(g-mg'-h™") R
100 50.95 2.45 0.96 53.59 0.08 0.99
200 102.14 1.85 0.91 108.86 0.03 0.97

e g VR s K DR — SRR TR s K A HE — S B AR 4 RPN [ PRE R AL
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51k 15, 25, 35 C B, Langmuir W% B 55 5 A5 Y 200 mg- L Congo red

B R* ¥4 & F Freundlich W% B 45 iR A 1, X £ B
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Table 2  Fitting parameters of HPAAM-VIM-LS for intragranular diffusion models of 100 and 200 mg- L™' Congo red

100 mg- LW R 4L 200 mg- LM Har
W2 B I B
Cl(mg-g™") KY[mg- (g+h"*)™] R Cl(mg-g ™) K/[mg- (g-h")™] R
1 32.75 8.86 0.97 57.92 20.16 0.95
2 42.66 3.36 0.97 91.72 5.05 0.80
3 54.21 0.06 0.99 108.62 0.04 0.87
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Figure 10  Adsorption isotherm model of Congo red by HPAAM-VIM-LS
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Table 3 Adsorption isotherm parameters of Congo red by HPAAM-VIM-LS
Langmuirf##J Freundlichf& %4
HAE/C
'S Gma/(mg-g ™) Ki/(L-mg) Ry R n Kg/(L-mg™)
15 0.99 432.12 0.000 6 0.623 0.93 1.65 13.31
25 0.99 436.64 0.000 3 0.770 0.92 1.72 16.89
35 0.98 490.58 0.027 5 0.040 0.91 2.23 42.37
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