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Construction of Three-dimensional Porous Chitosan-based
Composite Aerogels and Their Adsorption of Food Dyes

XU Wen-ting'2, YE Lu-tong’, ZHOU Li-na’, LUO Xing-xing?,
YANG Kang?, ZENG Jing-wen®, FAN Song-lin*"
(! College of Food and Quality Engineering, *University Engineering Research Center of High-Value
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(3School of Biological and Chemical Engineering, Guangxi University of Science and Technology, Liuzhou 545000)

Abstract: To address the issues of poor structural stability and low adsorption capacity in chitosan-based
adsorbents, this study proposes a physicochemical dual-crosslinking strategy. Utilising chitosan (CS)
as the matrix and polyethyleneimine (PEI) as the modifier, while incorporating carboxylated carbon
nanotubes (CCNT) as the nanoscale crosslinking agent, a three-dimensional porous CS aerogel adsorbent
(PEI/CCNT/CA) was constructed. Structural characterisation revealed that this aerogel possesses well-
developed macropore channels and abundant active functional groups (—NH,, —COOH, —OH), which
are conducive to the diffusion and adsorption of pollutant molecules. In adsorption performance testing,
PEI/CCNT/CA demonstrated outstanding adsorption capacity for tartrazine (TZ), achieving a maximum
adsorption capacity of 130.5 mg-g!. The adsorption behaviour conformed to pseudo-second-order
kinetics and the Langmuir isotherm model, indicating that the adsorption process primarily involved
monolayer chemisorption. The material maintained good adsorption performance across a pH range
of 2~9 and demonstrated excellent cycling stability. This study significantly enhanced the adsorption
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performance of chitosan-based acrogels by constructing a stable three-dimensional porous structure

and leveraging synergistic effects of multiple functional groups, providing a promising novel adsorbent

material for food wastewater treatment.
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Figure 2 SEM images of the adsorbed material: (a) CA; (b) CCNT/CA; (c) PEI/CCNT/CA
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Figure 3 Actual photos of (a) CA, (b) CCNT/CA and (c) PEVCCNT/CA; (d) PEI/CCNT/CA held up by petals
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Figure 4 FTIR spectra (a) and XRD patterns (b) of adsorbent

material
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Figure 5 XPS spectra of adsorbent materials
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Figure 6 (a) Effect of contact time on TZ removal by CA, CCNT/CA and PEI/CCNT/CA; (b) effect of initial pH on the
adsorption capacity of PEI/CCNT/CA for TZ; (c) pH,, of PEI/CCNT/CA (ApH = pHyuno, initial = PHNaNo, final); (d) comparison
of the pH values of TZ solutions before and after adsorption (adsorption conditions: py(TZ)=60 mg-L™!, ¥=30 mL, T=30 °C,

t=480 min, and adsorbent amount=30 mg)
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Figure 7 The adsorption capacity of PEI/CCNT/CA for
TZ during regeneration cycles (adsorption conditions:
po(TZ)=60 mg-L~", =30 mL, T=30 °C, =240 min, pH=5.5,

adsorbent amount=30 mg)
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Figure 8 (a) Pseudo-first order; (b) pseudo-second order; (c) Langmuir and (d) Freundlich adsorption isotherms for the
adsorption of TZ onto PEI/CCNT/CA (adsorption conditions: po(TZ)=30-10 mg-L~!, =30 mL, 7=30 °C, r=480 min, pH=5.5,
adsorbent amount=30 mg)

%1 PEVCCNT/CAWL TZ (95h 115551
Table 1 Kinetic parameters for the adsorption of TZ onto PEI/CCNT/CA

Pseudo-first-order model

Pseudo-second-order model

PomELT) ey (Mg ) O i) B gn mgE ) 0% g mi) R
30 29.01 23.47 17.54 0.926 29.14 19.84 0.999
60 57.29 51.16 11.71 0.959 58.07 2.53 0.999
90 85.30 76.33 11.87 0.922 85.91 3.58 0.999

% 2 PEI/CCNT/CA W f} TZ ) Langmuir £ Freundlich %%
IS5

Table 2 Langmuir and Freundlich adsorption isotherms
constants for the adsorption of TZ onto PEI/CCNT/CA

3 SCHRS AHIE ST AN (R W B R TZ 11 5 K T B
pugad
Table 3 Comparison of the maximum adsorption capacity

for TZ by different adsorbents in the literatures and this study

Langmuir constants Freundlich constants Adsorbent G (mg-g ™) Ref.

Adsorbent Im k. ) kg e CS-CTAB-AL 35.22 [21]

(mg-g’l) (L-mg’]) (mg-g’]) GO/Fe;04 magnetic 45.1 23]

PEIl/ nanoparticles
CCNT/CA 130.5 0.030 0.9838 31.494 1.77 0.961 MHDA 5013 [24]
Sawdust 4.71 [25]
i, 5 B PE/CCNT/CA R Zh W [y T TZ. F w5 Positively charged

A HE R XPSHF 48 T W B BT 5 PEI/CCNT/CA amine nanobiochar 8547 [26]

o C 1O 6 24 2 i 728 1L, 1P T S0 13 K0 PELCCNT/CA 130.3 This work
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Table 4 Thermodynamic parameters for the adsorption of
TZ by PEI/CCNT/CA

T(K) AGKI-mol™")y AH(KkI-mol')) ASJ-molt-K™
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Figure 9 SEM image (a) and elemental mapping analysis (b) of the PEI/CCNT/CA after TZ adsorption
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