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Preparation of Cellulose Nanofiber Aerogel and Its Adsorption Properties for
Heavy Metal Ions

LI Nan, ZHANG Wenjing, LI Yuanyuan, DAI Hongyan
(Department of Architecture and Enviromental Engineering, Taiyuan University, Shanxi, Taiyuan 030032, China)

Abstract: To address the issue of heavy metal ion contamination in water, we synthesized a TEMPO (2,2,6,6-Tetramethylpiperidino-
oxy)-oxidized nanocellulose (TOCNF) /polyacrylic acid (PAA) composite aerogel (TP composite aerogel) featuring a highly porous
structure. This aerogel was produced using ice-templating and rapid freeze-drying techniques to enhance pore formation. The influ-
ence of the ratio of TOCNF to PAA on the morphology and structure of the composite aerogel was examined. As a result, when the
ratio of TOCNF to PAA was 6:4 (TP-6), the TP-6 composite aecrogel exhibited a interconnected pore structure and achieved a maxi-
mum specific surface area of 246.7 m?*/g. The abundant pore structure and numerous carboxyl and hydroxyl groups in the TP-6 com-
posite aerogel confer excellent heavy metal ion adsorption properties. Within a pH range of 1.0 to 6.5, the adsorption capacity of the
TP-6 composite aerogel for heavy metal ions increases progressively with pH rising. At a pH of 6.5, the TP-6 composite aerogel
demonstrated maximum adsorption capacities for Cu*’, Pb*, and Cd*", of 115.2 mg/g, 136.1 mg/g, and 137.2 mg/g, respectively. The
ice-templated rapid freeze-drying technique offers a novel approach for the green and efficient removal of heavy metal ions from
wastewater.
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Fig. 1 TIllustration of the preparation process of TP composite aerogel and its adsorption of heavy metal ions
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Fig. 2 (a) The AFM image of TOCNF and (b) the corresponding height profile, (c), (d) The TEM images of TOCNF
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Fig. 3 The SEM image of five TP composite aerogels with different proportions and corresponding EDS mappings
(a) TOCNEF aerogel; (b) TP-8 aerogel; (c) TP-6 aerogel; (d) TP-4 aerogel; (e) TP-2 aerogel.
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Fig. 4 The structural characterization of five TP composite aerogels with different proportions
(a) The nitrogen adsorption-desorption isotherms of TOCNF, TP-8, TP-6, TP-4 and TP-2 aerogels; (b) The FTIR spectra of TOCNF,
TP-8, TP-6, TP-4, TP-2 aerogels and PAA.
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Fig. 6 The adsorption kinetics fitting of TP aerogel for Cu**, Pb>" and Cd**
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Table 1 The kinetics fitting parameters of TP aerogels for

Cu*’, Pb*"and Cd*

EHEREES  Qu K, R/ Qe K, R

Ccu*t 116.61 0.0l 096 127.6  0.001 098

Pb** 126.1  0.01 090 1364 0.001 0.93

F 1 4% A 18 R cd*t 1427 0.02 096 151.1  0.002  0.98
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