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Preparation of in-situ growth HKUST-1 carboxylated chitosan/silane

composite aerogel and its adsorption performance toward Congo red
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Abstract: To address the problems of insufficient removal capacity and difficulty in recycling adsorbent
materials in the treatment of dyeing and printing wastewater, a highly effective, recyclable adsorbent
material has been developed for the treatment of dyeing and printing wastewater. Using carboxylated
chitosan (CMCS) as the matrix, a carboxylated chitosan/silane aerogel (CSAP) was fabricated through
sol-gel and freeze-drying processes. A copper-based metal-organic framework (Cu-based MOFs, HKUST-
1) was subsequently loaded onto the aerogel via an in-situ growth method, yielding the composite aerogel
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HKUST-1@ CSAP adsorbent. The morphology, structure, and thermal stability of the material were
systematically characterized. Furthermore, Congo red (CR)was used as a model pollutant, the adsorption
behavior of Congo red on the HKUST-1(@CSAP composite aerogel was investigated, and its underlying
adsorption mechanism was explored. The results show HKUST-1 was successfully incorporated into the
CSAP aerogel framework, and the resulting HKUST-1(@CSAP composite aerogel exhibited a high specific
surface area together with good thermal and mechanical stability. Under the conditions of an initial dye
concentration of 800 mg/L, a pH of 10-12, a temperature of 40°C, and adsorbent dosage of 15 mg, the
HKUST-1@CSAP composite aerogel had a maximum practical adsorption capacity of 1107. 27 mg/g for
Congo red. The adsorption process followed pseudo-second-order kinetics and the Langmuir isotherm
model. After five adsorption-desorption cycles, the material retained over 82% of its adsorption capacity,
demonstrating excellent regenerability and structural stability. With its high specific surface area and
outstanding adsorption performance, and reusability, the HKUST-1(@ CSAP composite aerogel provides
new perspectives on the application of polysaccharide-based MOF composites in wastewater treatment.

Key words: aerogel; adsorption; Congo red; HKUST-1; carboxylated chitosan
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Hrbreq, N TR] U BAESE [R] 0 W2 Bf s mg/ g5k ke, K
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