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Comprehensive Experimental Design on Removal of Reactive
Orange 16 Dye by Glutaraldehyde Cross-linked
Chitosan/Alumina Adsorbent

WU Rui-hong, CHEN Ling-zhi, XING Guang-en”
(School of Chemistry, Hengshui University, Hengshui 053500)

Abstract: Integrating teachers’ research work with the principles of green chemistry, this study designs
an improved comprehensive chemistry experiment titled “removal of reactive Orange 16 dye using
glutaraldehyde-crosslinked modified chitosan/alumina adsorbent”. The experiment targets key challenges
in the treatment of textile dyeing wastewater, particularly the difficulty of removing reactive Orange 16, as
well as the limited adsorption capacity, poor stability, and weak regenerability of conventional adsorbent
materials. In this work, alumina modification is employed to increase the specific surface area of the
adsorbent, while glutaraldehyde crosslinking is used to construct a three-dimensional network structure,
thereby enhancing the adsorption performance. The experimental design follows a complete workflow
including material preparation, characterization analysis, performance optimization, regeneration and
reuse, and adsorption mechanism investigation. It also incorporates response surface methodology
(Box-Behnken design), kinetic and isotherm fitting, function construction, and other contents, enabling
students to conduct experiments independently, establish environmental awareness, and cultivate a sense
of responsibility for serving society through scientific research.
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Figure 1 Schematic synthesis diagram of glutaraldehyde cross-linked chitosan/alumina composite material
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Figure 2 Adsorption capacity curve of glutaraldehyde
cross-linked chitosan/alumina for RO16 dye with different

mass concentrations over time
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Table 4 Pseudo-first-order kinetic (PFO) fitting data

¢o (mg/L) g, (exp) (mg/g) ky (I/min) g, (cal) (mg/g)  R?

20 17.55 1.4079 17.4640 0.9987
40 34.99 0.7789 34.5941 0.9934
60 52.05 0.3690 51.1633 0.9781
80 67.31 0.2737 66.2346 0.9699
100 97.68 0.1422 94.9858 0.9934
150 147.09 0.0688 139.2855 0.9561
200 187.63 0.0555 168.9132 0.9156
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Table 5 Pseudo-second-order kinetic (PSO) fitting data

¢o (mg/L) g, (exp) (mg/g) k,(g/mg-min) g (cal) (mg/g) R’

20 17.55 0.4234 17.5851 0.9999
40 34.99 0.0612 352293 0.9989
60 52.05 0.0189 51.5674 0.9548
80 67.31 0.0078 68.2265 0.9941
100 97.68 0.0032 98.2389 0.9998
150 147.09 0.0007 147.0461  0.9925
200 187.63 0.0004 180.6523  0.9720
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Table 6 Adsorption isotherm model fitting data of glutara-
Idehyde cross-linked chitosan/alumina composite adsorbent

for reactive Orange 16 dye
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Figure 3 FTIR spectra of glutaraldehyde cross-linked

chitosan/alumina before and after RO16 adsorption
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Figure 4 SEM images of glutaraldehyde cross-linked
chitosan/alumina before (a) and after (b) RO16 dye adsorption
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Figure 5 Schematic diagram of adsorption mechanism between glutaraldehyde cross-linked chitosan/alumina and RO16
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