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Abstract

Preparation of Bpy-Cu/polyacrylonitrile electrospun membranes and
its application to congo red removal and total phenol detection in

food

Metal-organic frameworks (MOFs) are a new type of porous materials composed
of metal ions and organic ligands. Due to their large specific surface area, structural
diversity and multiple unsaturated active sites, people realize their importance in
various fields. Bpy-Cu are composed of Cu®" as the core metal site and 4,4-bipyridine
as the organic ligand, which have advantages such as simple synthesis method and easy
modification structure. MOFs tend to agglomerate in water, which will affect their
practical application. The same thing with Bpy-Cu. Electrospinning is an effective
method to produce submicron or nanoscale polymer fibers. The prepared nanofiber
membranes have large specific surface area and high porosity. By combining MOFs
with electrospinning technology, the above shortcomings of MOFs materials can be
effectively solved and expand range of application.

While the food industry is booming, congo red and other industrial dyes were
illegally added to food by criminals. It is extremely harmful to the human body, so it is
necessary to choose a method to remove and not affect the food itself. With the rapid
development of industry, the amount of wastewater containing phenolic pollutants has
gradually increased. There is an urgent need to adopt a simple and highly sensitive
method to detect the total phenolic content in water.

As mentioned above, Bpy-Cu/polyacrylonitrile (PAN) membranes were obtained
by combining the electrospinning technology with Bpy-Cu in this study. They were
applied to the adsorption of CR in food and the detection of total phenol. The specific
contents were as follows:

1. The Bpy-Cu/PAN electrospun membranes were successfully prepared and



characterized. Bpy-Cu were dissolved in the electrospinning precursor solution, and the
Bpy-Cu/PAN electrospun membranes were obtained by direct electrospinning.
Different concentrations of Bpy-Cu/PAN electrospun membranes were prepared.
Characterizations were used to explore the effect of Bpy-Cu concentration on
electrospun films. Bpy-Cu can maintain the original plate-like morphology during
electrospinning. With the increase of Bpy-Cu concentration, the temperature of the
oxidative degradation of PAN decreases, the membranes achieved hydrophobic
transition, and the weight loss rate in water increased. The optimal concentration of
Bpy-Cu in the Bpy-Cu/PAN electrospun membranes was obtained as 30 wt%.

2. Based on the adsorption characteristics of Bpy-Cu/PAN electrospun membranes,
CR dye in food was adsorbed. The adsorption of CR by Bpy-Cu/PAN electrospun
membranes were consistented with the quasi-first-order kinetic equation and Freundlich
isotherm. Thermodynamic experiments showed that the adsorption reaction was
spontaneous and endothermic. The maximum adsorption capacity of Bpy-Cu/PAN
electrospun membranes was 121.78 mg/g. The removal rate of CR can reach more than
70% after 5 cycles. The adsorption mechanism was mainly physical, with a small
amount of chemical interaction. The effective removal of CR in grapefruit juice proved
its feasibility.

3. Based on the laccase-like activity of Bpy-Cu/PAN electrospun membranes,
colorimetric method was used to determine total phenol in food water samples. The
kinetic parameters and stability analysis of Bpy-Cu/PAN electrospun membranes were
investigated. The material had laccase like catalytic activity and could maintain good
stability under different pH, temperature and time. The colorimetric method was used
to detect phenol at 503 nm. The detection range was 0.5-100 pg/mL, and the detection
limit was 0.17 pg/mL. The method had good selectivity and provided a new idea for
the determination of total phenol in food water samples.

Keywords:
Metal-organic frameworks, Electrospinning, Adsorption of congo red, Total

phenol detection
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