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Fig. 1 Schematic illustration for the synthesis of AI-ADP from waste PA66 towards evaporation-driven electricity generation.
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Fig. 2 (a) FTIR spectra and (b) 'H-NMR spectra of the
nylon degradation solution and the recrystallized product.
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Fig. 3 Crystal structure of AI-ADP with a MIL-53(Al)-type topology: (a) XRD patterns; (b—d) The coordination environment

and framework connectivity.

(b)

Fig. 4 Morphology and elemental distribution of AI-ADP. (a) TEM image of Al-ADP; (b) Low-magnification SEM image
showing the overall morphology; (c) High-magnification SEM image revealing the detailed surface structure; (d—f) EDS

elemental mapping images of C, O and Al.
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Fig. 5 (a) N, adsorption-desorption isotherms of AI-ADP and DFT pore size distribution; (b—d) High-resolution spectra of

Al 2p, C Isand O 1s.
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Fig. 6 (a, b) SEM images of the PVA/Al-ADP coated membrane; (c) Large-area membrane; (d) Stability under strong alkaline

conditions; (e¢) Mechanical flexibility under deformation.
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Fig. 7 (a) FTIR spectra of viscose cloth, AI-ADP, and Al-
ADP cloth; (b, c) Water contact angle images of viscose
cloth and AI-ADP cloth.
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speeds; (f) Performance comparison with some reported systems.
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Fig. 9 Molecular dynamics simulation (MSD) of ion transport
in the AI-ADP system. (a) Initial configuration and (b) final
configuration after 10 ns simulation in simulated seawater;
(c) Mean square displacement (MSD) curves of Na* and
CI', together with the corresponding diffusion coefficients.
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Research Article

Construction of Aluminum Metal-Organic Frameworks via Upcycling
Chemical Recycling of Waste Nylon for Hydrovoltaic Power Generation

Xin-yao Zhang, Xiao-yan Zhu, Xue-ying Wen, Gui-xin Hu, Hui-yue Wang, Zhi-kun Dai, Ran Niu, Jiang Gong"
(Key Laboratory of Material Chemistry for Energy Conversion and Storage, Ministry of Education,
Hubei Key Laboratory of Material Chemistry and Service Failure, School of Chemistry and Chemical Engineering,
Huazhong University of Science and Technology, Wuhan 430074)

Abstract The staggering accumulation of plastic waste necessitates advanced strategies for the upcycling of
engineering plastics like nylon 66 (PA66), which was characterized by high chemical stability and limited high-
value recycling pathways. Herein, we reported a sustainable and green upcycling strategy that transformed waste
PA66 fishing nets into high-performance aluminum-based metal-organic framework (MOF) nanomaterials
(named as Al-ADP) for evaporation-driven hydrovoltaic energy harvesting. Through an efficient alkaline
hydrothermal process, PA66 was depolymerized into a monomer-rich solution containing adipic acid (ADP),
which served as the organic ligand for the direct aqueous synthesis of AI-ADP. This direct synthesis strategy
bypassed the laborious separation and purification of ligands, significantly enhancing the environmental and
economic efficiency of the recycling process. The synthesized Al-ADP possessed a MIL-53(Al)-type topology
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and a hierarchical porous nanoflower morphology assembled from one-dimensional nanorods. By cross-linking
Al-ADP with poly(vinyl alcohol) (PVA) and loading it onto a flexible viscose non-woven fabric, a robust
hydrovoltaic generator was fabricated. Under typical ambient conditions (20 °C, 59% relative humidity), a single
device yielded a stable output voltage of 0.41 V and a current of 4.76 pA. Comprehensive environmental testing
demonstrated that the device performance is highly responsive to temperature, humidity, and wind speed, with
relative humidity identified as the dominant regulatory factor. To evaluate practical scalability, an array of 20
integrated devices was tested in an outdoor environment, successfully delivering a series output of 6.59 V and a
parallel output of 38 puA. Furthermore, molecular dynamics (MD) simulations provided molecular-level insights
into the hydrovoltaic mechanism. It was discovered that the diffusion coefficient of Na* is substantially higher
than that of Cl~ within the AI-ADP channels. This ionic selectivity is driven by the synergistic effect of the
charged AI-ADP interfaces (abundant in carboxyl and Al—O coordination sites) and the continuous
nanostructured pathways, which together facilitate effective charge separation during evaporation-induced fluid
transport. This work not only establishes a closed-loop system for waste plastic upcycling but also offers a
scalable and low-cost material platform for sustainable off-grid power generation.
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