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Abstract

The shortage of fresh water resources has become an increasingly serious global problem in the 21st
century. With the development of industry and agriculture, the problem of water pollution and safe water
use has become more and more obvious. As a new technology for acquiring fresh water resources, solar
driven interface evaporation technology has the advantages of environmental friendliness and sustainability,
but its practical application is still limited by technical problems such as high preparation cost and complex
process, and there are shortcomings such as insufficient stability in the water quality environment
containing high salt, microorganisms or pollutants. Natural polymer materials have the advantages of easy
availability, low price, green environmental protection, etc. At the same time, its function can be realized
through the composite and corresponding modification of different materials. Based on this, this work aims
to solve the above problems by studying natural polymer materials with high photothermal efficiency,
antibacterial property and antibacterial property for sewage treatment, and exploring the properties of
related materials. The thesis is as follows.

(1) SA/GO-NixPy composite aerogels with porous structure was constructed with sodium alginate (SA)
as matrix by two-step solvothermal method and functional modification, and by foaming and freezing
crosslinking techniques with sodium dodecyl sulfate (SDS). At the same time, the hydrophilicity of the
composite aerogels is good, which is conducive to the transport of evaporative water. The full-spectrum
absorption rate of the optimized composite aerogels is 85.7%, the photothermal conversion efficiency is
86.7%, and the evaporation rate under simulated sunlight is 2.62 kg-m™2-h™!, which is 5.9 times higher than
that of pure water. Stable evaporation performance is maintained in 10 wt% high-salt solution, acid,
alkaline and dye pollution, and the salinity of the water after desalting is reduced by 3 orders of magnitude,
the ion concentration meets the drinking water standard, and it has excellent antibacterial ability.

(2) Using bacterial cellulose (BC) nanofiber network as rigid skeleton, biphase reinforced structure was
formed through covalent cross-linking of polyvinyl alcohol (PVA) and glutaraldehyde (GA), combined
with the synergistic effect of sea urchin-like NixPy and graphene oxide (GO). BC/PVA/GO-NixPy
composite aerogels was prepared by directional freezing crosslinking with GA. The vertical layered
channels constructed by directional freezing technology formed a multistage structure with BC rigid
skeleton and PVA flexible network, which significantly improved the photothermal conversion efficiency
(97.1%) and evaporation rate (3.36 kg-m2-h™"). The near infrared wide spectrum absorption characteristics
of NiPy combined with the full spectrum absorption capacity of GO make the surface temperature of the
composite aerogels reach 47.4 °C under 1 kW-m2 light, which is 26.5 °C higher than that of pure water,
and has 99% antibacterial effect. Moreover, the composite acrogels can maintain a stable cycle capacity of
15 times in the water evaporation environment under various conditions and degrade the corresponding dye
wastewater.

(3) High purity cellulose (CS-CEL) was prepared from local cotton straw in Xinjiang by mild alkali-
acid-bleaching fractation process. Biochar supported nickel-phosphorus compounds (C@NixPy) were
synthesized by the synergistic effect of phosphoric acid impregnation and fused salt template method. CS-
CEL/C@NixPy double network aerogels with vertical channels were constructed by the composite of CS-
CEL cellulose skeleton with C@NixPy photothermal material through directional freezing assembly
technology and freeze-thaw cycle. The light absorption rate and surface temperature of the loaded C@NixPy

calcined at 900 °C increased to 90%, the surface temperature increased to 93.4 °C, the photothermal



conversion efficiency reached 92.9%, and the evaporation rate reached 3.22 kg-m?2-h'. The CS-
CEL/C@NixPy composite aerogels after removing lignin from cotton stalk powder has excellent
hydrophilicity, showing excellent desalting ability under 1 kW * m? light, and showing good water
evaporation and treatment effect in solutions with different salt concentrations, solutions with different pH

and wastewater solutions. At the same time, a relatively constant rate of water evaporation is ensured.
Key words: Natural polymer materials; Interfacial evaporation; Light and heat conversion; Sewage

treatment; Antibiosis
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Fig 1-1 Three ways of solar thermal conversion!!?): (a) bottom heating, (b) dispersedheating, (c) interfacial

heating
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Fig 1-2 (a) Dispersed phase gold nanoparticle system in water (top) and oriented arrangement of gold
nanofilm structures at the gas-liquid interface (bottom)?!!, Hierarchical design of photothermal device with

interface of heterogeneous composite architecture!??!
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Figurel-3 Local plasma conversion mechanism based on metal nanostructures, non-radiative relaxation of
semiconductor materials, and photothermal conversion mechanism diagram of molecular vibrational energy
level transition effect!2"]
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Figure 1-4 Planar optical absorption film and photo-thermal conversion mechanism



