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Thermal processing and properties of reversible cross-linked plant fibers
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Abstract: A method of continuous flash pretreatment combined with oxidative amination grafting is
proposed to prepare the cross-linked biobased material which can be hot processed. The effects of
thermoforming processing methods, decrosslinking recovery and reprocessing on the properties of the
materials are investigated. The results show that when the mass ratio of sodium periodate to plant fiber is
0.3 and the molar ratio of amine to aldehyde is 1.4, the sheet exhibits excellent mechanical properties and
good hydrophobicity. The expansion rates of bending strength and water absorption are 58.2 MPa and
15.7%, respectively, and the tensile strength is increased to 69.9 MPa after dynamic molding. The water
absorption expansion rate is reduced to 11.2%. The results show that the strength of 3 h, 80 °C hydrolyzed
products can reach 55.1 MPa and the properties can be maintained to 78.9% after crushing, hydrolyzing,
and reforming the dynamic moulded sheets. The results prove the feasibility of oxide-amination
modification method and dynamic die molding to prepare high performance plant fiber materials, which is
helpful to realize the recycling of plant fiber and the development of environmentally friendly biomass materials.
Key words: plant fiber; oxidative amination; reversible crosslinking; dynamic compression molding ; water
absorption and swelling
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Fig.1 Mechanism of reversible crosslinking modification of plant fibers
(a) oxidative amination of cellulose ; (b)oxidative amination of

hemicellulose ; (¢ )imine hydrolysis ; (d) photograph of the modified sample
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Fig. 2 Compression molding crosslinking method and mechanism

(a)schematic diagram of molding ; (b) mechanism diagram of imine bond crosslinking ;

(¢)ordinary molding pressure variation diagram; (d )dynamic molding pressure variation diagram
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Fig. 3 Quantitative analysis of the degree of modification of reaction products

(a)content of aldehyde group in OHF with different oxidation degree ; (b)content of DA 102 in OAHF with different molar ratios of amine to aldehyde
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Fig.4 Thermal analysis of modified products
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Fig.5 Micromorphology image of compression-molded product

(a)surface of ordinary compression-molded product; (b)surface of dynamic compression-molded product;

(¢)cross-section of ordinary compression-molded product; (d )cross-section of dynamic compression-molded product
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Fig.6  Comparison of properties of different compression-molded products

(a)density ; (b)water absorption and water absorption thickness expansion; (¢)stress-strain curves of flexural testing ;

(d)flexural strength and flexural modulus
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Fig.7 Morphology images, X-ray diffraction spectra and crystallinity of recycled product

(a)recovered particles; (b)pressed sheet from recovered particles ; (¢ )micromorphology of recovered particles ;

(d)X-ray diffraction spectra; (e)crystallinity
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Fig.8 Mechanical properties of recycled materials under different hydrolysis temperatures

(a)stress-strain curves; (b)flexural strength and flexural modulus
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Fig.9 Mechanical properties of recycled materials under different hydrolysis time

(a)stress-strain curves; (b)flexural strength and flexural modulus
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Table 1  Comparison of various properties of sheet OAHF-0.3-1.4 and high-density fiberboard

Water absorption thickness

Name Forming method Density/(g+cm™) ) Bending strength/MPa
expansion rate/ %
High density fiberboard (GB/T >0.8 —(common type) =35
31765—2015) >0.8 <16 % (moist type) >38
>0.8 <C12% (high humidity type) >38
OAHF-0.3-1.4 Ordinary molding 1.29 15.7 58.2
Dynamic molding 1.39 11.2 69.9
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