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Figure 1 Basic structures of humic acids. (a) Chemical structure of FA [13]; (b) micromolecular structure of HA [14]; (¢) 3D structures of HA model
isomers in Chelsea soil [15]; (d) 3D model of HA in brown algal soil [16] (color online).
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Table 4 Preparation of humic acid by pyrolysis
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Table 5 Effect of application of humic acid-containing fertilizers on crops
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Table 6 Application of humic acids and their structure-related
functional effects [20]
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Table 7 Adsorption of cationic and hydrophobic organic pollutants by humic acid-based adsorbents
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Abstract: Humic acid is a representative class of functional natural polymer compound with high commercial value and

good development prospects. However, the formation of natural humic acid takes a long time, so the synthesis of humic

acid by the artificial methods is considered to be an excellent value-added method. This study reviews the research

progress in structural properties, sources, preparation and applications of humic acids. Firstly, we introduce the structural

properties and function of humic acids; and then by classifing it into two categories according to their sources: mineral

humic acids and biological humic acids, we describe the current research status of four enhanced humic acid preparation

methods: microbial decomposition, hydrothermal method, catalytic/oxidation method and pyrolysis method, as well as

the applications of humic acids in agriculture, industry, medicine, environmental protection and new materials. Finally,

we give a outlook according to the challenges in the enhanced preparation and applications of humic acids.

Keywords: humic acid, structural properties, sources, preparation, applications

doi: 10.1360/SSC-2023-0080

1454


https://doi.org/10.1016/j.joei.2018.12.003
https://doi.org/10.1002/advs.201902992
https://doi.org/10.1039/C7GC01925D
https://doi.org/10.1016/j.geoderma.2006.08.004
https://doi.org/10.1016/j.jhazmat.2022.129070
https://doi.org/10.1016/j.watres.2020.116740
https://doi.org/10.1002/ange.202109689
https://doi.org/10.1016/j.apsoil.2022.104587
https://doi.org/10.1016/j.cej.2022.140916
https://doi.org/10.1016/j.eti.2022.102920
https://doi.org/10.1016/j.scitotenv.2020.138413
https://doi.org/10.1016/j.molstruc.2023.135250
https://doi.org/10.1360/SSC-2023-0080

	腐植酸 : 结构性质、来源、制备与应用研究进展
	引言���
 ���

	腐植酸的结构性质及其功能���
 ���

	腐植酸的结构性质���
 性质���

	腐植酸的功能作用���
 作用���


	腐植酸的来源���
 ���

	矿源腐植酸���
 植酸���

	生物腐植酸���
 植酸���


	腐植酸的增强制备方法���
 ���

	微生物分解法���
 解法���

	水热法���
 热法���

	催化 3�� 催化/氧化法���

	热解法���
 解法���


	腐植酸的应用���
 ���

	农业应用���
 应用���

	工业应用���
 应用���

	医学应用���
 应用���

	环保应用���
 应用���

	废水处理���
 废水处理���

	土壤重金属污染修复���
 污染修复���


	新型电极材料���
 材料���


	腐植酸的挑战与展望���
 ���

	腐植酸增强制备的挑战与展望���
 展望���

	腐植酸应用的挑战与展望���
 展望���


	总结与展望���
 ���



