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Abstract: With the increasingly serious issue global climate change, achieving carbon neutrality has
become a common goal pursued by the international community. Against this background, humic acid, as an
important soil conditioner and organic fertilizer additive, has shown great potential in agricultural production
and has become one of the hot research fields. In order to gain a deeper understanding of the current status
and development trends of humic acid research under the background of carbon neutrality, this paper uses
bibliometric methods to analyze the annual number of publication, countries, authors, institutions, and keywords
based on literature information related to humic acid and carbon neutrality published from 2008 to 2023 in the
SCI-E network database of Web of Science (WoS). The results showed that, a total of 29064 articles in the field
of humic acid and carbon neutrality were published from 2008 to 2023. The annual number of publication

showed a fluctuating upward trend. The literature in the WoS database covers 121 countries worldwide, among
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which China has published 14487 articles, accounting for 49.85% of the total number of publications; The

Chinese Academy of Sciences and the University of Chinese Academy of Sciences are the main institutions

that have published literature in this field. Humic acid, carbon, and carbon footprint are the core contents of

the current research in the field of humic acid and carbon neutrality. The results of biliometric analysis help to

understand comprehensively the research hotspots and trends of humic acid under the background of carbon

neutrality, and can provide reference for the future research directions of humic acid.
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Fig.1 Changes in the number of publications related to
humic acid carbon neutrality from 2008 to 2023
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Tab.1 Distribution of the top 10 countries or regions with the highest number of publications

related to humic acid carbon neutrality

44 EP3 B (i) ditt (%)
1 THE PEOPLE’S REPUBLIC OF CHINA ( H[H ) 14487 49.85
2 USA (EH) 3764 12.95
3 GERMANY (£ ) 1266 4.36
4 SOUTH KOREA ( #i[H ) 1063 3.66
5 CANADA (JEEX) 920 3.17
6 SPAIN ( FUPL ) 914 3.14
7 AUSTRALIA (#RFIE ) 901 3.10
8 ITALY (ERF) 891 3.07
9 INDIA ( EREE) 872 3.00
10 FRANCE () 863 2.97
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Fig.2 International cooperation co-occurrence map in humic acid carbon neutrality field
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Tab.2 The publications of the top 10 authors in humic acid carbon neutrality field

4 e K (i) s (%)
1 Ma Jun 113 0.39
2 Xing Baoshan 104 0.36
3 Wang Xiangke 80 0.28
4 Chen Wei 77 0.26
5 Gao Baoyu 68 0.23
6 Liu Yang 51 0.18
7 Piccolo Alessandro 51 0.18
8 Li Wei 47 0.16
9 Wang Lei 47 0.16
10 Hayat Tasawar 47 0.16
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Fig.3 The authors of the article cooperation co-occurrence map in humic acid carbon neutrality field
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Tab.3 The publications of the top 10 institutions in humic acid carbon neutrality field
k44 WAL K (FE) mitk (%)
1 Chinese Academy of Sciences ( H1[EF}2£[E ) 2278 7.84
2 University of Chinese Academy of Sciences ( H1[ERI2ZBE R ) 732 2.52
3 Centre National de la Recherche Scientifique ( CNRS ) ( EZH B} 5T Ly ) 536 1.84
4 Tongji University ( Al K2 ) 536 1.84
5 Harbin Institute of Technology ( M /RifE Tl K24 ) 530 1.82
6 Tsinghua University ( {EHER) 492 1.69
7 Russian Academy of Sciences (&% iRl B ) 487 1.68
8 Nanjing University ( B K% ) 440 1.51
9 Research Center for Eco-Environmental Sciences ( RCEES) (EZ&MIEF) 438 1.51
RS )
10 Zhejiang University (#iiT R ) 378 1.30
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Fig.4 Institutional cooperation co-occurrence map of publication in humic acid carbon neutrality field
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Tab.4 The top 10 keywords for frequency and intermediation centrality of
related research literature in humic acid carbon neutrality field
e 2 B HE A RS
K] HER () K] g

1 humic acid 7450 humic acid 0.25
2 humic substances 3180 impact 0.13
3 adsorption 3175 decomposition 0.11
4 removal 2932 reduction 0.10
5 water 2736 CO, emissions 0.10
6 humic acids 2323 adsorption 0.09
7 organic matter 2204 removal 0.09
8 dissolved organic matter 1943 substances 0.09
9 natural organic matter 1931 growth 0.09
10 substances 1858 dissolved organic matter 0.07
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Fig.6 Keywords clustering diagram of related research literature in humic acid carbon neutrality field from 2008 to 2020
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desorption 2008 64.85
complexation 2008 63.88
fulvic acid 2008 62.59
sediments 2008 62.37
metal ions 2008 55.54
aggregation kinetics 2012 49.11
titanium dioxide nanoparticles 2015 49.01
efficient removal 2018 55.14
CO, emissions 2021 176.79
emissions 2021 127.73
climate change 2021 116.61
renewable energy 2021 111.53
energy consumption 2021 95.98
economic growth 2021 93.76
impact 2011 91.55
consumption 2021 90.91
efficiency 2021 88.06
optimization 2020 85.87
impacts 2021 74.76
biomass 2020 62.87
management 2016 62.12
greenhouse gas emissions 2021 58.31
sequestration 2021 56.42
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