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Abstract: With the continuous expansion of phosphogypsum production and stockpiling, its associated environmental risks were
increasingly recognized as prominent. Based on a CiteSpace analysis of research hotspots in literature from the China National
Knowledge Infrastructure (CNKI) and Web of Science (WOS) over the past 25 years, along with a visualization of Derwent Innovation
patents, the number of related publications was shown to have grown steadily from 2000 to 2025. China was ranked first in terms of
publication volume, patent output, and research centrality, which reflected its strong scientific and technological influence. Studies based
on CNKI were tended to be focused on material performance optimization, by-product utilization, and numerical simulation, while
greater emphasis was placed on environmental risk assessment and the recovery of rare elements in WOS literature. In terms of patent
distribution, domestic research was primarily centered on building materials, the chemical industry, agriculture, and environmental
management, whereas foreign research was more concentrated on the extraction of dispersed metals. Future research directions were
expected to prioritize low-cost in situ harmless treatment, risk assessment of large-scale disposal processes, systematic management of
environmental pollution, efficient extraction of rare and precious metals, and the integration of carbon footprint analysis with low-carbon
technologies. Additionally, a growing emphasis was placed on strengthening international cooperation and developing risk prediction and
early warning models through the application of artificial intelligence and multi-source data integration.

Key words: phosphogypsum storage; environmental risk monitoring and prevention; systematic management of environmental
pollution; research hotspots; patent layout
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Fig.1 Global Patent Count and Publication Volume in the Field of Phosphogypsum
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) *“reaction mechanism( W ALEE)”. Tl A B A ) i 7 A R S B HE A B o B PR AL
J:T CiteSpace [ 5 ia] ZR SIS [A] 28 & (WL K] 6), FRAE L TE R A 2 BRI 32 Bl (H1-#7).

F 4 WOS iR E A T USR5 SCRkAY A R IR R SREL 1
Table 4 Hotspots and Burst Keywords in Phosphogypsum Literature from the WOS Database

KA BRI RSB JHiR gl 2000~2025 4

natural radioactivity (FARTR 1) 2000 22.82 2004 2017
amendments (2 ) 2005 7.05 2005 2011
ra 226 (£5-226) 2006 124 2006 2012
soils (:4%) 2006 8.39 2006 2011
lime (f5 ) 2003 12.18 2009 2012
radioactivity (55 k) 2001 1452 2012 2018
heavy metals (£ 4:J&) 2004 7.43 2012 2015
soil (1-3) 2000 9.67 2013 2017
natural radionuclides (K AR U 14:4% K) 2005 6.92 2014 2015
gypsum (&) 2003 6.62 2014 2016
calcium sulfate (A E245) 2013 6.71 2015 2018
environmental impact (F5E520) 2018 8.31 2018 2021
calcium carbonate (B2 45) 2015 6.07 2018 2019
management (& #) 2019 8.14 2019 2022
sorption (W) 2020 6.51 2020 2021
steel slag (447%) 2020 6.32 2020 2021
organic matter (5 H14%) 2009 8.86 2021 2022
extraction (32H%) 2006 6.54 2021 2022
superphosphate (i i R45) 2021 6.18 2021 2022

H H Mz yrayivy
calcium sulfate heg;lydrate (KRR 2001 6.92 2002 2005
temperature (J5./%) 2019 6.33 2022 2023
impurity (<) 2019 5.06 2022 2025
mechanism (HLi1) 2020 5.59 2023 2025
mechanical strength (/72458 FF) 2023 5.54 2023 2025
reaction mechanism (J S A/LEH) 2016 5.35 2023 2025

K6 WOS s P rh i A7 B SIUSUIT 7 SCHR S B 1] I 1) 25
Fig.6 Timeline of Keywords in Phosphogypsum Literature from the WOS Database
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I R WE 7C R PR < A AR B SRR R
Je [ A< 38 Ul AT FEANORTE A E B, i
TFARIARNIRTT 24 ORE MR BE AN 853 2 4 1R S M
[F] I Ty AR RE” 2 ARt — P am AL 10 B A A

I, 95 22 [ R D A 5 TREE A5

2015 FELAJE #6 TS O I T RIS A
KRB EL G fLE R P IR E B LB H &
Ja [ e 4%, W 7 E R e T A B AR OS5 R i
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=5 CNKI i E DA T S o SCakay i s im R =I5
Table 5 Hotspots and Burst Keywords in Phosphogypsum Literature from the CNKI Database

KA EHIKEIES  RIGEE JFiE 25 2000~2025 4
i B 2000 20.13 2000 2005
PEA B 2005 20.32 2005 2012
Tk 2001 9.29 2008 2010
L 2009 6.86 2009 2010
Rtk 2006 7.45 2010 2012
IR 2001 5.24 2012 2013
i B S 2010 5.1 2012 2013
™ 2007 8.31 2014 2018
AR 2010 6.16 2015 2016
Lhigith 2010 10.52 2016 2019
g 2003 7.17 2017 2020
J1%VERE 2011 31.17 2020 2025
K AL 2016 6.46 2020 2025
Gin/ A 2011 16.29 2021 2025
O£ 2019 13.19 2021 2025
Tl [ g 2021 7.96 2021 2025
) 2016 7.28 2021 2022
% F e 2022 11.29 2022 2025
Tk 2022 8.1 2022 2025
L5+ 2022 7.81 2022 2025
HER 2019 7.38 2022 2025
& Bt 2015 6.98 2022 2023

K7 CNKI Hdfs e gt A 5 QIR 0 SCHR 5 B 1] I ) 25
Fig.7 Timeline of Keywords in Phosphogypsum Literature from the CNKI Database
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Table 6 Utilization Amount and Proportion of
Phosphogypsum in Guizhou Province by
Different Pathways

FIH 845 FIH &I 1) I 5 (%)
ZEaF A 1125.49
Wil e 588.6 523
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Fig.8 Technological trends in phosphogypsum based on the DIl database

1.CERAMIC(Fg'4), CEMENT(7KJ8), CONCRETE(i&#t 1), MATERIAL(#f %), PARTICLE(Hikr), OXIDE(% Ak #), COMPOSITE(E &+ kD;
2.FERTILIZER(JEAL), SOIL(15E), CROP(KA/EH), NITRIFICATION INHIBITOR(RS fL41#71), NUTRIENT(3%43), AGRICULTURAL (R ),
GROWING (% K); 3.CARBON(f%), HYDROGEN(4(), PARTICLE(#ifi), GRAPHENE(f1 # /%), NANOTUBE(4 >k &), DIOXIDE( A 14.4%),
SILICON(F#); 4.OXIDE(41k4), PARTICLE(HiHL), MAGNESIUM(EE), ALUMINA(S 1 45), CALCIUM(45), CERIU(%), MALUMINUM(43);

5.0RGANIC(H#LIf), LIGHT EMITTING (), COMPOUND(14,#4), LAYER(Z), ELECTROLUMINESCENT(H1U & )t:), MATERIAL

(F1%}), PARTICLE(Wi%i); 6.PLANT(47), CULTIVATION(#:£), GROWING (4 ), IRRIGATION(#: ), CROP(£ 1EH)), GROWTH(4

), GREENHOUSE(iff: %); 7.WATER(/K), WASTEWATER(%/K), FILTER(Y #%%), SLUDGE(/5¥¢), MEMBRANE(JIi), TANK(#),
WASTE(%47); 8.RESIN(# IF), POLYMER(% &47), RUBBER(1£)IX), FILLER(3 ), COMPOUND (X, &47), FILM(# /i), AGENT(5)

K9 DI BEAE SIS E T K HAR
Fig.9 Currently Developing Technologies in Phosphogypsum Based on the DIl Database
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