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Research progress and prospects in harmless and resource utilization of phosphogypsum

ZHANG Leizeyu, LIU Jinrong

(Wuhan Qianshui Environmental Technology Co., Ltd., Wuhan 430000, China)
Abstract: Phosphogypsum, a major solid waste generated in the wet-process phosphoric acid industry, is crucial
for addressing the accumulation of phosphorus chemical waste and environmental pollution through its safe
disposal and resource utilization. The technological advancements in the past decade regarding the safe disposal
and resource utilization of phosphogypsum are systematically reviewed. In terms of safe disposal, the focus is
on analyzing the principles and applicability of multi-stage chemical precipitation, preprocessing-filtering-
membrane concentration, short-process technologies and evaporation crystallization resource utilization
technology for leachate treatment, as well as pre-treatment techniques such as washing, calcination,
neutralization, and flotation for phosphogypsum itself. For resource utilization, the review summarizes its
large-scale applications in construction materials, agricultural improvement, and ecological restoration, along
with innovative high-value approaches such as co-producing sulfuric acid and cement, recovering fluorosilicate
resources, and manufacturing high-value materials. Finally, potential future directions for resource utilization
innovation are explored, including the use of phosphogypsum as a foundation material for island building,
desertification control, rare earth extraction, and the co-processing of multi-source solid wastes. The review
indicates that through technological integration, policy guidance, and market development, transitioning
phosphogypsum from low-value disposal to high-value, full-process resource utilization is essential for achieving
its large-scale comprehensive utilization and promoting the green development of the phosphorus chemical
industry.
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Table 1 Comparison of leachate treatment technologies for phosphogypsum storage yard
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Table 2 Comparison of harmless-treatment technologies for phosphogypsum

HAR = (3= TR
B2 30 W) Rr N AT R BRRE WKECR T WIRTE R T WA TR s A
7 i BRI =S PR KT AL B

P B B R AR F BRI BT, A P REAL REfER, AR T 5% i it R R g A 43R

R R A RRUE Th AR T2 R BT AR Tk FBRA N, WTRESIA T AR SRR e o &
BT kb2

TR A AR TR s BEREAE, 2557 AT ER ZIERHE R AL 2 AT LAY i e i Y
FEAERIK

3 BAEMZEEARNAIUR

BEEE Bl FEA G REER ., £k, &
SBE TR, KErBEa o AR EE ]
ARF . M A Y
3.1 EAARBR B

98 B 7 A AR 4003 1) g FH L TR GRS A 7=l
B, FREERALERAAREL . HORAE . B kR
PR IEIFORL A i

MR A B AR KRG8, Il
A7 REFEREAK 30% LA I, ZEG AR 29 15% ~
30%. B, sEMBEE (£H) BRIULA L
1) RN BARBE A B B A RA” BeR, EihR

WEALZE P A 1, 78 BN BE R R~ 56 4 T i A
H i sl 29 7 mlifA, ZRG ARG 15 J0/m’,
AEFEREIREN T 500 7 m?. IAE AR B S R e T
I R A PR U G, il T ROR A
#40%, TH 3T m® EER TR TI30%, b
FHRI T 20%. FERHT 0 BEBE A HEBE X AR A5 45
Y RN A B KE)ZE Y, IEFEIRL 7 000
TR S S, ORISR IR C20hRiE, K
K GEGKIEPHRRRT-, PUKESR TR, [
AT 32 -20 ~ 70 CH RS . H EEESAS TR R
A BR2S FIFE S BH S e 150 H H o 2 600 m? A1 F
WA 23 000 m® 52 BT 4K K ATE £ A FE IR



2026 4
%41 5% 4

KEF®F  UROFLHF LSRR IR SRR +9]

20% . WeAh, TEBEAE AR AR KRR 2 i 5
R A T AN W08 R 200 JT 1, JEITAE WA R
YN R A T, (0 B TR AR AR 30% -
GRFBE 700 m 36 36T 9N B4 8 8 000 t, IMRE
PRiksbs s = B TR 2025 453 ) B SR A
B 1007 to WA H B K TR EE 178 B w5 N I
B, FIHMNBEA TS0 T .
32 RALARBR B

A B I AR R s el [ 2 R - B T Ty
TAT, I FHES B 7 40 - 4 v (1 ) 5 BRI -
pH (A [FIA AT U INeR . A555 0 R & i+
MV B B B wl e A i et b e i 7
5, 667 m* 1.5 tBE A B IR, e B R b
FIRE Y /N2 SR AT DASIER: 7 ~ 10 d, B T BB
B, TRETENE, S EEN37%, /N2
I LA . NS T EE I R T I T X P i i
AETRVEHE) B E SR R AR, 667 m i B
BURA0.5~1.0t, 4ol H667 m* =5 Al LIk
100 ~ 200 kg, 6 H ek B 1A R R 1k 2 333 h
(3.5 7 H ), kg T (1A 20 KA 5 R S B
JECRIR 2R )R 1142 o i i L i ) =R R R
Bk E et AR R A5 S CRIE
AP+ R, ST /INAE B 0T o o e R
= 100% LA b5 4 Hb pH R JEOR 1 9.2 B 2] 7.5 DA
T, HIEwCEVL) HIFER 2.44%18 T3] 3.05%
PLbs SEEid i AR YA . S AEIRR
IRCR . 25 BTk, BT E A E Ol A A ™
AECL 2383800 J7 t, 667 m* -k ik 2% FH 4 200 ~
30000, B ERAFEY R, — 8L
T 1~ 2 gk aT W ml aiAS ,  FLiz AR AT 58 42kt fa ml
VSR A AR 8L ) AR AS o
33 ASITEGEA

BEa B ESBEAREE AR, 5Tkl
W, i s HE e . s eE (461
A BRTHE A RIAEF B B e S A i e A s
BE RO TR, B B o RO A S A A
W RAIX, FHi%MIZHDPE (BB ERLE) B
B, R AR, B THImACY 4.6 T m’,
B2 N 2T%, HAWEAT 136.77t, [FEEE
WL~ 29 35 0 va, MIESHE L IEE AT
R 60%. I TH @ K+ AT BEMATZ
LR T AR E KR FIA0 bressE, B8
XL 7.72 he’, TR A 200 Ft, HlCE
PP, BEWAAHE RS, W H AL T 50077

JG, AMEFTLCTABEA B S L, BRI
BIBRE, HEME BEaEEAFATh TR
MRER . (FBEA B A A HERT LS
BEARBE G IIE) GRT T ARiE) 114 34F
WABE W 1111584, JAFREFL 980 hm, THANBEAH
KF1000T7t, L “PEids” A8k “HERFHEH .
3.4 BEGF A6 H HEAA A
341 GREREG ™K IE

SeMmE L (SRR ABRTHEA Al B T ]
“Ue8TiH”, RHMAE®RESMTL, KBika
B SRR A 5T R 5 7 281 450 CHsE,
O3 SO AR LA AL SE AL IR R =, ki
555 BCRHee4h UK T Bk, 5 H LT 131442
JC, AU 331 d @A™, BRAEATIE 98 A E 140
Jit, FEH 65 7t IV ERER A 80 1 t7K e . Bilg il ik
AR BT IR A1) 33%, KRl BAR 4
AORATEE T2 AR T 40% . 12550 H 3l 1 % - 45 95 U5
PEFRFIAT, BilR I iR A, KUesbs, B
PRt -TEAR - IS, O AR i
KB E RIBIRB KRR, AERME 8
WHRGTT HRmEHRAT TR
3.4.2  FUEETEIR L

St F IR FE T R TR A LR A BR 2 mAE T FH
RENE VSR S I A N AR A T B 1SR
B O o - L TR P R B B BT
A, KB FEIREE S I H T 2 OCP 5
P25 ™, 3 98% & 4L T RiAE > 250 pm YAt
B, LU REA (NaSiF,) FIWEfA (CaF,) MIER
FEAE s W H @A Tk A 2R, BRI I 4tk
AT TRERR , 500 IR BN S N A5 B SRR AN =
AP G T HECE T AR 40 7 i E I B R R
B, e EIR RGN TR E R, TN
BEIR — &G H = A BB 80 T t, Wb TWHM
REAE; MR “BEAE 0G0 o - Sk FR Up IRl SR B
FARPATFRERR AL T 00 H BERE, U DR
0% 42 T+ 3 85% , FEAR T8 H WA (94y 1
60% ) 5 &Il W) FAE BR AN A R 40 H i D 0 R0 LR B
FHAE RTINS 1.54270, SEBL T BiEA 8 H e o%
TE A BRI
3.4.3 il E AR R

HBE AR M A B A 5 i TR R
Wk B E LA AR, HEERW
BEAER 6:3: 1 iYLl 5% 1 . LEWIRIEG IR 4T
BARAECPE S , SR R R o ol B = A S A e



c92 - &7 2B% 558 AL

2026
%4155 4 40

RSFIRZEEHIEL0.5 mm P, PUIEHRJE =15 MPa,
AT DA DT B2 0 B 4 sl 1L [T 345 T
FERRIPE . 7RI Al 25 A A /R T TR
o, I AR B AT DI OB 30 S, AR
SHEH 200 T He, BARNR T 158 JEE 74 1114
Bk, SEMARE TR, AR
T 35%, AR HEKIAITERE, AR I E
ZHIAER T 50%. BLoh, B HIB AL T i
B REGHH AR, MR 34 P AE K T 25
7, WA AR 9B AR R 100 7t

344 il PE CROK) HAKE

W b 22 158 o4 kBB A B A R K FE & A
(CN223121841U), H kWA E/PEREGHIKE .
WGBTS IS, FRELEMIBTrE, M
JER )G (HDPE) IR, R FSUBFH H AL
B H AL $300 ~ 600 mm [IHEKE , 77200 km
O, TINS5 T va, JUIRE B BEAE b4t
PEASHES T 345, BUAFEIR T 22%, 77 ahC BN
T 2B A B 4B K L TR, TR
580 N AEAKFRZMHEK M, 7K 4E S 30% .
345 il KA B LR

B TUERAL T A PR ml 8 4 B Lok A %
FEOE , SRS AR A B IR KT T2
TR YIBTTC KA E 2 Rk, BB K ) 4l
FE > 98% M TL/KAE By SR AR RINIGE A, I
S YRR AR IR A o % H R 1.2440T,
A ASEL, AR50 0 HERHERE, 4R
MM EAE 3T, PP PURR AN 8 MPa, i
IR 40%, ELBKBE . %500 H AR SRR 556
K30%, AENAM 15T m?, MW 8 E b T RE
B fb e a st
4 BABAFEEREMLMEE
4.1 A5 E R K%

W ArE I 2R KBRS (CaS04-2H0) ,
2o 35 ToF AL AL B LG AR R 0 A Jie o5 1 45 4 B
FIPCIEE AR o B, ELA] LAAE 38008 8 5 10 B R
RRBERIRED AT, RIBF IR LA T A, R
P HAR TR SEBR ) 2R TR A K e . 0 i 45 [ Ak
N, ARG R A R R R, JRARF5R =5
MPa F) 2 A ke il J2 B Al 1 6 7k 2 ) 1)
Ko WA AT A, 2 B 0 [ S
VTR A Ol DR R A o (AR St
) T CBEAE BT B HARESR, By
LRI D TP TR, SR AR T T - M P U

SRR, I 0T R i S R A 2 A R

AR, B eE AW S AR AT L
RELRR A1 8 rh A B R RTV BE SRU k R0, (H2H
R BB Al SRR LE DRI R R A N R
SEPEM SIS, A5 T 22 R ASDLE AL i ] S
5. BT QEVEMPREFIAE]) s e E B
ABHEER NG, R HEshbREIELT, FE58
TR VRSN, AR TR R R LS
o
42 IEEBL

WA PP B T AT DL B SR i s
T, FRAC 4 pH, AT AR SS; B A E R
B FR AR W A b 0k vk, HOoRPEI b i . 45
FEFIUE . WETEER/RIREAG L H
FERE 667 m* HE U Bt B A 1.2 1, RHESLBRE
PR 35%, KB ANHEEIE R 50%, S0 3
30%38 2 85%, 34 NRLHHE S5 R 5 T 40% . %
WHREGRE VISR KRN, I
HXF &S (BeaEsr R ATsr %) hitsin
TR AR, RIEE I ERBEE R
FEEFSY A EEAIEE L,

WA H T AL 1A B RERR IR - 3E b ik
FRE50% L L, AN IRIK BRI FE 30%,  [] 20 BH Wr
(¥ aR = A (e ) e S R (B e e & i s R
RS R i, TR - IR IR B 4R
WEI R 2, TR E T R XK E = A S A
BRSNS, TR ERAVERIR G IF RL v
A48, HETHAAL N A AL G ek B 55 20% o
4.3 A BRI

BEaE P A RENR TR Ce. YELR
Gl CPRIZ-FER-TIIE” MR AT LIk #|
SRR B, HE B RSB NEA RS EA A
H 4L 1 H.S0.~P507 R R ikl , wLITE1.6 71
A B TP R S 1 c Al Ol 99.9% 1 - A4k
Y, LA ISR KT 90%, T (CHETERE R sk
FER AT SE) T PRI AR 1
PR, AR TR B L XDIMRAEE, %
B RR IR L BE (1) & AT 5

K BRI - 26 U1 2 A AR B0 A1 10 F
65%, (A E 48 2 BN R R 5 A% 8h
K, BT RANE R EEEAR ; MIRIE R &
WP ALY AR R L, Ab BERAS &5 100 H AR
30%, Al B A B8 A 45 TR SEBUE KL%
Hel . #f e g (R = BRI H %),



2026 4
FA1 K% 4

KEF®F  UROFLHF LSRR IR SRR £ 93

FCAES BUR BB [N FT OIE = I Ak
4.4 AR TAZE B YR AR

BEACE . ARUe . Ry e B i S AR ) H
BRI AEEAMER Y BEA B R Ca-S 4l
gy, MR Si-ALTEMEY T, A PR S
B, RGP EAR R K R KU B PE e A e
AOFEF . oo R TR A RS wI e AL 00 H o
BEAE . BRI A AR EE R, R —
B L BIHET TIRECIR A, TR T T 2 oK AT
AR e, i A5 BT 5 =30 MPa (1[5
ghk, FERT LR RME R, e R T A
B 120 T3 t, BR KU M R AR T 40% 9 AL
A ZMERGENE T (BB R RN AT Y il B
ARBAEY [P RRIRE " R, < TC
i R 7 AR RS 5

AR BRI . A AR 7R RE
A E Pl KL R E SR, Wb
RIS Y XUBS: o H RTB B X6 [ b R) = i B 85
LRTHNARE, Tl (PRI [ A 5 XU
fl ) s AT FE LI al EHETTORAR IR, BRAT K
E A5 I % 7 db Re e MR RE R, T R TE 2R
MR L RS, FEIRERT TR R 2,

5 Fit5EIN
51 %

(1) EAMAE AR TR AR AR & 2
SR K . ARSI IE AR Ay 5, FRE M
TR ES . FREZRE SRS R akE,
ML GREEER, B8 . ASBE (5
BUOh3AE) | R R (SRR ) = K4
BRAEIEAN R, EERE = AR

(2) B BRI EA A . BIER
LR A TUHE T AN T B — 3 31— S 45 6 FH A
FTF I GEEALA, A AL B 2 00 i K
FoAR B b Anfe et BRI d k. ARRA
P, PR R = BEAEIL I BN ELE

(3) FERALOUHT BRSBTS R ™
KIE, BEAE P EAER, 7RISR TR
SCE A WO E R T AU | PEHEKE
IR SE B R R V5

(4) fRPFAR R REEa7EJEE, PRy, T
A R, 2005 TR IRA BRA 40% A5 A s R4S
AT s RN T B s B R
SRR e B PR R FRRIE, 1 45U A
XMEZ (RS S . FEBbines) .

52 &L

(1) EEBCE S WA E BT B R, B s
Z U5 [ PR DAL B R, FE A AR RERE TS Ju g il A
EERIPL R T2 RHE TR -ZE - R
B A SRR A ISR, Bl HEOE K
AhPR RS s 254 WA B MR gt fin 55 Xk 7 A T
AR ESZBEMNPAERRA, 5 EmXHEER
S LN LT

(2) BV WA B TE TR R SR
TSRS, TR S i B R L
BRI P AR IS, S — R B A E E
G @ KU e RRAEARE . FENSE . BT S TR
DX A 7 A B O R Ry, RIS R R )
SAEA R W, X PO H 25 Al 225
G AT CBEAE A AN IS, T
SNSRI BE A F T . PHAETR B | L TR
PR TR

(3) HWBEAELZAFAYS K" Y
G, VIR K BEIE RPN S S, EJE . BN AR
FEARA, it @R E PR A B LR A FTRIEX,
fTil “SREZIZHE” WFH, RS R
AR, R ek R

FrREIE I BRI W7 . BORHES D]
KIT, FIHBA M TR SEERL, S5 s a g n
FIRIE , T B A5 A SR BT R 8 Y
8 R TR i i 7 A A DVl | e S L T

(&% k]

(1] VL i, w4, 4. RITE T B A8 Sl AR FHBIR

IRIRE R X5 L) . A R TR, 2026,43(2) 1 1-7,49.
JIANG T, QIAO X Y, TONG J, et al. Current Situation,
Problems, and Counter measures of Resource Utilization of
Phosphogypsum in Yangize River Economic Belt[J]. Chemistry
& Bioengineering, 2026 ,43(2):1-7,49.

(2] FEm B AR EE, SRR, 5. Bha i PR S IR S e
[J]. THLER T, 2025,57 (6):18-26.

TANG X Y, HE X J, XIE C X, et al. Research status and
prospect of phosphogypsum resource utilization[J]. Inorganic
Chemicals Industry, 2025, 57(6):18-26.

(3] 1P, WIIRFE , BR0UR,, 55, BB S5 R M LR Ty ek 4k
[J]. BUCAL T, 2023,43 (S2):76-79,85.

BAIL P, HU J S, LIANG A L, et al. A review on comprehensive
utilization and pretreatment method of phosphogypsum|[J].
Modern Chemical Industry, 2023, 43(S2):76-79, 85.

(4] JAIE, JEAHR, W14 B8, 45 B i 2 DR MR T AL AL 3R R Tl
B S SR ()] AR A" R 22 S TR, 2025,40(3) «
78-84.

ZHOU Z, TANG J L, HU D P, et al. Industrial application and



2026

- 94 - PR PR LR E Y N H F 41554
research  of phosphogypsum leachate recycling treatment [16] kFIEE k24, SERETE, 55 BRI G 8 oK K G
technology[J]. Eco-industry Science & Phosphorus Fluorine SERFFEL) ] TEHLER Tl 2022, 54 (4):40-45.
Engineering,2025,40(3) : 78-84. ZHANG L Z, ZHANG Y X, WU Z Y, et al. Experimental study

[5] Zde, WA, kAT, 55, Bief 8 R v AL A R AR &0 on removal of water-soluble phosphorus and water-soluble
Ais[J ] BB ,2025,45 (1):34-41. fluorine from phosphogypsum [J]. Inorganic Chemicals Industry,
SANG A, CAO J Y, ZHANG L X, et al. Phosphogypsum solid 2022, 54(4):40-45.
waste reutilization technology and application prospects[]J]. [17] Bl , A0, BIbHE 45, — Pl Mo E b K SR i5AE
Modern Chemical Industry, 2025, 45(1):34-41. QLB AN : CN118026562A [ P]. 2024-05-14.

[6] SMITH J, WANG L,LIU H. Preparation of water proof light (18] ZENE W& Mot B[ 75 25, Wi Erebe il s i 1T RUIGK 8
weight  materials by  electrochemical — enhancement — of TZUROL AT Y 5N, 2025, 54 (5):48-55.
phosphogypsum[ J |. Journal of Materials Science, 2023, 58(6): GONG H, LENG W G, ZHAO G J, et al. Process research on
0897-0905. preparation of uper—white type Il anhydrous gypsum by calcined

[7] SAZALI N N, MOHAMED M A, MOHD Y S F,et al phosphogypsum|[ ] |. Industrial Minerals & Processing, 2025, 54
Conversion of waste phosphogypsum into value-added 1D/2D (5):48-55.
homojunction  hydroxyapatite ~ with  enhanced  structural, [19] 2t X058, 758, S5 — PR U8 5 B 41 8 D [l B E 1R iy
morphology, and photoelectrochemical performance [J]. Journal #::CN109704715A[P].2019-05-03.
of Environmental Chemical Engineering,2024,12 (3):112784. [20] #HJEHA, SR, skaem, . gia i A T 2058

[8] JOUDI M, GOUDALI O, ATTOUCH M, et al. Efficient Arsenic [J]. BB S, 2022, 37 (4):4-7,13.

Adsorption by Montmorillonite-Hydroxyapatite-Chitosan  Films HU Z M, GUO G Q, ZHANG H L, et al. Solidification
Synthesized from Phosphogypsum Waste: Kinetics, Isotherms, process of phosphogypsum pollutants[ ] ]. Phosphate & Compound
and Thermodynamics [J]. Chemistry Select, 2025, 10 (26) : Fertilizer, 2022, 37(4):4-7,13.

01242. [21]  EGEHE, T NI, B3, %, — R Bl A1 H iF ik Ak r ik

[9] CHENG Y,LI H B,HE W J, et al. Novel strategy for recovering CN115957891A[P].2023-04-14.
phosphorus  from  sulfate-rich  wastewater combined  with [22] B3k, LT MICP H A B8 41 8 e &6 e AR RERFIT (D ). &
phosphogypsum recycling [J]. Bioresource Technology, 2025, W PRIR:, 2023,

435:132861. MIN J. Study on Properties of Phosphogypsum Cemented Filling

[10] XIAO Y D, JIN H X, WANG M L, et al. Collaborative Body Based on MICP Technology [ D]. Changsha: Central South

Utilization Status of Red Mud and Phosphogypsum: A Review University, 2023.
[J]. Journal of Sustainable Metallurgy,2022,8 (4):1422-1434. (23] Huts. Zm = RO A BRA ) A8 255 R TR 3B
(1] B AL iR A0 P i S B i AR Se il L), 2ok 4k (1], BEARS A, 2019, 34 (7):35-37.
7K, 2020, 56 (7):87-90. XIAO H G. Status analysis on comprehensive utilization of
WEI K. Chemical treatment of leachate from phosphogypsum phosphogypsum in Yunnan Yuntianhua Co., Ltd. []J]. Phosphate
slag field[J]. Water & Wastewater Engineering, 2020, 56(7): & Compound Fertilizer, 2019, 34(7):35-37.
87-90. (24] M=, 0T AL T2, S5 42 AT 15 — 3 0 X 2K AR 2 50 S
[12] FR BB R R P i Al T 2R T ] g ) S ()] A7 6 4 R (07 L3843 ) , 2024, 76 (5) -
LR R4 (A AR ,2023,40(4) :429-433. 198-205.
DONG L. A Study of All Chemical Process Technology in QING S C, WANG X, PAN S W, et al. Strength and solid
Short Process Treatment of Phosphogypsum Storage Yard[]]. waste utilization analysis of water stability layers with dosing
Journal of Anhui University of Technology (Natural Science phosphogypsum-steel slag [J]. Nonferrous Metals (Mining
Edition) , 2023, 40(4):429-433. Section), 2024, 76(5):198-205.

[13] WEN M X, YANG F, LIANG S, et al. Recovery of high  [25] Seuek, B4, FhiE. —RIBEAE R RS HOR [T]. RS L
purity iron phosphate from phosphogypsum leachate via a 5Kl , 2020(2) :98-100.
two-step route of resin pretreatment and Fe’*/H,0, precipitation WU C Q, LYU W, SUN T. A Preparation Technology of
[J]. Separation and Purification Technology, 2025, 371: Phosphogypsum Lightweight Aggregate[J]. China Concrete and
133361. Cement Products, 2020(2):98-100.

[14]  SCHl, BRI, 2 4kt , 4. DTZ 28K 24k S iR b 3 vk [26] SEUbA: BN, D3O, S5 KA Mihaa it P B A i R e
A ARSI ] R E AR, 2011, 27 (16):56-60. T A e X /N2 A A S R B A KR PR AR B R ()], L
XIE W G, TONG X G, LUO J W, et al. Design of Leachate 2024,56 (5):1042-1050.
Concentrate Treatment Project Based on DTZ Evaporation [J]. WU H S, CHEN X Q, MA W Z, et al. Primary Study of
China Water & Wastewater, 2011, 27(16):56-60. Effects of Phosphogypsum on Growth of Winter Wheat and

[15] TRl A 28 SUE Wi A 8 1 UL BRI 255 R FHDE I i Environmental Risk Assessment in Costal Saline-sodic Soil Under
JE[)] 24 HEEE AR, 2024,31(1) :260-270. Different Soil Moistures[J]. Soils,2024,56(5) : 1042-1050.
XU CZ, YU J H, LI Y L. Research progress of pretreatment [27] Ty, FABAAE G BT T A AR SR A D].

and comprehensive utilization of phosphogypsum [J]. Safety
and Environmental Engineering, 2024, 31(1):260-270.

B =gl K, 2022.
(F#% 123 1)



