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Efficient recovery of phosphorus from phosphogypsum leachate

based on struvite precipitation
MA Jingfeng, WU Xiang, FANG Haoyuan, MEI Ke, JIANG Shan, ZHU Shujing "

( College of Resources and Environment, Hubei University, Wuhan 430062, China)
Abstract; Phosphogypsum leachate is a liquid produced during phosphogypsum stacking. It has the
characteristics of high phosphorus content, low pH, high corrosivity, and high concentrations of heavy
metals. If it seeps into the ground over time, it will seriously pollute the groundwater and surface water
and pose a significant threat to the surrounding basin environment and human health. In this study, a
struvite precipitation method was proposed to recover phosphorus sources from phosphogypsum and its
leachate to prepare valuable percolate—based struvite crystal (PSL—-S). The core idea is to improve the
recovery rate of valuable components by converting the raw mineral phase of phosphorus in the
leachate , which enables the production of struvite using industrial solid waste instead of pure reagents,
thereby solving two issues: the high price of struvite prepared by pure reagents and the substantial
waste of valuable components in phosphogypsum leachate. The study involved three variables: Mg/P
molar ratio, N/P molar ratio, and pH. Two indicators, namely, the phosphorus recovery rate in
leachate and the purity of struvite from PSL—S, were selected. Through a combination of single—factor
influence experiments and optimization orthogonal experiments, combined with phase analysis, the opti-
mal conditions for the preparation of PSL—S were obtained, specifically, when the N/P molar ratio was

51, the Mg/P molar ratio was 1.6 : 1, and the pH value was 9.5, with a phosphate recovery rate of

W5 B #9:2024-08-10 & 5] B #:2024-08-23 DOI; 10.20078/.eep.20240810

HEETH . BT AL SRyrm b g .5 %% F F4084(2023(C)002) ;31468 A XA A 4@ L F 85 B (2023AFB641)

EEZ R : B35 (2000—) , B, b EFA LR A, £ BT 0 A Z B F % B A GMAA A BT B E T RAA A, E-mail,
1366468817@(q.com

BHEE A B F(1981—), B, MHHF S A3, TR T @A BREHFTRAH A, E-mail: 3493536712@qq.com



87.73% and a PSL—S preparation purity of 78.24%. The successful preparation of PSL—S enables the

efficient resource utilization of phosphogypsum leachate, greatly reduces the production cost of struvite,

and provides technical support for the resource utilization of phosphorus chemical waste.

Keywords: Struvite precipitation method; Phosphogypsum leachate; Struvite; Optimized orthogonal

experiment; Resource utilization of solid waste
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prepared with different N/P molar ratios
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Table 2 Calculation of PSL-S purity after precipitation
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Table 3 Calculation of PSL-S purity after precipitation
at different Mg/P molar ratios
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1.4:1 4.17 2.57 4.02 71.66
1.6:1 3.91 2.51 3.94 72.30
1.8:1 3.66 2.63 4.67 72.27
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Table 5 Orthogonal test factors and level design
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Table 6 Orthogonal test scheme and results

Y-SR/ Y2 B POY

FEN s A-N/P BEJRHL B-Mg/P EE/RIL C-pH el
%o WL/ %
@) 1 1 1 1 48.56 80.60
©) 1 2 2 2 72.29 84.83
©) 1 3 3 3 70.09 79.14
@ 2 1 2 3 69.53 86.45
® 2 2 3 1 77.30 84.32
® 2 3 1 2 61.88 80.66
@ 3 1 3 2 69.05 81.24
3 2 1 3 61.97 79.84
©) 3 3 2 1 73.84 81.95
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*8 FRAERIZIRE POT MBI EMMENTLER
Table 8 Range analysis results of various factors on

phosphate absorption efficiency of leachate

HEF oA pH>Mg/P EEJR LU >N/P BEIR L, S i 2514 A B C %55
1 A2B2C3, BUEW PO, WK ks (£ K, 244.57 248.29 241.10 246.87
8) , s [ ZHEF R pH>N/P BE/R L >Mg/P /R K, 25143 248.99 253.23 246.73
Ho, w0 A2B2C2 K, 243.03 241.75 244.70 245.43
x7 BEEMPSL-S MEBERAERESHER ky 81.52 82.76 80.37 82.29
Table 7 Range analysis results of various factors k, 83.81 83.00 84.41 82.24
on struvite purity of PSL-S ks 81.01 80.58 81.57 81.81
A B C Z5) R 2.80 2.41 4.04 0.48
K, 190.94 187.14 172.41 199.70 I T . .
K, 208.71 211.56 215.66 203.22 y:;2£=1yi’T= 2;:1%’0: Zi:lyiz,
2
Ky 204.86  205.81 216.44 201.59 P i< Y ) = I (2)
k, 63.65 62.38 57.47 66.57 n = n
ks 69.57 70.52 71.89 67.74 S8y =Y, j:l(y; -y)’ =
ks 68.29 68.60 72.15 67.20 3y lyz ~ %< Y llyi)z _0-p (3)
R 5.92 8.14 14.68 1.17

FI7 22 MBS 945 P ZK) PSL-S 1Y 5 3647
AUEE B IR PO IR AE I Y SE PR O, 11
AN (2) H3(3) P

o T AR FIREE B, Q A HSE ML PN
HY ),y R4 B Z IR MO, n s
ARy, T BRI, r M4 ZE 4P
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RI(EANEL, SS, A B 225 i,

SS ARG s 22 5, A MERBLA R R
X4 SR AR | SS A I BB s e i 4%
HERE 225 F(SS,) , iy X amat (4) (3
TR SS, .SSy SSe)

r r .
SSn :;zi:](ki _y)z =

DM SRS M ST

B A TT 22T AE R (3R 9) W, pH R
S iR BA R (p<0.01) ,N/P BEIR
o Mg/P B IR LE X 55 2 A 4l B 5 2 (p <
0.05) . BUEW PO WAL R Ty 22 A& 5 (3R
10) ATLAFE Y, N/P BEJR L pH  Mg/P BEJR LE X &
TR POY WSR3 45 HAT 1 25 52 (p <0.05)
S5 3 NRERN A4 AR B IR PO IR
AR VR R, A B A AR A2B2C2 I,
FOAE BRI PO MR B R, 1Y N/P
FEE/REE R S5 0 1,Mg/P BE/RLE R 1.6 © 1,pH 24 9.5
W, A AR BUER PO IR IR,

*9 BEEREINPSL-SHWEERHAEHFENNER
Table 9 ANOVA results of factors on purity
of struvite from PSL-S

R CER AMmE BIr F{E pfE BEN

A 58.26 2 29.13  28.16 0.034 =

B 108.66 2 5433 5252 0.019 =

C 42331 2 211.66 204.62 0.005 * =

T2 e 2.07 2 1.03 — — —
F0.05(2,2)= 19 F0.01(2,2)= 99

T o TR EAWEE (p<0.01) N, « FREA B (p<
0.05) F i,
F10 FEERMNSIER PO, RIHENAFESTER
Table 10 ANOVA results of factors on phosphate

absorption efficiency of leachate

kIR FOrM HEE ¥ FE pfd BEM
A 13.33 2 6.67 31.72  0.03 #
B 10.63 2 532 2530  0.04 #
C 25.87 2 12.94 61.55 0.02 *
R e 0.42 2 0.21 — — —

F0.05(2,2)= 19

TEN/P BEJRIEA 5 1, Mg/P BEJRHE R 1.6 ¢ 1,

pH 4 9.5 B4 T k4T 3 COPAT 9250 (3R 11) , 1%

| PSL-S B384 4l Ky 78.24% B UETH PO, W

RN 87.73% , 33X 45 FE 2 1 F1E 28 S b H:

flZH 5], 26 B3 3 19 (34) 1E A2 iR 46 07 1k 355 1Y
8

F0.01(2,2)=99

PSL-S el il £ 41 (A2B2C2) e A FI,
F® 11 PSL-S MBEAUESEIRK POT
R A 3 2R P BEHIE I 35 iR I 45 3R
Table 11 Orthogonal test results for verification of
the purity of struvite from PSL—S and phosphate

absorption efficiency of leachate

Sy o B BIEW PO
BRI/ % W/ %

1 77.85 87.52

A2B2C2 2 78.24 88.32

3 78.63 87.34

¥{E 78.24 87.73

FrifEiR 22 0.39 0.52

AARTRR IR 22/ % 0.50 0.60

AN AR AT A TE 5 PSL-S Ayt A
WA BB IR P KR T RS (DL PO B
) MMM E A Mg™ 4552 T MgNH, PO, -
6H,0 JITE,MgNH, PO, - 6H,0( & 247) fE &l T
Sy oy fik, R, OV AR R P sk 4y POY A Mg™ 78
T B I A RS S ) Mg, (PO, , R D Y
Mg(OH), (&l 9) , 3X 5 T PO By [ s %>
MgNH, PO, « 6H,0 H1 i) Mg™ 1] LI Ca® B4, [F]
i PO HES L 2 e A AR Ak, e 2 A8 IR S I
AR FRIRZER ) R R T G N R Z E
P ONH B AS 53 R R bk R ad )
TN (K (5~7) ) FoR

Mg* +NH}+PO" ——MgNH,PO,  (5)

3Mg>* +2P0; ——Mg,( PO,), (6)
Mg +20H ——Mg( OH) , (7)
3 & P

AR T AT 2 A DOvE IR
WA B S OB B 2% = (7 i PSL=S Y B I
PR, = R R T Wl B B DR P Y
W, IEF AR A A 5 T A MR, A
W15 H LA R 4518

(1)N/P BE/R Fead AR 2 580 PO, [RISCR] FHAL
FEAR,PSL-S & B R 2 55 N/P EER
REW] WA KB IR PO M ISR

(2) Mg/ P JEE R L AE AN W T 5 0 3 A R B 8
Wi PO [l Y ) T 4522 71, 78 Mg/P BE/R L
KT 1.8 1 J5 MR KB 1%, 7F Mg/P IR
Fb A 1.6 ¢ 1 B PSL=S A Fe - i 4 it

(3) pH X}F POy By IS & %A 5 HE K%



pH MIFFEETH R SRS R POY ISR s pH> 10
ZJi PSL-S & 4l B P T R, 7F pH=9.0 5%
pH=9.5 A E K HAE,

(4) IEsCIR I 45 R W, % S804 PSL-S &
B W B POY R 5 M 1Y 32 Wk T Sk pH > N/P
JEIR b>Mg/P FEER I, il £ PSL-S B fES %
9 N/P BE/RIC S < 1, Mg/P FE/RIL N 1.6 - 1,pH
4 9.5, LB PSL-S M S A A0 78.24% , B8
W PO RIS N 87.73% , ZeitWIAH A3,
PSL-S B F LW h 53 (MgNH, PO, - 6H,0),
i Mg, (PO,) , 5 Mg(OH),,
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