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Industrial application and research of phosphogypsum leachate recycling treatment
technology

ZHOU Zheng', TANG Jielin®, HU Dongpu', SHI Yimeng', LIANG Sha', DUAN Huabo', YUAN Shushan'’
(1. Hubei Key Laboratory of Multi-Media Pollution Collaborative Control in the Yangtze River Basin, College of Environmental
Science and Engineering, Huazhong University of Science and Technology, Wuhan 430074, China; 2. Yunnan Tian’an Chemial
Co., Lid., Kunming 650300, China; 3. Hubei Three Gorges Laboratory, Yichang 443007, China)

Abstract: Phosphogypsum leachate has the characteristics of high phosphorus, high fluorine, high ammonia
nitrogen, high salt and strong acid, which not only causes pollution to soil and water, but also has great resource
utilization value. The N, P and F elements from phosphogypsum leachate are recycled through three-alkali step
reaction coupled with membrane separation technology, and the industrial application of this innovative technology
is promoted. The results show that using CaO, NaOH and Na,CO; (three alkali) to adjust the pH step by step
can recycle ammonia nitrogen (NH;—=N) , phosphate (PO, ) and fluoride (F") in the leachate, and reduce the
influence of scale ions on the influent end of the membrane. After pretreatment by three-alkali method, the
leachate is further treated by membrane method (ultrafiltration-nanofiltration-reverse osmosis) to achieve the
conductivity of the produced water <300 wS/em, p(TDS) <250 mg/L, the produced water meets the standard of
reuse water. The water quality of each unit, sludge composition, pharmaceutical cost and economic value of the

system are explored through the pilot plant to provide basic data for industrial application.

Key words: phosphogypsum leachate; resource utilization; application practice
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ORESCANIN 5 ' | FHREA K Ab PR A1 8 B U8
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KB A ENELS RS TR, BRI E
W5 YL H . RICARDO %5 ' SR HH Ca(OH), I W
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Table 1 Water quality of phosphogypsum leachate

" HSHR p(TDS)/ p(COD)/ p(BHHE)/ p(Ca™)/  p(CI)/
2 (pS+em™) (mg-L") (mg-L") (mg-L")

p(F) p(Mg) p(Na) p(NH=N)/ p(NOD)/ p(TP) p(Si0)/ p(SO2)/
(mg-L") (mg-L") (mg-L") (mg:L') (mg-L")

(mg-L")  (mg:L") (mg:L") (mg-L") (mg-L")

1.3 42000

34 000 80 0 50 160 3000

515 3500 450 10.2 5000 400 13 000

T TDS TR ML A ; COD F8 1k 75 8 s TP M
F. mEA . mESORRYERRW, FEXT L IERIK
A B Y 1) ] s ELAA AR R A R AL R [
AR H S I F 250 AR 2.
R2 BFIMZE

Table 2 Pharmaceutical species

112 R
A Hidde s (OHMEL0.5~1.0m/h) R
WAL 22 R IR AR AT FRAA R A 114 2 P 2l i 7% D
A DT AR, HEAOAS I 3 IR .
®3 PikEE

LA A3Ft ZIFIAE Table 3 Pilot test equipment
SAALES Ca0 [k, B 43 %2 90% 5 EAS AR 1S B/ /I
AL NaOH TR, 50 0 32% 1 e 2 U IR MC-1, 1 &Pl
TR 4N Na,CO; [, S5 55340 100% A E AR 0.5~ 1.0 m¥h WHZ S
R MeCl i, R A 100% 2 AERRBEEE MC-2, 1 P TR
i 0 IR TR o8k REBCTAES 05~ 10m7h WIS
BEAMm (AL(OH).CD),, [k i 5345 28%
R (C:H;NO), [, S5 15340 100%

ARG B I 51 L 4
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Table 4 Pilot test site water quality testing equipment

Fre TR Hs 1= B Wk
1 2S5 LH-C640 1 #AE p(COD) 2~15000 mg/L, p(Z %) 0~ 160 mg/L, p(EHE) 0~ 100 mg/L,
AR RE X p(S0) 5~250 mg/L, p( —fLAE) 0.05 ~40.00 mg/L
2 LI SR LH-DDS3M 1 LIS HL %0 ~ 200 mS/cm
3 SRR E AL HI775 1 W4 0~ 500 mg/I.
4 BER I E AL H197752 1 an 0~ 150 mg/L.
5 BTt LH-IE310 1 pUeS
6 pH HLIK DJ-pH-P-1/14 1 pHO~ 14
7 5 55 - HL R DJ-Ca-P-0/5 1 0.02 ~ 40 000.00 mg/L
8 S TR DJ-C1-P-0/5 1 1.8 ~ 35 500.0 mg/L
9 P TR DJ-F-P-0/5 1 0.02 ~ 19 000.00 mg/L.
10 GHRARE T DI-NO—P-0/5 1 0.1 ~ 14 000.0 mg/L

1.2 FFERFErhr kit

KB U8 rh & A K& 5 B S YR i s+ (an
PO, F. Ca®. Mg, Si0*%%), 5k iiliys yekk
FE, MR A, TN IR T EE
R RIRALPRA R bRIE,  [RIR SR LB IR
N. P, F&C%,
1.2 Wb Bk

B EBIER PR AP, FELPOSHIIERAE
e, HWREE®R, Frilrialee B A K DTvE Tk 285
TG YA T Ca™ 57K H ) PO S AR il iR £R
DLVE, MMAEI BRI K h#kny H i, DIE g
N, AR =45 . BRI S5 R R KA 5
RZIEST, HdarE R LRI A R E T o
FEAER s (1), X (2). X (3) Fos:

2P0 + 3Ca> — Cas(PO,), | ; (1)
HPO.” + Ca® —— CaHPO, | ; (2)
2H,PO, + Ca* — Ca(H,PO.), | » (3)

1.2.2 Ak 2Bk

Ahige BAL PR B R, BUALY SR,
KBS ER UIIE TS, Rl K R B, B
FHEEE A N CaF, UTIE MR 25 0 E B AL N
= (4) FrR:

2F + Ca* —— CaF, | (4)

FACEGAE 18 CHF T 7K Hr i 2 16.3 mg/L,
FRIES T BRI 0 7.9 me/L., Mk &84k
B BRERESAE VAR S ER I, FR TR B R0 R
FES R B AR 10 U K o A K 534k
BRRAY), S MEE ML EE, JKpH N
7~ 8 BT, KA A GRUTT HEV E IT FEE 10 me/L A2
o A B TTTE Py PRk REETTUE , ATTER K
OB IR B TCHLER TR EER] (n =5 k) sl
S FIREER] (RN, B 3L,

i

AWIRXFETE M 2R B, BEHEERATE B g8 it
£, A TTTE Y v] T o B VA AT [ o) 2
TEATAT pH T, 00 5 1 10 e R Bt 5 ) 1k
RPN %NS
1.2.3 B LB

BURMRARE BE - 2R K RS . R
Mo TALPE I KRR i, A B IE AR SE,
SN RGP i, e R 75
fw, FTLATEE AR R GEAT, X2 IS A BRAE L Y
A Al HD o AR E I I K I AR 2
A, IEESEER TR RITE, SRS BB A B
BRAE R, FEOERE TR ERURIE, R5 2Kk
BT EERUR BONTA IR o 2RI BoR 2y
A REARTE: AR -IR T AR S S A AR A
2, AETSKEERE, AR IEAE] . A il
BRI (FAAACN-TRIREN) TLBREE

x5 HEXUSYHBERIRRE
Table 5 Solubility product and solubility of related

e

o]

b

compounds
TINE| HEEFY (mol"-L™) Vi BE/(mg- L)
CaCO; 2.8x10°" 0.005 3
Ca(OH), 5.5%x10° 0.850 0
MgCO, 3.5x10°" 0.016 0
Mg(OH), 1.8x10™* 0.009 9
T :On=2;@n=3,

XU,V 53 S 32 10 32 2 B S i AL OH R Jfid
B Mg™, A COS R EBR Ca™, FEAL N
= (5), 3L (6) Fis:

Mg + 20H——Mg(OH), | ; (5)
Ca® + CO>——CaC0; | - (6)

1.2.4 =%
TDS 48 F &2 B P A e R R S, A0y
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Hifr, BCRERE, FUTMORHI T RE ST IR i 3
M, MR E LA, HIL, BT LB : e e e T
BISh, S PRI AR, itk L 3  qoom. Mgty ¥
BRI At BEIR AN R G B G/ oo PLiiRg: 75l
WO B, WP 1) BEIGH S B (K g EE
Fhlk F K LG g “ﬂ%ﬁﬂ
N r e
MEF(0.1 ~50.0 pm) | | :
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Fig. 1 Membrane filtration range map EX
13 BER AR LA
KRB W W PO . F L SO& . Ca™ . Mg B2 BRI RAAAR
g HERME D HEBIERALTE T Y = hk Fig.2  Flow of leachate recycling

bk RME BB AT, TERELE 2 SRSHE
2, S B U B SRR T . —5 21 PREEAMOGLR

JC RS CaO . PAC, PAM; 2% S b % Jill CaO 1) B RFESEHBOE
PAC. PAM; = 9% JZ Ji #% il NaOH, Na,CO;, FiAbPE—2% . —Z% . =%, pH[EIFBITHZ
MgCL. PAC, PAM, B ZHRIBMAN AR 6 PR .

(1) —GJ: AR FBRB U b 2 KR * 6 FABRHESHIEE
ST . BRI AE B, DRSS . mAbEESE Table 6 Parameter setting of preprocessing system
DUTEIE 2 2 o 1 e s 5 H BUAERESE AR pH SR

(2) — GG s AR BRI e 4 — IR HIG 1#@1}?&@% Ca0 3.5~40
SRIEERREL . RUR. BERST, LIBRRRAES . BhRRH O 940
BEAFUIIETE A e ol . AT PAM JZ WAl PAM

(3) =G i S AN -TR IR AN L bR SHSONIIG AR Ca0 85~90
UEHCRIOBS BT BRI T, RERRRVSLEIRIA T, s
THAL =K BE A B BEHE K BRI B S U A MgCL 8.5~9.0

(4) REAFERSE: W (UF) . 9438 NaOH [ R # NaOH 1.0~ 115
BEO(NF), RBBE (RO) I i v
BT BT BT, KRR R K PAM J52 i i PAM

PiE pH [l PpH [5l 3 3t H.S0, 6~9
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Table 7 Parameter setting of advanced processing system

22 BRPEAKFEANA
Bs A 14 HES A 19 HA&HIoKFESE s,
WX 5 d £ BITKAE K LB A T 27518, 25
G A& DK AR RN 8 IR .
MESHLUEH, (1) —RiEHK: —9%%

S W ks —— 5% 1 3 BT 2 _
K PRk Mok NPT UE BRI XS BRI K g s %% . TDS., F
g FJ% MC—60 10000 025 020 0 SO, TPEFG YA BAEN, FlE7EZ
NUEME  ZKTIH NE8040-40 7500 150 0.05 148 BB F AR EFR 524,
JBERE I BW30-400 75.00 145 005 140 (2) —RITTEM K — e T
* 8 FTEREITKRETWK
Table 8 Change in water quality of each unit
IKFFE 3%/ p(TDS)/ p(COD)/ p(ETHIE ) p(Ca™)) p(Cl)/ p(F) p(Mg™)/ p(Na )/ p(NH-N)/ p(NO)/ p(TP)/ p(Si0,)/ p(SO.>)/
P4 it (pS+em™) (mg-L") (mg-L") (mg-L") (mg-L") (mg-L") (mg-L") (mg-L") (mg-L™") (mg-L") (mg-L") (mg-L") (mg-L") (mg-L")
BIERIFEK 130 42000 34000 80.0 0 50.0 160.0 3000.00 515.00 3500.0 450.0 10.20  5000.00 400.00 13 000.0
—JUTE 412 20890 18396 63.2 73.6 263.6 170.0 36.15  487.00 2910.8 407.3 0.02 210540 186.24 7203.0
ik
CORUTIE 893 11980 11886 46.6 309.3 410.2 204.2 1.61 278.14 27115 342.8 0.02 6.41 12030  6793.3
K
SHUE 1164 16150 14791 58.0 1676.5 4.0 492.1 1.41 026 73373 275.8 0.02 0.82 17.03  6086.1
K
TLF=K 6.89 16930 16703 39.3 231.7 16.7 477.9 0.83 141 75119 297.2 0.81 0.82 13.62  7819.1
HIEFEK 723 17120 16377 38.1 403.2 22 562.2 1.02 0.82  7543.7 272.1 0.02 0.82 23.05 75435

gk 7.82 187 165 42 49.6 1.3 23.6

0.05 0.03 54.3 8.4 4.61 0.04 0.35 49.8

eIk 8.6 3640 3273 19.8 512.7 0 517.9 1.39 0.15 18402 64.4 11.64 0.22 2846 2054
BEK 131 6.56 3.842  0.084 0.992 0.026 0472  0.001 0.001 1.086 0.168 0.092  0.001 0.007 0.996
BBk 142 4615 412.5 10.5 124.0 3.25 59.0 0.125  0.075 135.15 21.0 11.525 0.1 0.875 1245
WK R 5. TDS, TP, 7B BRI TPIEA  BEAEUTNE, Si0. T A 'S HOES TR RO MURERR S

PN i o

(3) ZRULIEM K . 76 = B PUTE B B
B . NaVWeEEBH S ETF, BB Na.COs 25 5
i,

(4) FHALFRF=K . 7€ pH [RGB, B W
TR, RSO/ MREEA R BT, R AN Na.COs
2y 2 S EUE R RR R R K R pH AL FEH, BR TH
¥ 2, S0 BTt

(5) EBUE7 7K ;R X B Uk S AN
K, EBRBRAKH I AR IR

(6) YNUEF=/K: ANUE%e ERERHE LR S0, M
M A 5% . TDS. NaWkEEF#AIL,

(7) RBFEK: B ERE B R T PR Nar,
fdi it 7K p (TDS) <250 mg/l., HL 5% <300 pS/em
(A3 AR FHAOK AR HEZER ) .

BB ITLEA KT AR B R 9 AR AR an R B
No (1) —ZUTIEM K : FE—F N TTTERT EL
Mg™ . SiO. kA W25 T RE, BE B+ vl BETE Rl Ak

RERREESSFTIIE . A, M B Ca MR B T

(2) ZHULPEM K . FE G UTTE R L,
Mg™. NH:-NREERER, FIRERIE MR e iiie .

(3) =GPl K 78 =R BITRER B,
Ca’*, Mg, SiO, ¥ BB 8 T B, 3 2 B0 7
(NaOH+Na,CO:) REZBR/K o A B K iR AR, fif
IKHR G G535 B S TR BE IR B B K bR, B GR Ah
Wi, FER R 5

(4) A=K . FEpH BIEMY B, RHE R &
FAFEAH R .

(5) HBUE=/K . YR E X B TR E R A
K, FEERBRAKH A AR 5 K B IR

(6) ZHUET=/K: ZHUEH:E HERH i 2Bk NH:-N.,

(7) RBFE=K: RBEREEREI B AR CI &
HoAh 7.
23 TR

SRR AL FE R G b — 2 PAM AR TR . 4%
PAMAEJETE . =% PAM AR IR UEA THURE, SRHIX
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Table 9 Element proportion of sludge %

i H w(P05) w(F) w(Mg) w(Al) w(Ca) w(SO) w(HAD)

— 27.32 12.16 1.18 532 2894 14.36 10.72
PAMEJIEIE

-t/ 39.87 <0.01 3.58 056 34.17 8.62 13.20
PAMEJIEE

=9 0.71 <0.01 20.13 0.98 2637 4.52 47.29
PAMAHIEYE

MEIRLLEH: (1) —HPAM KGR E
P,0s. F. Ca. SO JuHt 7l > 10%, H5—9T
VE HAKOK BAR L — B, AT RETE iR RS . S1L
B ORALEE . MR A ETINE, B TIRAE R
RO R RATTETE A B (2) 9 PAM AR,
P.0s. Ca it 5 >30%, 5 ZZiiieis ik
K FRAAL—%, Mg AT RE DLW AR £ 5 [ AT X AEAE
Figled, HIZNBOGIRIEAANT AL FILE; (3) =
2% PAM SRR L) Ca, Mg AT, HER &Y >
20%, 5 =RPTTEH KK TR L—E, Ca. MgJt
FATRELARIRES . kiRt . A A BE S AT A7
TR, HiZB B RIEARN T Al FILE,
24 RAHAmA

WA B RS AES A 10 H &5 H 29 HizdrE],
Hiz B i 49.9 h, ZitiikiE N 4042 m’, R
T KEER 26.02 m?, 45 24 551 Il 7K E 1 K i 7K 245
FBA AN 10 7 o

® 10 ik BETHEGREE

Table 10 Drug consumption during operation of pilot plant

i SOHAE  WKIERERY BN 2RSS REGHIK
/g kg et Otem™) A/OG-m™)
Ca0O 500.0 12.37 500 6.19 16.79
NaOH 65.5 1.62 3000 4.86
Na,CO; 59.5 1.47 2700 3.97
MgCl, 6.0 0.15 1200 0.18
PAC 22.9 0.57 1300 0.74
PAM 1.4 0.03 12 000 0.40
H.S0. 30.7 0.76 600 0.46

M0 LIEH, SH 10 HES5 29 H Wb
iz, 2iHs1749.9 h, EikiE 4042 o',
S A R 16.79 70/m’

1) WK AR R AT

ME 0P LI, FEFALEEAr 255704,
FE & KN CaO, JHFER M 12.37 kg/m’, (5L
72.9% , FLUR K NaOH, Na,COs, W4 #E = 20 5 N

1.62 | 1.47 kg/m®, HHGH49.6%. 8.7% (WLIEI3).

NaOH
- 9.6%

Na,CO3
— 81%

MgCl,
0.9%
PAC
— 33%
~_PAM
N 02%

H,S0,

4.5%

Ca0 7
72.9%

B3 FRABAGRELER
Fig. 3 Proportion of different medicament consumption
2) WK A
ME 10T LLE W, ERABE TR, R
A KA M Ca0(6.19 J0/m*) , 5 H 36.9%, Hik
J NaOH ., Na,.COs, 5 4 514 29.0% . 23.6%
(WL 4),

NaOH
29.0%\

CaO
36.9%

B4 REZHAMA LK

Fig. 4  Cost ratio of different medicament

2.5 RGZHFMAsHT

AR, TR R G KK ATk )
HL 5% <300 wS/em. p(TDS) <250 mg/L, Moh—
PUTVEL T 15 e P.0s 1 7 LR 28.63%, 2kt
VELE 15 H PO 1 5 R 40.36% o 1S IK I
g R L N a7 1 )3 S DS R, 5 o v (T

(1) BERG KB E R 11, IFE 11 7]
I, UK 300 vh, BEREEK ARG K B
H R 1.9570, REG=/KIENNE R 228.15 J1 JC/a.

(2) kb BR 2 G 4+ 35 U6 CH (i 43 391 WL =6
12, %13, HET Ew(P.05) 27%R980 G 1 i
936000, MFE 12, 130 H1, #HEKiE 300 th,
BRI K — A Ti5 R P E N 5.21 00, RE—
G 246 T35 U M AN (B R 937.6 J1 JT/a, BEMEJF K
P TG IR ANl 4.20 G, RS H4Ti57R
[ ANE N 755.9 JT It a.
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Table 11 Value of water produced by the system
ARG IKIK ) . -
REGEHEK R/ %%&Lﬁ/ (T;)S)/ REG" RGTKOKE EAKRGK fHIET  BAEETT RGTK REE K ml
(t-h™) ) ' K% MME/GE-et) IS E/ (DG e/ mfe/d /(T tea) WHHE/ (T3 oG a™)
(pS-em™) (mg-L™)
300 <300 <250  65.00 3.0 1.95 20 300 117 228.15
*k 12 —RFEMRARETFRNME
Table 12 Value of dry sludge in first stage reaction
. o obtEw Tl KT L RMTS O BNMEK—% FHE  BEE 9k RE5—H
woKE s e —RUET - - . s .
) TKEE  w(HO0) {5IREERE VAT E Al i A sl g TiE TR
(t-h") PR/ Jew(P05)/% ) . .
(grem™) % (kg'm™) (Jtet") e h d (Fea)  M/Chga")
300 25.00 1.11 95.00 14.3 27.32 364.27 5.21 20 300 2.574 937.6
x® 13 —_gRNEETSRNE
Table 13 Value of dry sludge in second stage reaction
y—— ZHtE 5l Keh T kTSI BEKCRY BHET BAETT ZRAeT ZHHUTTER
B OER
b o TKEI (RO FEREELE  FWE WD FEREKG Wk R SRR R
t- o
" gem®) % (kg'm) w(PON%  GEt') 5t h d (Fea') (it
300 15.00 1.02 95.00 7.9 39.87 531.60 4.20 20 300 1.422 755.9
2.6 AHEX (12): 4248.
[2] NISTI M B, SAUEIA C R, MALHEIRO L H, et al

BEHAL AL Jy 300 m¥/h, B FREAE SR
e, 7K S <300 wS/em, p(TDS) <250 mg/L,
7K 65%, T H i HLEIF 9 800 ~ 12 000 m’,
3 it

(1) =020 R0 ) 4 B S0y B R g
RORIEA A BB IR

(2) B €W E K 3 CaO, NaOH Fl Na,COs
(=08) 430 pH I, ARt K H i 2 453
B U] p(Ca®t) <20 mg/L., p(Mg**) <1.5
mg/L. p(F) <5 mg/lL., p(TP) <1 mg/L, p(Si0,) <
20 mg/L, HEFALFE =K I R G K ER

(3) TALHE - /KEI ARG (HEIE+2A I8+ B
%) WS, HKERISF 3% <300 pS/em .
p(TDS) <250 mg/L, fgii it HKER

(4) L 2AFIAEIL SR, AIFE U4 R pk
TA BRA R A BB IR R AL PR AR 24 16.79 J0/m’

(5) AT H, BEMEFEIK RS
K ENSE 1.95 7T, B K — 4 TI5 e I
H5.2170, AFMEUK — 2450 M E 4.20 7T

(&% k]

ROMERO-HERMIDA M
BERMUDEZ S ],

Phosphogypsum—Derived Building Materials [J]. International
Journal of Environmental Research and Public Health, 2020, 17

I , FLORES-ALES V, HURTADO-
of

et al. Environmental Impact

(4]

(5]

(6]

[7]

(8]

(9]

Lixiviation of natural radionuclides and heavy metals in
tropical soils amended with phosphogypsum [J]. Journal of
Environmental Radioactivity,2015,144:120-126.

WU Y J, LI M, FU D, et al. Simulation study for the formation
of alkaline efflorescence on bauxite residue disposal areas
following the phosphogypsum addition [J]. Journal of Cleaner
Production,2020,262:121266.

CORUH S, ERGUN O N. Use of fly ash, phosphogypsum and
red mud as a liner material for the disposal of hazardous zinc
leach residue waste [J]. Journal of Hazardous Materials, 2010,
173(1-3) : 468-473.

PAOLO B, ENRICO C, FRANCESCO F, et al. Phosphogypsum
leachate: Treatment feasibility in a membrane plant[ ] ]. Industrial
& Engineering Chemistry Research, 2006,45(19) : 6504-6511.
ORESCANIN VvV,  MIKELIC L, TOMASIC N,

Characterization and treatment of the phosphoric

et al.
gypsum
transport  water [J]. Journal of Environmental Science and
Health, Part a: Toxic/Hazardous Substances & Environmental
Engineering,2009, 44(7).682-687.

AMMAR R, EL SAMRANI A G, KAZPARD V, et al. Applying
physicochemical approaches to control phosphogypsum heavy
metal releases in aquatic environment [J]. Environmental
Science and Pollution Research,2013,20(12):9014-9025.
RICARDO M B, RAFAEL P L, FRANCISCO M, et al.
Assessment of metals mobility during the alkaline treatment of
highly acid phosphogypsum leachates [J]. Science of the Total
Environment,2019,660:395-405.

AR K.CO-PVDF 3 /2A 8 B A 1] 1 T AL 7K AR B 14 1o
(D .1 1 - RIS, 2023,



