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Stabilization of phosphorus in phosphogypsum by biochar

AO Xiang, XU Guan-li, LI Zhen and BAI Han
(College of Earth Sciences, Chengdu University of Technology, Chengdu 610059, China)

Abstract: The phosphorus in phosphogypsum leaches out under the eluviation of rainwater and will pollute the wa-
ters near the storage site. In this study, biochar was used to solidify the phosphorus in phosphogypsum to reduce its
impact on the surrounding waters. The experiment mainly included simulating solidification experiment and leaching
out experiment, analyzed the effects of biochar dosage, reaction time and temperature, initial pH value on solidifi-
cation effect. The products after solidification were analyzed by XRD and SEM-EDS. The results showed that the
biochar had an obvious solidification effect on phosphorus in phosphogypsum, the maximum solidifying capacity per
unit reached 13. 20 mg/g; under the condition of =293 K and initial pH="7, the reaction equilibrium time was
72 h, and the equilibrium phosphorus concentration of the leaching solution C, =1. 40 mg/L; the temperature
increase was helpful to improve the solidifying effect of biochar, when the reaction temperature 7=308 K, the equi-
librium phosphorus concentration of the leaching solution C,=0. 167 mg/L; the alkaline condition was conducive to
the continuous solidification reaction, under the condition of pH=11, the equilibrium phosphorus concentration of
the leaching solution C, =0. 153 mg/L. The CaSO,- 2 H,0 in phosphogypsum was dissolved, Ca’* was combined
with the surface of biochar which is electronegative, chemical adsorbing phosphate radical in the solution, formed

flocculent, clustered hydroxyapatite(HAP), the leaching phosphorus can be effectively controlled.
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Changes of C, leaching from phosphogypsum (a) and after addition of biochar (b) varing with time
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Fig. 2 Effect of temperature on C, in phosphogypsum(a) and after the addition of biochar(h)
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Fig. 3 Effect of initial pH on C, and pH change in phosphogypsum(a) and after the addition of biochar(b)

3 e
3.1 BEHE WAL

W 0 5 AR A ] P AT AR I BRI A R
REKER, Wi o S 2 LI ok R o L8
WA AE 2 S PR S, bl i

A3 h 553 R B0 285 10 Tl R A AL, 559 WO I 2 A e = 2
Pl H,PO, H,PO, Fl HPO, A7, BT EAE
% 1T JOUAE W2 56 P ol PR k4, 2 i S R 3 K R
(R 5 78 HILBIE A 2 W ™ AL AR A 1) 06 2 T s il , 2 B2 D)
WERRTR Wl AXIRSE N F (X445, 2017) o XEBE
FE IR E B A o, H P AE 32 2 U
KA CasF(PO,) . B 32 0E h F HPOT M43



104 =

i W

A
= % Gk

43 4%

4y SO LATA] & ’%E’Jﬁt HEABRR fh S TV 2 5
W4 CaHPO, -2 H,0, iX # 4> B 8 > (45 Bk 5%,
2018) .

FERIL IR 24 h, Bl W B A6 8 A 8 2 1T A B b
IR K A B (] AR AR IR R B R €, R
BN 7E 24 ~72 h (6], B F KR pH {E 2B 52
M T I35 AP, 3 SRR e 1l 3 0 s e, T 92 1S 1 2 1 0
T, B AE 72 bk EIR T

MoK B AR 308 K B, BB C A
T bt 3 AT RS PR A B 1 K AR 2 55 R [+

5 TR e T 8 2 K v R S T 0K
AR T 6 M (R HE T B T 38 H R R (it A

2020) , R ME BRI R, C, A T LT, mZEGE
TR R S R R AR, B R SE, C, AT
TR
FERRMEARAR T B iR €, A T BT
AIRESEE N HCl 553 KA1 Ca F(PO,), KN,
Eﬂ:*ﬁﬁ/ﬁ% RO TR (E4E, 2021) ;

a

Ky pik—KHCO
K—KCl
Ce—CaC0y

Ce ppy
WW::NMJQ

HA 5 FE

Ca,F (PO,),+10 HCl — 3 H,PO,+5 CaCL,+HF T (2)
B T BRI S, FE K AR T LR R AR
(H,PO, . HPO; | PO} ) JE X A7 7E ( Zhang et al.
2019) , SLEGMEFEE PR A PFE Y Ca®™ 5 OH™ X
N S 2 B T BERR S ER DLVE , (i €, BEAR, L 5t
FRUNF Fros (XIHE, 2022) .
5 Ca’+3 HPO; +4 OH —Ca,(PO,),0H+3 H,0  (3)
5 Ca®+3 PO} +OH —Ca,( PO, ),OH (4)
WA Y iR L B KA A i 32 A 1 L) T VA Y
S ASBERIA DL ) 3 iR AR MK AR S 25
RFEVA B AL AR B 0, P RO BRR A
3.2 EMRIBEREL IR
K XRD X A= 4 7 Pk A0 ?ﬂl_ﬁﬂﬁ/%ﬁ
SRR AW AR I T 8 AR A A
ARV ST U 2 F A 2 T ) 55 R T 2 1Y %‘zfvﬁﬁ/
BT ICRETE 1 A 52100 ( Zhang et al. , 2018) , 817
£ KHCO, KCI,CaCO, (&l 4a) , WA FH A Y

YIAH A CaSO, ~ 2 H,0 F1 Si0, (18 4b) ,
b
Gy—CaS0y4.2 H,0
Gy Oz—Si0,

HE Ao JUE

Gy | Gy Gy
Qtz Gy Gy
V- A A

260(°)

5 10 15 20 25 30 35 40

5 10 15 20 25 30 35 40

Bl 4 EWk (a) FIBEAE (b) XRD EE
Fig. 4 XRD pattern of biochar (a) and phosphogypsum (b)
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XRD patterns of reaction residue in biochar-

phosphogypsum and biochar-gypsum
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Fig. 6 SEM images of biochar(a, b) and biochar-phosphogypsum system reaction residue(c, d)



106 HoAOT W o R R 435
300 - = ==
270 Si Ka JL & i % B 1%
i CK 29.58 39.59
5 oK 47.86 48.09
180 SiK 18.26 10.45
150 PK 1.07 0.56
120 - KK 1.38 0.57
®rg Kal KKa CaK 1.85 0.74
60 K Lo Cakly
CaLa CaKpl
Ploka LEo ko —
0 5 . 3 10 3 i 16
IR ] CER 30000 Cnts 0.000 ke VIR S Apollo X-SDD Det
JLF B % ST %
oK 55.57 70.75
SiK 2578 1869
PK 7.23 4.75
Cek 1143 581
T ww ” —_—
6 5 10 12 4 T8
T ] CFF) 30000 Cots 0,000 keVEE R E: Apollo X-5DD Det
B 7 AW (a) A BB A7 SN0 (b) B EDS 43 Hr 4G
Fig. 7 EDS results of biochar (a) and biochar-phosphogypsum system reaction residue (b)
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Fig. 8 Mechanism of phosphorus solidifying by biochar
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