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Abstract: With the rapid development of the phosphorus chemical field, phosphogypsum, as a one of typical solid
by-product, presents a series of characteristics such as large production capacity and large storage base with a low
resource utilization rate. The treatment and disposal of the phosphogypsum have become a major challenge for
phosphorus chemical enterprises to achieve sustainable development and protect public health and the environment.
At present, there are few studies on the migration and transformation of harmful heavy metals in the phosphogyp-
sum stacking process, and the variable forms of harmful components in phosphogypsum have seriously restricted its

subsequent resource utilization. Based on the domestic and foreign researches on the hazardous substances in phos-
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phogypsum, this review has analyzed and discussed the migration and transformation behavior of heavy metals in

the water body, soil, crust, plant body, liquid-solid phase during phosphogypsum stacking period. At the same time,

the ecological harmful effects and pathways of phosphogypsum on various environmental stages were analyzed in

detail, which has provided theoretical support for the study of the pollution characteristics of heavy metals pollution

in phosphogypsum and proposed possible ways to harmless and resourceful utilization.

Keywords: phosphogypsum; heavy metals; migration and transformation; ecological effect
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1 ®AS YL ST ( Physical and chemical charac-
teristics of phosphogypsum )
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IKAEREMEAR, R, SRR A Tl e A
FEH AR T S A TR RS AL SR EE L B-
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Table 1 Comparison of a-hemihydrate gypsum and B-hemihydrate gypsum

2k = BT NEFH

Species Advantages Disadvantages Application
R AR K R AR WAL e TR
e » KiwesE %
b L

. SR,
a-PKAE High mechanical strength, low water con- The preparation mechanism is not

a-hemihydrate gypsum

sumption for standard consistency, and good

) . Precision casting, me-
clear and the production process is . .
dical ceramics, and

biocompatibility not mature ther field
other fields
SR KSR e bR j
B N T
-2V WIS 2 3 4 .
e NG

B-FKEH
B-hemihydrate gypsum

BELSIN [] 28 /K AL B PR

Short setting time and fast hydration speed

Poor crystallinity, incomplete crys-
Gypsum board, gyp-
tal structure, large water demand .
sum partition board,
for standard consistency, and low
. ) and gypsum block
mechanical properties
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Table 2 Comparison of preparation methods of hemihydrate gypsum

Tk J 3 (s B 5
Methods Principle Advantages Disadvantages
W Bt 43 B — K A R D A 2 AT B K T A
SN g FHEAT AR, 24 7 AR SR A 68 R ]
I3 F 1R e s L7 AR RO B |, Ca® Rl SO
o BT o B AR AR BB P8T i SE AR AR T I, I RERE AL
RIRSAE 15 B BR IR TS Ah 2 ZRIRRAR ™ i Bt =
IRKHATE A certain mass fraction of dihydrate gypsum suspension is The crystallization process is HRERE A
Hydrothermal heated in a closed hydrothermal reactor; when the gypsum controllable, the energy con- High energy consumption
method accumulates enough to overcome the molecular gravity sumption is lower than that of and high cost
between the unit cells, dislocation defects will occur in the the autoclave method, and the
crystal lattice; Ca>* and SOf( will be displaced and grow product quality is high
in dislocation along the c-axis to achieve a new equilibri-
um and stable crystal form, and calcium sulfate whiskers
will be obtained
I S Y A R R T pHL, A 2 ) 45
FBHEM o- 2K BRERES ShAT 45 i B, w] ) 2% 2
ot FIEAEY -2 7K BRERES S AT, HORL /N SR 2
R B

Atmospheric salt

solution method

By adjusting the electrolyte concentration and pH of the
solution and adding whisker control agent, the crystalliza-
tion process of calcium sulfate hemihydrate whisker can
produce a variety of morphologies, and a- calcium sulfate

hemihydrate whisker with the particle size of a micron

A AR AN

Low cost and mild conditions

FRRAK
Low productivity

E RS
Autoclaved method

TE—EMZE TR, 28 e 2K B FR 5 8 — B
V], of LA 78 BT A AR K R R 55 T A0

Under a certain autoclave pressure, autoclave the calcium
sulfate dihydrate slurry for a period of time to transform it

into fibrous calcium sulfate hemihydrate whiskers

T2, Pk RRH T T
WA=

A simple production process,
and large output, can be used

in industrial production

REFER, HIEURL A HIA 7S
93, SRS By A

Large energy consump-
tion, insufficient utiliza-
tion of raw materials, and
difficult regulation of re-

action products

2 BAEDESESTREESRIBHELMNE(Dis-
tribution, migration and transformation of heavy
metals in phosphogypsum )
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Na*, Mg*, Fe**, AI**, K" and other metal ions affect its growth mechanism
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o T has three forms:
time, increase the growth A KA
. . I I, 1 and IIT,
rate and increase the grain o % Hydration
] 110~180 °C %y & I} i and the most
e e *\% & 110 38'8 °C icommon is
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Fe¥*—shortens the grain size 300 © !
i © flterabiliv. pressure 110~300 °C
an a's good filterability; 110~180 °C B—CaSO405HZO
Na*—improve phosphorus L
. calcination
yield, etc
E1 BAEHEXESRANBESENZN
Fig. 1 Influence of related forms and internal heavy metals on phosphogypsum
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effects caused by heavy metals in phosphogypsum )
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AVE 15 Cu Pb Hil Zn 3 B 42 @ 1) & AT T
L, R Zn BN IE R T 21% ~ 28% ;
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FETE AR I BE b, 32 B 28 A B T S5 A T 52 )
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MREC &2 B 75, Hrh Zn As 1 U YR JE K
10 ~30 mg-L™",Cr . Cu 1 Cd (¥ E K 1 ~10 mg-
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Zielonka 5F " BFFE T HH 1] KRR X 8 41 8 v B 4
JE RSV SRR B B 5, T 4%
T 4R AR ] R IE A 0 KRR AR 4 4 N
G @ TGN BRI Z Ah B AT RE S BH AT P
BUSFRPT ) KRR I 4R 1 e B Fe, R
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b RBRAA LR B S5/ DN, WO ) JC R ARG AE AEAE )
P, F/AMEESS T # AT TP E SRR 5
T RS IR Y, R IAE A P AR K
Y Pb . Zn 1 Cu FE 4 & EilBhr, Hh Zn 1
FHETIA 1400 ~3 000 mg-kg™' . Jalali ZVBFSE T
WA T e e 2 R T R B 54 Ak B HOXT 1 494
PRUFIEF A=A P 00 5 M), &5 S 30 358 40 RN AR 3 11
& JE R TR MR B AR W A 28T =, ZE R A ME
EaEGEEE, R, 7EE S8 E s 5 4
VR T 23540 32 A AR B ASO0E () 5 ) K T 32 4 s it
JUE B, 4 JE S o0 2R R AR ) 0 AR AR 1D
FERemn T AR TR 454

IR SRR, WA T R ) As  Cd
1 Pb %5 84 JE oG KT VAR SO TS e ik A
R ER S e RGBSR Rl

®3 BABFPEETRRHENERNSERHTERERERNILE

Table 3

Comparison of toxicity tests of leaching contaminant elements in phosphogypsum

and national environmental quality standards

R S (A - GB 5085—2007
T (5 1 )L. (mg ) BE?F'HE/(mg-L'I)
Leaching average

GB 8978—1996 PR #i{#

GB/T 14848—2017 BRI /(mg-L™")

/(mg-L™") GB/T 14848—2017 limit value/(mg-L™")

Elements GB 5085—2007 GB 8978—1996
concentration/(mg-L™") 1| v \Y
limit value/(mg-L™") limit value/(mg-L™")
Hg 0.004546 0.1 0.05 <0.001 <0.002 >0.002
Cd 0.027375 1 0.1 <0.005 <0.01 >0.01
As 0.029075 5 05 <0.01 <0.05 >0.05
Pb 0.6457142 5 1.0 <0.01 <0.1 >0.1
Cr 0.064286 15 1.5 <0.05 <0.1 >0.1
Ni 0.1925 5 1.0 <0.02 <0.1 >0.1
Cu 0.071 100 05~20 <10 <15 >1.5
Zn 1.026388 100 20~50 <10 <50 >50
Ba 1.0315 100 <0.70 <40 >4.0
Be 0.009125 0.02 0.005 <0.002 <0.06 >0.06
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b A IRERT B A e A i, BB TS
J&ITCRAEAN R ) LA K ] — 8 40 ) AS [R5 e 5 4
FEFEARA BT AN  (H R e # ik A i v, Xt s
WA e WA 5 7 A — 2 1) s T 5000
3.3 WA ThE SR IR A SR

WA 8 v o 4 T 3 R K PR S T A ) £
R P IR T AR R B IR B RS A K
e IR AR IR B R fEE T U/ IME
LSV gE K B, BB X Zn  Cd AN Cr 258 4 8 1)
wEAERDEWE A0 4 4% ~ 8 4%, W8 41 Y Pb Ni
S A BB PR >50% BRI
FRARE | 1SR R 7K 55 R 3R A 23 5 M V5 e ) 7 1 53R
B iR ik, FoTEESES: 3 FEA R
it FH A BT, 2 PR 21398 b i e £ A A ek
SEARLN AN )R B 1) AN, 34 PR 45 | S8 #8 1: TR: |
PHES T et sC b4l & el s g o, L4
) As.Cd,Cr Hg Fl Pb & & #5 A0 N A3 mn, T3
SECIE R UAERE A B HE I S 00 0 A T R M b 43 )
Cd W& BRI T A b 39 XURS: i 16 1 ) 6 5 22
4. Lieberman %5™ s % Bt 1 8 W3 b AT B 1E
fEFEPEM As Cr FINi S H 4 @R L B 5A &
Yo Bl I 1) AR S T FE IR b K &
Vasconez-Maza ™V BB A B E 4B 7E HIEL
R R, RSB YRS AW T, &8
As TEFTA B4 8 15 F i ; Ben Chabchoubi 451
98 K BB A B S i ) e 42 8 Cd Cr #R
1T E AR ZH S T SUR RO 340 A v PR
HME ; Z AR T5 Y A 3R R i 1T AR fa Bl
AR, K HA A 3 7 A I RS v i & 1 45 Tl .

ST Y SR R Sl Sy v 0 e we= 57N
B iRy ORI NN -/ wt S PNV 34
A SRABE R SEA E ke Rl B RGP R AR L E
VR, U B A B T 4 B e R i
1% 20t - HE T i B A — R B A AR

4 Zit 5RE (Conclusions and prospects)

Bifi 5 At 2 2R 0% 1) R R, KA IO o st B ) R Y R
AW AR B A B X B T Al S B A T L A AT 4y
SLRJREEN T E RMPRAL, T E B AH SCBUR X #E 1
Tk & R ESR AL H 25 42 15, 05 X PR 5E B8 IR Y
PRAP SR P B R A v 2R R R R AT 4 I
ZE I I A B 2R A R R AR AR
PPORIAE S SO AR Y R 2 il Ul A B Ml
K 1) — ZR 5[] {1 O gk, A% T - M Bl El R &8 3

(W) 1K2 SN =001 b Y- B 100 0 ]
BRI R P G Jm s R A & R SR o A
AL AL AL A RO IS8 U D Ao g 250
R R i AL e ) feam B B AT s BECPERY Zn  Pb 2
5B TU R R U S iR e e A5 R S s s A
114 <6 s 00 Jor 1 ARG A, el DR HCAE AR SR PR A
ARG R — R A A R LAk WS A B
AR R AR AR IR IR S Y
WAL KT R e i At , BB O B EERITR |
TBCHEAE ) SR P 5 A e 9 55 T e 0 i ) 2 A 5
AU, BB B T AR BB oA o B M Bk A
AT, SCRE S A M TS 0 i A S R 5
(75 GO
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