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Table 1 Chemical composition and content of phosphogypsum (Mass fraction)” %

Ca0 Fe,0, ALO,  SiO, SO, MgO PO, TiO, CaF, H,0 Other
31.060  0.190 0520 4910 42050  0.131 1350 0017  0.780  4.992  14.000

& CaS0,2H,0
+Si0,

Intensity

-
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 80
AR - Lp ] 20/(°)

B 1 JEUIRBEA B Y SEM B R 2 EARBEAE R XRD 5
Fig. 1 SEM photos of original phosphogypsum!**! Fig. 2  XRD patterns of original phosphogypsum®®!
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ot . SLEET, Jef HaR I E] 200 MPa, S& E 90% phosphogypsum + 10% diatomite
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1.3 HmEIE

K D/MAX2000 B K3 & 775 554 40 B i 18 e e 2 56 5 w4 3 35 XA 09 0 W 4 R, A JSM-
7800F 7 SEM F1145% &k 20 B AW T 50 1K1 4%, K A CorelDRAW [E4% Ab BB &R 4, I & S A0 0 K B/ B AR, 15
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2 GRS

2.1 XRD #1854
& 3 R £t 300 °C . 300 MPa 75 I i & Ab B

+ % CaSO, ® CaSO,2M,0 + SiO,

JE B K R (W XRD 3% . 7E 25.405°, 31.338°, ex ft B ek x Sample E
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W A ML TR ) = TR 0, I 5 24 TR R R L \

Fé Su o o fre wX* x| Sample C

WY E RS CaSO,. MEE i BIY XRD %+ A] 3
PLE i, 20247 77 4E CaSO,-2H,0F1 CaSO, FIHFHE \J e fee sttty ,  SampleB
TS e, YA LA BH 8 B A 5 0, DR B B &2
T AL 3 1Y 32 2 W) 4 CaSO,-2H,0 Fi
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CaSO,. WA FH KR LR im k(300 °C. 300 MPa) 20/°)

ALPRJE, FEf AL BL C. D [ CaSO,2H,0 Rk 14 ¥% B3 R G AR XRD i

A kW AR Ak, Uh B DGR R T B AR A A5 I Fig. 3 XRD patterns of the phosphogypsum composite
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h1 CaSO, FhZ0 k) A Bt 72 2 JUREIR A9 CaSO,-2H,0 Wi, SR 5 [ 21 481k i CaSO,-0.5H,0 ¥ 1k, Filii 2= 4%
Al 7K, TR R A B B A AP FEAR E 42 300 °CL 300 MPa () =5 i 5 AR B, PR T 5 AR Y
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Table3 Mineral composition of phosphogypsum composite system

Mass fraction/%

Sample

CaS0,-2H,0 Si0, CaSO,
A 2.2 6.8 91.0
B 4.6 0 95.4
C 5.4 6.4 88.3
D 1.5 0.8 97.8
E 0 10.3 89.7
2.2 SEM 4 #f

K 4 R T AR B 7R R 48 300 °C. 300 MPa & i 5 AL BES A9 SEM EHR . B0 8 TR (ILIE 1)
FEORZEIEAR AR, RIECOTIE, A — Lo 4 /N OB & e 107, 18] 4(a) OB R 25 300 °C..
300 MPa f fe il i R A HHUS 85 40 8 B —BE L B SOUIE B . AT AL, B AR R AP v IR R R T RE RS 7 B
WA RARKS: W, TESIE, Bieys], B RZ 20007 KAR, fiRREen, Ml THRIRME .

Kl 4(b) . B 4(c). B 4(d) . E 4(e) 535 on T A b i e i s RS2 50 T A 50 F 3 in 5% A A 0K .
10% FEJK . 10% /KU FI 10% fE 3+ 8 A F 2 SR R (AIFE 5 B, C. D, E) 1 CaSO, MR AE KK L.

XFHCE 4(b) 5 E 4(a) 7T LA H, BINAE A K808 20t m i e A B, SR SS E 4(a) M
oL, AR SR E B 2 R 0. P 3R 3 AT, B A T AR TR N 5% A A1 K, Si0, 1 Fr ik B S s/

(d) 90% phosphogypsum+10% portland cement (e) 90% phosphogypsum+10% diatomite
K4 @iheE TR E R A RRE SEM FI&
Fig. 4 SEM images of phosphogypsum composite system under high temperature and high pressure
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High Temperature and High Pressure Experiment and
Modification of Phosphogypsum

ZHOU Dengfeng'?, SHAN Shuangming’, YANG Ruidong'?*, LUO Chaokun'?,
NI Xinran'*, WANG Longbo'”

(1. School of Resources and Environmental Engineering, Guizhou University, Guiyang 550025, Guizhou, China;
2. Key Laboratory of Karst Geological Resources and Environment, Ministry of Education,
Guizhou University, Guiyang 550025, Guizhou, China,
3. Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, Guizhou, China)

Abstract: In this paper, the effects of high temperature and high pressure on single system and composite
system of phosphogypsum were studied. By controlling the experimental conditions of high temperature and
high pressure, the crystal morphology and mineral composition of different phosphogypsum systems at 300 °C
and 300 MPa were studied. The phase and morphology of the synthesized samples were analyzed by X-ray
diffraction (XRD) and scanning electron microscopy (SEM). XRD characterization results show that the
mineral types and contents of different phosphogypsum systems were changed significantly under high
temperature and high pressure. The specific performance is as follows: after high temperature and high
pressure test, the SiO, content of phosphogypsum-quicklime composite system is lower than the detection
limit; after high temperature and high pressure test, the mineral of phosphogypsum-diatomite composite
system is completely transformed from dihydrate gypsum to anhydrous gypsum. SEM characterization results
show that: in single phosphogypsum system, phosphogypsum-quicklime composite system, phosphogypsum-
silica fume composite system and phosphogypsum-cement composite system, phosphogypsum crystals can
spontaneously grow and crystallize in the reactor under high temperature and high pressure, with regular
morphology and uniform dispersion. Most of the crystals are tetragonal, with smooth surface and
agglomeration. The results show that the morphology of calcium sulfate whiskers is regular and uniform, the
average diameter is 2.61 pum, and the average aspect ratio is about 8.

Keywords: phosphogypsum; high temperature and high pressure; admixture; calcium sulfate whisker;

aspect ratio
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