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Abstract: Phosphogypsum is a by-product produced in the wet-process of producing phosphoric acid,
the largest industrial solid wastes in the phosphorus chemical industry and a potential hazard to the natural
environment and economic development. Due to impurities such as the soluble phosphorus, soluble fluorine,
organic matter, and quartz contained in phosphogypsum, it is difficult to directly utilize it on a large scale,
it is necessary to select appropriate methods to decolorize and purify phosphogypsum. In order to reduce the
storage risk of phosphogypsum tailings pond in the Yangtze River basin, especially in Hubei province,
aiming at phosphogypsum generated by a large phosphorus chemical enterprise in Yichang, Hubei province
was decolorized and purified by flotation method. Whitening and purification of phosphogypsum is carried
out by using a mixture of surfactants. After certain combination of different types of surfactants, the
mixture property of the compounded reagent is often better than that of the original single component
reagent. The synergistic effect of the compounded reagent during the test is more conducive to the
decolorization of phosphogypsum. Then the further flotation impurity removal and quality improvement

process of phosphogypsum was studied with dodecylamine as the collector, and the focus would be on
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increasing the cleaning times to obtain phosphogypsum concentrate that meets the expected indicators more
efficiently. Finally, the reagent system and flotation processing flowsheet for the decolorization and
purification of phosphogypsum were determined. By using a single reverse flotation decolorization process, a
flotation concentrate with a yield of 90.88% and a concentrate whiteness of 53.80% can be
obtained. Through the flotation process of “one-reverse, one-direct and three-cleanings” for decolorization
and quality improvement. The flotation target of 80.59% vyield, 60.8% whiteness, and 99.32% grade is
obtained. The processed phosphogypsum has reached the target required by the enterprise, providing a cost-

effective channel for the utilization of phosphogypsum.
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Table 1 Results of decolorization collectors

screening tests /%
25 Fh 2 e B
bRl 97.33 38. 80
Ui 98. 91 38. 40
Se 98. 80 38. 90
Hih 15 5 97.58 37. 80
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Table 2 Results of decolorizing collector

dosage tests

SeHAE/ (gt D) RSN SEG
0 97.96 37.60

83 98. 06 38.20

166 98. 08 38.40

250 98.13 39. 20

500 98. 33 38. 80

750 98. 80 38.90

1 000 98. 83 38.80
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Table 3 Results of surfactant screening tests/ %}
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Table 5 Results of surfactant mixture ratio tests

/%
SECLLOICRARLH « 2T G M =R (R NE]) S
15+ 85 87.84 51. 60
20 : 80 90. 64 51. 50
25: 75 89. 04 51.70
30: 70 90. 12 51. 40
35: 75 91.58 51. 20
40 = 60 92. 27 51.00
45+ 55 92.43 50. 90
60+ 40 94. 56 50. 20
70 : 30 94. 89 50. 10
7525 95. 06 50. 40
80 : 20 97. 46 49.10
85: 15 98. 49 49. 20

TG P 70 A 2 K% Lt S]E S
BT A 86. 09 50. 70
BT B 91. 97 45. 80
BT C 79.05 49.70
BAFD 99. 14 44. 50
BTG 92. 11 50. 10
BT A 79. 81 49. 40
%+ B 98. 02 44. 30
e+ A 72.62 42. 60

T b S R B 81. 80 43. 20

T b R R R A 97. 31 42. 30
PEG800 92.19 47. 50
PEG1000 92.00 47. 10

MIBC 96. 36 46. 40
A B 98. 23 49. 10

28— ST PR A X R R RO B
MA RS T ARA T Coma T GARE T A,
PEG-800.PEG-1000 FIFA Bl . 45 & 25 7] A F 77
PEAE bR I8 1 2 1 A9 LU B4 5 6 24500, i — IR
B TS AT R A R i 2 R L3R 4.

F4 REEMAERAAKBER

Table 4 Results of surfactant combination tests

M5 AT LA AR BRI A 1 G Z Y E
BN 5] B A0 78 € 45 o 22 S0 AR T 8, 25 A% I ik
A EE A e i B 250 LA L MR B s L A
Jo AR P A2 Ty N H B 7 1) 2 1 R 5 52 0 B 8%
WM EE &S SF G HBAEN S BT
Fr T G AA R EIE IR . 20— LRK
2HORL AT W) 8 A AR B B A I AR A
e FAWE I 5 e T GOl E Y B i £ A
15+ 85~35: 75,

2.1, 2.2 R PR A A R

T 1 o R A 24 590 P R R R T R A AR Y 2
WRZ—. fE L 5 A 2 AR f il 75 35
PRSI S BC AL A v B0 o e O IR 25 500 X 8 4 R R W
AT R T B [ E A B R 75 g/t
SR AE T 31 G AT 15 . LR L i) i 24
T R A5 R IR 6.

F6 FEEMFARAEBREER

Table 6 Results of surfactant dosage tests

/% EATF G R/ R
[ ERik AT :
p— - - , . . W r=%/% Ky HAE/%
HWHE NS LS (get™H AT G
FABEIN R 22 T A 92.13 50. 30 150 33 67 93. 37 49. 50
ANERY BT/ b 4
Fa el g C 8. 54 46.20 225 25 75 92. 28 49. 70
PABEI+ BT G 93.11 50. 40 b s - .
300 0+ 80 0. 50. 50
PAREIN AR B T A 86. 94 48. 30 7
BRI+ PEG 1000 94. 19 47.50 375 16 = 84 88.47 52. 60
FABEW + PEG 800 94. 08 47. 00 450 14+ 86 88. 23 51. 80
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Table 7 Results of composite ratio of sizing

agent and polymer G tests /%
SR HHIO25 : HaT G RS LR E] 3
5:95 89. 63 50. 80
10 : 90 89.16 52.70
15: 85 90. 39 53. 20
20+ 80 90. 62 53. 60
25+ 75 90. 26 52. 40
30+ 70 90. 77 51. 90
35+ 75 90. 12 51. 60
40t 60 89. 64 51. 10
45155 89. 76 51. 00
40+ 60 90. 30 51. 20
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Fig. 2 Flowsheet of O-25 adding position tests
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Table 8 Results of O-25 adding position tests

/%
0-25 B & LR 3 iR UEY:
@ 90. 88 53.80
@ 89. 00 53.10
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Table 9 Comparison test results of aged dry

phosphogypsum raw ore and fresh wet

phosphogypsum raw ore /%
JEA RS K 7= 2% kv HE
FRAL T 8 IR 89. 39 45. 90
ST G D R D 89. 87 53.50
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Table 10 Results of pH tests on dodecylamine direct flotation impurity removal

pH PR AR/ (kg 0D R FEE U e Ak %
iR 82.76
2.7 H,SO, 6 Rl 12. 47 55. 10
B2 4.77
iR 81.22
3.5 H,S0, 4 B 1 12. 84 55. 60
o2 5.93
Ko 80. 34
4.7 H,S0, 2 B 1 12.55 54. 60
B2 7.10
K- 78. 42
1 H,SO, 1 B 1 12.71 54. 80
BT 2 8. 87
iR 76.59 54. 60
. s A ot R 1 12. 68
B2 10. 73
BT 2 13.59
o 73.22 55. 00
7.5 NaOH 0.1 R 1 12.74
T2 13.95
VN 59. 61 55. 70
8.6 NaOH 1 R 1 12.50
BT 2 27. 89
N 35.92 54. 20
9.3 NaOH 4 B 1 12. 89
T2 51.19
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Fig. 3 Flowsheet of pH tests on dodecylamine direct L+ 100
flotation impurity removal i 3
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Table 11 Results of adding pH regulator tests

during decolorization
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Table 12 Results of dodecylamine dosage tests

of direct flotation

H. SO i1t/ N o
Pt (kg + t™1) W /% HEE/ %
3.6 4 89.93 53.90
3.8 3 89. 90 53.70
4.5 2 90. 23 53. 80
4.9 1 89.98 53. 80
5.7 0 89.93 53.70

H1& 11 Al £E I €0 S 3 8 2o A rP o A R 9
T pH MR R A L RA . LR
BB IR 2R L e £ A B R B B BN
B .

AR i o e 2 AR FE B R O 4 kg/t 1Y
PR AT AR - e i A g A R
120 LA IEAON - I Y 25 7 A FIRS A
JESE R 0 E T OR -+ ey & 3E Y 150 g/t

TR/ (g D PERAR PR/ % R E B/ %

iR 62. 74 54. 80
50 BH 1 13. 14

Ry 2 24.12

Lt 79.43 55. 70
100 BH 1 13.71

R 2 6. 86

0N 83. 57 57. 20
150 BH 1 12. 84

BH 2 3.59

L L 83.55 57. 00
200 By 1 13.62

B2 3.03
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Table 13 Results of multiple cleanings process tests /%
kT2 7 i 44 B je A Ko™ H
Ko 80. 06 58. 60
. 1 0.77
—R-E—Kk B 1 16. 43
B2 2.74
Lt 80. 28 59. 80
1 0.72
— R —IE Wk ik 2 0. 60
B 1 15. 44
B2 2.96
K 77.35 60. 80
F 1 0.78
, o 2 0. 82
— R —1E =k 3 L 60
B 1 16. 28
B2 3.16
Ko 53.93 63. 60
HE 1 0. 84
2 1. 08
— S —1E DY YRS HE 3 2.06
iy 4 23.21
B 1 15.52
B2 3.37
iR 13. 24 66. 60
Fi 1 0.78
2 0. 86
" F 3 2.25
— R —IE IR A i W 4 93, 80
FE 5 39. 60
B 1 16. 06
B2 3.39
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Fig. 5 Flowsheet of the locked-cycle tests
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Table 14 Results of the locked-cycle tests /%
WAL 7l £ FR R Ko AR AL
W 80. 49 61.50
1 B 1 15. 80
B 2 3.70
i 81. 86 60. 00
2 B 1 14. 28
B2 3. 85
K 80. 48 60. 20
3 B 1 15.41
By 2 1.11
it 80.75 60. 30 99. 25
4 By 1 15. 05 63. 48
B 2 4.21 31.18
Lt 80. 59 60. 80 99. 32
5 B 1 15. 21 63.37
B 2 4. 20 31.67

Ny ] :
15kV, %2000 f10 pm« 10 26 SEL

s ., N
15kV' %500 50 pm 10 26 SE

ISkV 1026 SEI

o S
%500 50 pm

B 6 (a)BiEFRY SEM E; (b)BiEFHET SEM E
Fig. 6 (a)SEM image of phosphogypsum raw ore;

(b)SEM image of phosphogypsum concentrate
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