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Abstract: As a solid waste generated during production of yellow phosphorus, yellow phosphorus flue dust
(YPFD) is a potential resource for recovery of Ga. A two-step process of water washing and acid leaching was used
to recover Ga from YPFD. First, water washing is used to remove KH, PO, and other water-soluble substances in
YPFD,so as to achieve the purpose of enriching Ga. Then, via exploring the effects of sulfuric acid concentration,
ratio of liquid to solid, temperature and time on leaching rate of Ga in acid leaching process of water washed YPFD,
the optimal process parameters for recovering Ga are determined,and the kinetic model of acid leaching process is
deduced. The results show that under the optimal washing conditions,the weight loss rate of the dust is 26. 40 % , the
loss rate of Ga is only 4.65% ,and Ga is enriched about 1.3 times. Under the optimal conditions of sulfuric acid

concentration of 3 mol/L,ratio of liquid to solid of 8 : 1,temperature of 80 ‘C and time of 120 min,the leaching rate
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of gallium can reach 95.28%. The acid leaching process of YPFD after washing is consistent with the shrinking

unreacted nuclear model, which obeys the surface chemical reaction control, and the apparent activation energy is

47.54 kJ/mol.

Key words: yellow phosphorus flue dust;gallium;acid leaching;kinetics;comprehensive utilization of resources
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Fig. 1 XRD pattern of YPFD
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Table 1 Particle sizes analysis of YPFD

Particle sizes/pm <10. 48 10. 48—15. 45 15.45—22.76 22.76—27.63 >27.63
Ratio/ % 68.72 7.46 14. 89 5.97 2.96
x2 EBBLIRMEELFENS
Table 2 The main chemical composition of YPFD /%
Compositions P, Os SiO; K;O CaO ZnO Al Oy Na, O PbO MgO Fe; O Gay O3
Contents 48. 25 15.16 13.75 7.80 3.50 3.35 2.11 1.92 1. 45 0. 82 0. 06
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Fig. 2 SEM image and EDS analysis of YPFD
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Fig. 5 SEM image and EDS analysis of YPFD after washing
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Table 3 The content and leaching rate of each element in the YPFD before and after washing /%
Elements Before leaching After leaching Leaching rate

Na 1. 564 1. 097 48. 374
K 11. 413 9. 246 40. 372
P 21. 057 17.990 37.118
Si 7.084 8. 370 13.035
Ca 5.574 6.943 8.319
Zn 2. 810 3. 367 11. 807
Pb 1. 781 2.350 2. 882
Al 1.773 2.253 6.470
Mg 0.872 0. 816 31.123
Fe 0.572 1. 033 ~0

Ga 0. 044 0. 057 4. 650
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gallium leaching rate in YPFD
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Table 4 Experimental factor level coding table

Levels A(Sulfuric acid concentration)/(mol « L™ 1) B(Temperature)/ C C(L/S) D(Time)/min
1 3 60 6 80
2 4 70 7 100
3 )

80 8 120




92 A6 &R LE %12 %

S i & R | S 94.84%., 94.74% .
£s Fomman A R %
0 N 1N A =) > =
Table 5 Orthogonal experiment results 95. 1100 AT K B M A B A Joe 06 2% PR T B9 B2 i
No. A B C D Ga leaching rate/ % IR 950 L. MIRE G M4 K 1T XRD
1 1 1 1 1 73.80 SEM-EDS 43 # . 45 R an &l 10 FAEl 11 fros , /] WL
2 1 2 2 2 86. 30 N N N N NS N
S S o IR SR ARy CaSO, + 2HL O bk
4 2 1 2 3 83.77 ST HTEE ARV G
5 2 2 3 1 88. 31
6 2 3 1 2 93. 06 !
1—CaS0, - 2H,0
7 3 1 3 2 86. 64 2—CaP0 (OH) + 2H,0
8 3 2 1 3 92. 54
9 3 3 2 1 96. 38 -
K, 85.127 81.403 86.467 86.163 %
K. 88.380 89.050 88.817 88.667 5
K; 91.853 94.907 90.077 90.530 = ;
R 6.726 13.504 3.610 4. 367 1
1
R SR D (| SR M O SRS E S N T3 L 13 11 51
PR BER T ENRETZ S8, Kk . . . . .
N . N . N . N 15 30 45 60 75 90
L 40 °C (B [E] 80 min K F 8 ¢ 1; MRIR W AEA 20/¢)
PFBRBRESE 3 mol/L W& kL 8 @ 1.l 80 C i} B 10 BiREEBELREN XRD i
[[ 120 min, FHXTHEMLSAEHNAT I IES25, 3 RIS TIE Fig. 10 XRD pattern of YPFD after acid leaching
S -
— Spot 1 Elements  wi%
(0] Ca 354
10 0 33.2
S 25.8
UE' Ca G 53
K 0.3
5_
K
2 4 6
ElkeV
8k O — 40+ S -
—— Spot 2 Elements  wt% — Spot 3 Elements  wit%
Ca 48.8 0 (0] 34.8
ok (0] 41.1 Ca 30.2
G 94 S 25.2
0 0.7 . 8.0
a
£, o & J Fe 1.4
Al 0.2
o Na 0.2
G
2 Ca
G
. FeNa A
0 2 4 6 0 2 4 6
E/keV ElkeV

B 11 BREEBEDRKE SEM E G K EDS 47
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Table 6 Fitting results of kinetic model of acid leaching process

Diffusion control

Temperature/ C

Chemical reaction control

R? q/10* R? q/10*
60 0.996 95 1. 338 0.997 02 2.722
70 0.986 01 2.726 0.985 76 5.461
80 0.966 93 3.858 0.964 55 7.878
90 0.973 46 5.419 0.972 04 11. 600
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