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Abstract Phosphoric acid used for the production of phosphate fertilizers is synthesized by the reaction of
phosphate rock and sulfuric acid. As the reaction is exothermic, yield of phosphoric acid is poor at elevated
temperature. Therefore, enhancement in its yield requires the process temperature be maintained by releasing
the vapor (80°C) containing HF and SiF4 through a vacuum cooler. However, these valuable resources; F
and Si, which can be utilized for the manufacture of refrigerant and polysilicon, respectively, are being
wasted in the treatment process. We performed lab-scale experiments to estimate the amount of recoverable
H2SiF6, a by-product of phosphoric acid manufacturing process. The experimental results showed a decrease
of fluorine concentration by 0.12wt% in the liquid phase. Preliminary estimation showed a possible recovery
of 5,509 ton/yr of fluorine considering the scale of the fertilizer manufacturing plant. Furthermore, field-scale
experiment showed that H2SiF6 could be enriched in liquid phase from 0.35wt% to 7.33wt% and the vapor
flow-rate from vacuum cooler was estimated at 51,000 m*/hr. Anew, the efficiency of fluorine recovery in
the pilot-scale experiment was found to be 76.74% and the production of H2SiF6 was estimated at 5,340
ton/yr.

Key Words : Fluorine, Phosphoric acid, Fluorosilicic acid, Vacuum cooler, Multiple volute scrubber
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[Fig. 1] Flow diagram of phosphoric acid manufacturing process.
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[Fig. 2] Experimental apparatus to estimate the amounts of H,SiFe.
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[Table 1] Concentrations of slurry and recovered amounts of F and Si into the distilled water
2% AR &e AT &g 25(0) ]
= =] 1 =N
S T . R S R . R
1 1017.1 1.5567 0.1118 979.11 1.4672 0.0943 95 85 450
2 840.49 1.5459 0.1112 802.57 1.3998 0.0888 95 85 450
3 981.88 1.3692 0.0868 942.19 1.2406 0.0651 95 85 450
Bt 946.49 1.4906 0.1033 907.96 1.3692 0.0827 95 85 450
. % 587 27 58] 33 58]
R U v R v I =~ o S L e
(€3] (wt%) (wt%) (€3] (wt%) (wt%) (8) (wt%) (Wt%)
1 23.89 2.8411 0.3181 0.08 0.3062 0.0537 - - -
2 21.07 2.6874 0.2503 2.81 0.3799 0.0024 0.09 N/D N/D
3 24.76 3.1754 0.3589 5.82 0.3837 0.0011 0.07 N/D N/D
Bt 23.24 2.9013 0.3091 2.90 0.3566 0.0191 0.08 N/D N/D
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[Table 2] Application of experimental result at D-corporation based on operation time (300 day/year)
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[Fig. 31 Blueprint of multiple volute scrubber used in field experiment.
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[Table 3] Vapor duct scale’s components of phosphoric
acid manufacturing process

ED B
HO wt% 36.45
P05 wt% 0.22
F(o] A=) wt% 15.87
HaSiFs(¢h wt% 20.05
HF(ZAwH) wt% 0.94
H,SiFs(Z78 %)) wt% 17.75
Si ppm 11,037
SO, ppm N/D
Ca ppm 1,054
Al ppm 17
Fe ppm 68
Mg ppm 185
Na ppm 255
K ppm 92
As ppm N/D
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[Fig. 4] Change of concentration of fluorosilicic acid
according to increase of inhaled vapor volume.
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[Table 4] Calculated result of field test on the basis of Lab. test
Rkt Lab, Al3]
~ _ . N Tlol B m|tk 7|
@® (Wt%) (m®) (g/m’) (ton/yr) (m’/hr)
1 116 035 0.05 19.37 49,513.42
2 255 4.94 1.52 19.80 6,906 48,434.43
3 270 733 2.70 1757 54,579.59
Bt 18.92 50,842.48
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[Table 5] The condition of absorbent for vapor
according to sorption time

A7k Er ox

&) (ppm) (0) PH
0 11 20 7.0
30 5006 - 1.8
60 7545 58 1.1
90 8078 58 1.1

[® 6] thtelRa] AaeHE o83 a4 A4 2wt
[Table 6] The result of field test by multiple volute
scrubber
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