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Abstract: Fluorine is a trace element in the coal and may cause environmental and human healthy problems during coal combustion.
While coalfired power plant is one of man-made sources of fluorine emissions in China fluorine emission behaviors from coalfired power
plants have not been comprehensively investigated until now. A full-scale field study of fluorine emissions was conducted at six pulverized
coalfired boiler ( PC) units of four coalfired power plants in China. Flue gases were sampled from the inlets and outlets of the existing air
pollutant control devices ( APCDs) to investigate their effects on speciation and distribution of fluorine in the flue gas. Concurrent with
flue gas coal bottom ash fly ash and samples from the FGD process ( desulfurization gypsum and waster water) were collected. Over
96. 63% of fluorine contained in coal were released during the combustion process in the examined PC boilers and fluorine compounds in
flue gas were mainly in the form of HF. Wet FGD and dedusting devices were able to remove fluorine compounds in flue gas wet FGD
being more effective. Particulate bound fluorine in flue gas can be removed by dedusting devices. The removal efficiency of dedusting
devices varied from 19. 50% to 36. 59% for fluorine compounds in flue gas. Bag-house filters were effective than electrostatic precipitators
( ESP) . Most of HF in flue gas can be removed by wet FGD devices and the average removal efficiency of wet FGD devices was 94. 19% .
The fluorine released from coal combustion was transferred into slag fly ash desulfurization gypsum and the waste water after passing
through the devices for air pollution control. Fluorine in slag ranged from 0. 83% to 3.37% and approximately about 13. 45% -33. 80%
of fluorine were contained in fly ash. A proportion of 59. 60% -79. 66% of fluorine came into the gypsum while the waste water was kept
1.20% 2. 00% of the total fluorine. Only 2. 04% 5. 00% of fluorine were directly emitted into the atmosphere.
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Table 1 Boiler characteristics of the tested units and proximate analyses of the coals
/MW wl ) w1 w( w( )/
% % ) 1% /( MI/kg) %
1 600 CS-ESP + WFGD 4.70 26. 54 27.00 20. 08 0. 69
2 300 FF + WFGD 5.26 14.05 27. 44 24. 67 0.32
3 300 CS-ESP + WFGD 5.26 14. 05 27. 44 24. 67 0.32
4 300 FF + WFGD 3. 14 18.63 30. 27 19.35 0.79
5 600 CS-ESP + WFGD 3. 14 18. 63 30. 27 19.35 0.79
6 300 SCR + CS-ESP + WFGD 1.15 38.49 13. 86 18.03 3.63
© SCR ; CS-ESP ; FF WFGD -
2 w( F) 118 pg/g.
2.1 F (1998 )
F CHOU '* 7 554
.6 F w( F) 96 pglg. 7
96. 63% ( 2) 7 w( F) 136 pg/g
(94.50%) 47 ~347 pglg . 4
( <200 MW) w( F) 81 ~308 wglg ( 2) 3
F
Swaine ' w( F)
150 pg/g. Bouska " 2 494
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Table 2 Speciation and distribution of F in flue gas
w( F)/ / F HF F,
MW (nele) % ol ol ol
( mg/m®) 1% ( mg/m3) 1% ( mg/m®) 1%
1 537 251 98.12 8.41 28. 66 20.93 71.34 — — ESP
304 4.74 16. 57 23.87 83.43 — —
2 243 279 99. 23 4.43 17.59 20.75 82.41 — — FF
182 3.67 17. 84 16.90 82. 16 — —
3 307 279 99. 17 4.91 16.71 24.48 83.29 — — ESP
4 297 81 97.95 1.14 11.55 8.31 84.19 0.42 4.26 FF
5 550 81 96. 69 1.57 15.61 8.49 84.39 — — ESP
6 298 308 96. 63 10. 32 27.92 25.13 67.99 1.51 4.09 SCR
3 F
N . L) 3 Table 3 Effect of the ESP on the distribution and speciation
of fluorine in flue gas
HF p/( mg/m?)
( 2). 2 60% 80% MW 1%
100% o F o 8.4l 0.04 99.52
) 1 580 HF 20.93 19. 02 9.13
F 29.34 19. 06 35.04
F 4.91 0.12 97.56
2.2 F 3 307 HF 24.48 23.54 3.84
F 29.3 23. 19.
2.2.1 9.39 3.66 9.50
F 1.57 0.15 90. 45
5 550 HF 8.49 7.84 7. 66
95% F 10. 06 7.99 20.58
F 10. 07 0.07 99.30
HF 22.54 21.02 6.74
6 304
F, 1.03 0.24 76.70
2.2.1.1 F 33.64 24.09 32.05
p( F) ( F F.HF F,3 F
3). F 90%  2.2.1.2
; HF ( 4) .
3.84% ~9.13% F
HF F HF 92.98% ;
3 F 19.50% ~35.04% HF 8.99%
F F .2 3
F 2
F HF 9. 68% 3
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Table 4 Effect of the FF on the distribution and speciation

of fluorine in flue gas

p/( mg/m?®)

/MW 1%
F 4.74 0.04 99. 16
2 304 HF 23.87 21.56 9. 68
F 28.61 21. 60 24. 50
F 1. 14 0. 08 92.98
HF 8. 31 7.62 8. 30
4
307 F 0.42 0.17 59.52
F 9.87 7.90 20. 26
2.2.2
90% -
6
HF ( 92% 5).
HF
5 —

Table 5 Effect of the FGD on the distribution and speciation

of fluorine in flue gas

p/( mg/m°)
/MW 1%
F 0. 04 0.02 50. 00
1 537 HF 19.02 1.25 93.43
F 19. 06 1.27 93.34
F 0.04 0.02 50. 00
2 304 HF 21.56 1.02 95.27
F 21. 60 1.04 95. 19
F 0.12 0. 08 33.33
3 307 HF 23.54 1.35 94.27
F 23. 66 1.43 93.96
F 0. 08 0. 04 50. 00
HF 7.62 0.55 92.78
4 307
F, 0.17 — —
F 7.90 0.59 92.50
F 0.15 0.03 80. 00
5 550 HF 7.84 0.51 93.49
F 7.99 0.54 93.24
F 0.07 0.02 71.43
6 304 HF 21.02 0. 64 96. 96
F, 0.24 — —
F 21.33 0. 66 96.91
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Fig. 1 Effect of the SCR on the distribution and 1.21 ( 6)
speciation of fluorine in flue gas F
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Table 6 Mass balance of F in the tested boiler units

p(F) /(mg/m®)  w(F) /( png/e)

w( F) /( pgle)

p(F) /( mg/L) w( F) /( pele)

1 251 1.27 282 172 141. 81 4190 1.01
2 279 1.04 325 150 132.97 51720 0.99
3 279 1.43 326 173 140. 89 6 180 1.09
4 81 0.59 84 102 45.29 590 1.21
5 81 0.54 123 131 47.02 596 0.98
6 308 0. 66 292 264 126. 31 1275 0.95
- { (10 mg/L) GB
F 3838—2002 ( (1.0 mg/L)

A

13.45% ~33.80% F

w( )
w(F) 84 ~
326 pglg 20 ~ 130 pglg " .
Silva * 6 ( nm)
w(F) 294 ~1601 pg/g
F
w(F) 590 ~6 180 nglg
. HF
( CaCO,) F

2223

F
1.20% ~2.00% F

p(F) (45.29 ~141. 81 mg/L) GB 8978—1996

2.04% ~5.00% F ( 2)
Cordoba ~ **% (1.3%)
20 90 ’
F
F . pl( )
(0.54 ~ 1.43 mg/m’ 6) GB
16297—1996 ( ) %
(11 mg/m’) .
F
2011
1.8 x10% t w(F) (136 pglg)
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