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Abstract: Chlorine ( Cl) is a harmful element and may cause technological ( fouling slagging corrosion) and environmental issues during
coal combustion. A full-scale field study of Cl emissions was conducted at six pulverized coalfired ( PC) boiler units of four coalfired power
plants in China. Flue gas samples were collected from the inlets and outlets of the existing air pollutant control devices ( APCDs) to
investigate their effects on speciation and distribution of Cl in the flue gas. Concurrent with flue gas sampling coal bottom ash fly ash

and samples from the FGD process ( desulfurization gypsum and waste water) were collected to investigate the partitioning of Cl in a full-
scale combustion process equipped with APCDs. Prior to entering APCDs Cl concentrations in flue gases in the measured power plants
ranged from 93435 pg/g. Over 96.99% Cl contained in coal was released to gas phase during combustion in the examined PC boilers and
the total Cl concentration in the flue gas from boilers was in the range of 10. 17-33. 63 mg/m’ mainly in the form of HCl. The wet FGD and
de-dusting devices were able to remove the pollutants of Cl in the flue gas wet FGD being more effective. The wet FGD process removed
over 90% of Cl in the flue gas. Particulate bound Cl can be removed by de-dusting devices and the removal efficiency of de-dusting devices
varied from 12.29% to 19.86% for Cl compounds in the flue gas. The Cl released from coal combustion was transferred into slag fly ash

desulfurization gypsum and waste water after passing through

APCDs. In terms of the final Cl emissions after APCDs Cl in slag
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concentration in the flue gas from stacks was in the range of 0. 34.38 mg/m’. The results indicated some possible environmental pollution

of water and soil with Cl in the areas surrounding the coalfired thermoelectric power plants in China.

Key words: coalHired power plant; Cl emission; air pollutant control devices
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Table 1 Boiler characteristics of the tested units and proximate analyses of the coals
IMW w( )/ )1l )/ w( )/
% % % /( MJ/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 + CSSP + WFGD 1. 15 38.49 13. 86 18.03 3.63
. SCR ; CS-ESP ; FF 7 WFGD -
1.2 US EPA M26A
cl 2 cl CL.
HCl  Cly( ) M26A ' .
HCl®  cL” . N . (6
2 N 2) ) -
Cl. US EPA( ( Apex 572) .
) M26A ' M26 7 2 Cl
( 2) M26A ;3 0.1 mol/L
Cl; M26 H,S0, HCl 2
Cl. 2 0. 1 mol/L NaOH
HCl  Cl, CL,. M26A ¢
cl ICS - 2000
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Table 2 Standard determination methods of hydrogen halide and halogen emissions from stationary sources
. 25 mL 0. 05 mol/L 2 50 mL 0.5 L/min
HJ/T 27—1999 HCI NaOH 5 ~30 min
2 25 mL 0.2 L/min 60
HJ/T 30—1999 L min
HJ 547—2009 30 ~40 mL 0. 1 mol/L 2 0.5 ~1.0 L/min
( ) Cl, NaOH 10 ~30 min
HJ 548—2009 . 30 ~50 mL 0.1 mol/L 1 0.5 L/min
() Hal NaOH 10 ~30 min
250 mL 0. 1 mol/L 5 Greenberg—
M26A H,S0O, 200 mL 0.1 Smith 2.5 m’/h
mol/L NaOH
250 mL 0. 1 mol/L 5 Greenberg-
M26 H,S0, 200 mLO.1  Smith 2.5 m’/h
mol/L. NaOH
. 1.3
c¢( KOH) 25 mmol/L 1. 0 mL/min. w( Cl)
pels ;
p( Cl) 10 ~ 150 mg/L
N N ~ mg/L
3 Cl
cl . Cl
N Cl (Y Cl Cl
1 kg - ) (1) :
Cl ( Kyp) (2) :
18 3~5 . F o iCou —Fu.Co
Y — coal  coal slag ™ slag ™ 100% ( 1)
p( Cl) . Fm)al coal
KMB — Fgas ° Cgas + Fash ° Cush + Fslag ° Cslag + F;;)‘psllm ° ngpsum + FFCDwater ° CFGDwaler ( 2)
F('ual ° C('ual
: Fcna] t/d’ Ccoa] w( Cl) “‘g/g'
F.. t/d; C, w( Cl) pgle; CI.HClI  ClL( 3).
Fslag t/d; Cslag w( Cl) P“g/g; Cl Cl
Fg}psum t/d; ngpsum 21920 . 6 Cl
w( Cl)  pg/gr Fropyae t/d; Cropyuier 96. 99% 99. 60% ( 3).
p(Cl) mg/L; F m’/d;
C.. p(Cl) mg/m’. p( Cl) w( Cl) .
2 2 w( Cl)
2.1 210 ~ 274 nglg;
(1998 ) 4 906
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Table 3 Speciation and distribution of Cl in flue gas at boiler outlet
Cl
/ w( 1) / / a HCl cl,
MW (pele) %o
p/( mg/m?) g P/(mem’) o P(me/m) -
1 537 178 £53 98.11 2.46 £1.07 11.31 19.16 £3.17 88. 09 0.13 £0. 11 0. 60 ESp
2 304 93 £27 99. 60 0.76 £0. 54 7.47 9.41 £5. 14 92.53 — — FF
3 307 93 £27 99. 65 0.68 £0. 31 6. 69 9.48 £3.69 93.31 — — ESP
4 297 126 +61 96. 99 1.26 £0. 56 8.15 13.85 £6.52 89.59 0.35 +£0.27 2.26 FF
5 550 126 +61 98. 15 1.48 £0.93 8.42 15.74 £5.31 89.53 0.36 £0. 05 2.05 ESp
6 298 315 £105 98.37 3.87+1.25 11.51 26.70 £10.47  79.39 3.06 +1. 18 9.10 SCR
w( Cl) 35 ~9 300 pg/g 628 pglg. Hg Hg Hg
w( Cl) 93 ~315 pglg
( 3) p( Cl) 10. 17 ~33.63 mg/m’. ol )
CHENG & Hg
p( Cl) (154 mg/m’) w(Cl) 940 2.2 Cl
pne/g. 6 Cl
HCI 6
Cl Cl, 219 22 Cl 4
45 2324 HCl cl Cl
4 Cl
Table 4 Effect of the dedusting and FGD devices on the distribution and speciation of chlorine in flue gas
o p( Cl) /( mg/m®) p( Cl) /( mg/m®) 1% p( Cl) /( mg/m®) 1% 1%
Cl 2.46 £1.07 0.08 £0. 02 96.75 <0.05 37.50
1 HCl1 19.16 £3.17 18.74 £3.65 2.19 1.03 £0.63 94. 50 95.03
Cl 21.75 18. 82 13. 47 1.08 94.26
Cl 0.76 £0. 54 0.03 +0. 02 96. 05 <0.02 33.33
2 HCI 9.41 £5.14 8.52+2.63 9.46 0.41 £0.07 95.19 95.77
Cl 10. 17 8.55 15.93 0.43 94.97
Cl 0.68 =0.31 0.05 £0. 04 92.65 <0.03 40. 00
3 HCl 9.48 £3.69 8.87 +4.72 6.53 0.62 £0.43 93.01 93. 60
Cl 10. 16 8.92 12.29 0. 65 92.71
Cl 1.26 £0. 56 0.08 £0. 03 93. 65 <0.02 75. 00
4 HCl 13.85 £6.52 12.29 £5.89 11.26 0.39 £0.21 96. 83 97.34
Cl 15. 46 12.39 19. 86 0.41 96. 69
Cl 1.48 £0.93 0.09 £0. 04 93.92 <0.02 77.78
5 HCI 15.47 £5.31 14.46 £5.04 6.53 0.32 +0.09 97.79 98. 04
Cl 17.31 14. 86 14. 15 0.34 97.71
Cl 3.75+2.03 0.09 +0. 02 97. 60 <0.03 66. 67
6 HCI 25.24 £10. 13 24.38 £8.67 3.41 1.05 +0. 46 95. 69 95. 86
Cl 33.30 27.39 17.75 1.38 94.96
Cl Cl. HClI (I,
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Fig. 1 Effect of the SCR on the distribution and
speciation of chlorine in flue gas
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1 ) SCR Fig. 2 Mass distribution of Cl in flue gases solid waste
o( HCl) o( CL) and FGD process water at the tested power boiler units
Hg( Hg') SCR FGD Cl
Hg( Hg’ ") HCl  SCR 68.88% ~77.31% Cl
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SCR Cl .
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0.34 ~ 1.38 mg/m’ ( 5) GB CHENG
16297—1996 ¢ % .
(75 mg/m’) . cl 2.21% ~ cl
5.54% Cordoba ™ Cl
5 Cl
Table 5 mass balance of Cl at the tested boiler units
w( Cly / p(Cl)/ w( Cl) / w( Cly / p(Cl)/ w( Cl) /
( pele) ( mg/m®) (pgle) (nels) (mg/L) ( pele)
1 178 +53 1.08 96 +51 108 =34 3214 +547 375 127 0.90
2 93 27 0.43 57 £32 26 £12 1978 +329 254 +83 1.04
3 93 27 0.65 51£17 24 19 2001 £153 295 67 1.08
4 126 +61 0. 41 62 +13 193 £27 2730 618 103 +23 1.03
5 126 =61 0. 34 73 £29 206 =13 2 654 £163 124 +17 0.99
6 315 £105 1.38 104 +23 153 +46 8 300 374 410 =51 1.14
3 J . Energy & Fuels 2005 19(3) : 842-854.
2) cl 6 J.
_ 2013 33(7) : 1033-1041.
96. 99% ; Cl HCI 5 015
80% M. : 2012.
b) - 8
Cl - J. 2003 31( 1) :27-30.
. cl ?
12.29% ~19. 86% B J. 2001 26(6) : 667-670.
10 D .
Cl 95.22% . 2001
c) Cl 11 LI Jing ZHUANG Xinguo QUEROL X et al. Environmental
N N geochemistry of the feed coals and their combustion by-products
w( C]) w( Cl) from two coalfired power plants in Xinjiang Province Northwest
0.35% ~3.01%: w( ) China J . Fuel 2012 95:446-456.
w(Cl)  6.46% ~15.00%:; 68.88% ~77.31% 2 S 27:1999 | o
9.19% ~15.95% Cl 3 T 3010 '
; 2.21% ~5.54% Cl s 1999.
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