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Fig. 1. Experimental equipment for combustion test.
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Fig. 2. Schematic diagram of continuous HF gas generating apparatus.
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Table 1. Elemental concentration of raw coal produced at Tianfu Mines in Chongging.

Element S(%) Cl(ppm) F (ppm)
Concentration 3.12 345 107

Table 2. Analytical results of raw coal and bio-briquette in Chongging,

Tianfu Nangtong Songzao

Raw coal  Raw coal B.B"Y Raw coal B.B.Y

Moisture (%) 1.2 3.1 33 1.2 2.0

Ashes (%) 325 30.2 309 144 17.6

Volatile carbon (%) 16.4 17.0 272 14.6 26.0

Fixed carbon (%) 51.1 49.7 38.6 69.8 54.4

Total quantity of heat (kcal’kg) 5570 5600 4890 7180 6190

Total sulfur (%) 3.01 3.30 2.69 2.50 2.05
Uncombustible sulfur (%) 0.16 0.40 2.39 0.21 1.68
Combustible sulfur (%) 2.85 2.90 0.30 2.29 0.37

¥ Bio-briquettes (B. B.) were produced from 80 wt% of raw bituminous coal and 20 wt% of bagasse by the addition
of sulfur-fixation agent (Ca/S=1.5).
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E(%)={(0.75xS,+0.25xSp)/(1+0sxCxT4/32)~S 5} /{(0.75%S,+0.25xSp)/(1+asxCx T4/32)}x 100 (1)
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Table 3. Emission of the air pollutants from combustion of bio-briquette and raw coal (Dry basis).

Sampling sites Sample Biomass Ca/S SO,-S SO -Sin Combustible  Ashes Walter soluble S
(mg/g) dust (ug/g) S (%) (%) of ashes (%)

Datong, Raw coal 4333 265 2,18 364 0.14
Chongging Bio-bnquctte Woody dust 1.5% 5.11 10 0.26 297 1.13
Briquette plant Raw coal 30.28 133 1.52 358 0.15
in Chongging, Bio-briquette Baggasc 2.0 6.24 17 0.15 . 304 0.71
Chongqing Raw coal 46.47 217 233 25.5 0.20
Bio-bniquette Baggase .00 1.47 7 0.07 22.6 0.47
Jiulongpo, Rauw coal 43.05 139 2.16 386 0.16
Chongging Bio-briquette Baggase 2.0° 2.11 15 0.11 30.3 1.12
Jiulongpo, Refined coal 21.98 24 111 16.0 0.08
Chongging Bio-briquette Baggase 2.0 0.88 3 0.04 12.8 0.78
Shengyang Raw coal 9.12 20 0.46 14.5 0.27
Bio-briguette Rice bam 2.0° 0.93 25 0.05 12.8 0.22

" The sulfur content in raw coal was assumed 3.0%; ™ The sulfur content in raw coal was assumed 3.5%;

<)

The sulfur content in refined coal was assumed 2.0%; ® The sulfur content in raw coal was assumed 1.0%.
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Fig. 3. Sulfur-fixation efficiency calculated based on sulfur emitted
from the combustion raw coal and bio-briquette.
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Tabled. Emission of the pollutants from biomass combustion (Dry basis).

Biomass Woody Rice Rice Wheat Weeds Com  Sorghu  Rice  Bagasse
dust bran straw straw stalk  mstalk  bran?

F(pm) O 2 4 9 16 21 43 5 -
S (%) 0.006  0.009 0.011 0.019 0.024 0.030 0.039 0.003 <0.1

" Rice bran: This sample was collected in Shenyang.
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2CaF, + SiO, — SiF, + 2Ca0 )
SiF, + 2H,0 —> 4HF + SiO, 3)
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Table 5. Concentration of chemical components for fog water, rain water and aerosols
(Unit: fog and rain water, peq/l; aerosol, neq/m?).

Place H(m)”  Time Type n" F Cl  NO,; SOF £ F/SOF F/x

Ccs? ~200 1988 Rain 27 16 29 356 428 008 0.06
cs? ~200 1988 Dew 635 434 139 2719 3927 023 0.16
Ccs? ~200 86’~88’ Fog 881 1787 1069 12597 16334  0.07 0.05
Ccs? ~200  84’~90’ Fog 182 1064 2062 992 12900 17018  0.08 0.06

RLG? 200 1988.3 Rain 42 65 27 52 237 381 027 0.17
RLG? 200 1988.11  Aerosol 32 61 27 52 584 724 0.10 0.08
ILG® 200 1988.11 Aerosol 28 616 111 172 1099 1988 056 031

SG? 400 1988.3 Rain 28 36 14 32 90 172 0.40 0.21
SZG" 100 1988.3 Rain 19 32 19 26 32 109 1.00 0.29
MG? 2141 1988.3 Rain 28 1 33 55 52 151 0.21 0.07
MG? 2141 1988.3  Aerosol 3 11 3 10 88 112 0.13 0.10

¥ H(m): Height above sea level; " n: Sample number; © CS: Chonggqing, Sichuan (P4)!| THHE) ; © RLG: Residential area,
Liuzhou, Guangxi, (ZFEBIM{FEERX) ; 9 ILG: Industrial area, Liuzhou, Guangxi, (ATaMH LX) ; © SG:
Shaoguan, Guangdong (JZH#ARE) ; 9 SZG: Sizishan, Guangdong (/& BUHi-1-1L) ; ® MG: Miaoershan, Guangxi (/ix
mERIL)
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DHRERCINE, TO7 vFA A OBREIX 1,064peql &R Y &L, KRBFLROE
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Table 6 DR LY. PEHLLICBI2ERO7 v REH EIIHFFIED 80ppm
IV MIcEL . BETIC L > T, 1,980ppm, 1,41 1ppm LEBEHTEHWMELHD. T LT,
EERQELSTOEEHRLICBIT2EROY vy REFRIIMOB 7 vy REFEAR
A & 0 1BV 107ppm)ic b b 5T, FROBHABRSED TV D, KKF O
T MHOBEREL R-oTNEHDEEXLND. TORMIL Table 5 IRLIZER
DTHB.

Table 6. Fluoride content of coal in China (ppm).

Area” SC YN GZ A SX WHH WHB Beiing HB China  World
Sampler number 39 68 3 8 4 16 12 28 328
Average 554 204 395 1980 1411 466 274 230 248 80

» SC: Sichuan (P9I} : YN: Yunnan (ZEiH) ;GZ: Guizhou (#JH) ; A,SX: Ankang, Shanxi (FEPFEER) ;
WHN: Western Hunan (#if765) ; WHB: Western Hubei (#1dt75%8) ; Beijing: (JL5() HB: Hebei (#4t)
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Table 7. Emission of the fluoride from bio-briquette combustion and raw coal (Dry basis).

Sample” DICQ BPCQ cQ RAJLPCQ  REJLPCQ SY
Coal BB Coal BB Coal BB Coal BB Coal BB Coal B.B

HF-F (ppm) 91.6 0 84.9 0 514 0 88.6 0 215 0 308 0
F~-F in dust (ppm) 16 0.2 14.6 1.2 93 0.6 52 34 14 12 09 0.7
Water soluble F in ashes (ppm) 242 847 19.8 893 221 545 440 8.0 329 364 604 773

* The name of samples were given in Table 3.
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Fig. 4. Fluoride-fixation efficiency calculated based on fluoride emitted from the combustion of
raw coal and bio-briquette.
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