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Emission Characteristics of Fine Particles from Grate Firing Boilers

WANG Shu-xiao' s ZHAO Xiu-juan®, LI Xing-hua', WEI Wei', HAO Ji-ming'

(1. Department of Environmental Science and Engineering, Tsinghua University, Beijing 100084, China; 2. College of City of Construction,
Hebei University of Engineering, Handan 056038, China)

Abstract: Grate firing boilers are the main type of Chinese industrial boilers, which accounts for 85% of the industrial boilers and is one of the
most important emission sources of primary air pollutants in China. In this study, five boilers in three cities were selected and tested to measure
the emission characteristics of PM, 5> and gaseous pollutants were applied by a compact dilution sampling system, which was developed for this
field study. Results showed that particles mass size distributions for the five industrial boilers presented single peak or double peak, former
peaks near 0.14 pm and the later peaks after 1.0 pm; the cyclone dust remover and wet scrubber dust remover had effective removal
efficiencies not only to PM, 5> but also to PM, 45 and under the condition of same control techniques grate firing boiler with high capacity has
less PM, 5 emission than the boiler with low capacity. In the PM, 5 collected from flue gases, SO;~ was the most abundant ion, accounted for
20%-40% of the PM, 5; and C was the most abundant element (7.5%-31.8%), followed by S (8.4%-18.7% ). Carbon balance method
was applied to calculate the emission factors of these pollutants. The emission factors of PM, 5> NO, and SO, were in the range of 0.046-0.486
gokg™' 1.63-2.47 g*kg™', 1.35-9.95 g*kg™' respectively. The results are useful for the emission inventory development of industrial
boilers and the source analysis of PM, 5 in atmospheric environment.

Key words: industrial boiler; fine particles; emission factors

R F 2000 F, FE O T8N 50.4 71 &
> 20 vh B 2 209%, 2 ~ 10 Y8 H Ay
T5% » FeRIEIH < 1 unIVBRIT Bl S B 4 R
BRI G PR AR B 5 Rk T R e 25, v g
SNt e B B AT AR A, 2905 R
57.9% SRR LUJGUIRE D 32, AMEE Tk B 1 2y 48
T i DM B A 25 1) 859% /oA, AF 4 FEIE i
FE AL ZE AT AR R TR AR i S g s o)
X G ST MR CTSP) , B A2 52 A LUE R 2B FIE V2 Bk
B FE, R TSP M ZBRAE N 70% ~ 95%, {H %)
PM, s (1) 2B ZEALA 109% F1 50% . @Ak b, Tk #
FREER I HE B 4000 7 PM, 48 A K05 G2 1
FEORIED, IR T E NSRS T 2 I oER

Bl 7 27 2 AR gl AN [ £ B 0 BRI TR0 ke
PIREPEREAT T WF9E, 1 Pope 25 BIFFT Ny 40 50kE 40
FHEE 241 FIORL ) bERH UK P 6 T N AR i R B AT
Braga S VRIS 78 S X S 2 R R (PIXE) K
MT PM, 5 I JGZE A1 e LK 5 Zhang 2550 K
PSRRI T4 7 B R 4 AR RN
WUREA CPM, ) B TBCIE B AH DG AT A 14T 20 A . [ 9 4
JEEURE 0 AT 9l H 2 52 3 TR, S R AR v
WAL 42 s o0 AR A RDRLAR 6K B oA

Y5 B #A: 2008-04-08; 1&1T H #A: 2008-06-20

EE&TE - [F 5K E AR50 B LRI(973) I H (2005CB422201);
K B AR 7R TR (863) 50 H (2006 AA06A305)

TEHRN: T 1974 ~ O, L, W+, IR, 3 BT 8 KA
75 P 5, E-mail: shxwang @ tsinghua. edu. cn



964 E7

B 30 &

R R OR300 AIE S5 B 5T AT AR 2 1 B R,
AR P AN [A) 500 URE ) HE TR 5 Ay — 52
S T A N8 o A AR S G X
TR b HETBORTRE ) RV REAR 23 Al MR 870 38 1 SR
PEREAT T SEIGAF T TG0 WA r sl B A o 2
AL EPM,, R BURE KL A HETBORE A 2 T 3R 23 A
Rt HEAT THET IR, CATHITIU M RIS BRI
TMPEESH K PM, s HESR 7 A 2 4
AHIFFEN AT A AT BT A BURL )RR R A R 48
BT TC AT T IR I 28 8 R V% I A4 4 1 BE 4k 0
PM, HEIG BEAT T 8L KA D AR, 5 1R R 50K
AN T fift B R VAR OB T PM, 5 I RIS

RIAE I3 A1 B 403 SR AL S D 3 37 3 [ ) b i
FPHETR B 5 KT B AU 20 BT 4 A3 a0 11 B it
e/

1 MR5E7AE

1.1 X R IEF

AHFFERT 3 ANANFHLIX ) 5 G BRI Tl B b 3k
1T TR . Ry 7 ARE SE 30 F80e vk, M3 1), 4%
PRI AE T IR BATIRAE T, B s Ak &%
PRI T HUARUEANAS , HE I A T5 e W) B AR AR X
TRFFREE AR THL LR 1, BORHE Tl 23 4 Koo %
IR AR 2.

F1 KETR
Table 1  Operational parameters during the tests

Fr J i e Y e PEHIBA Hb £
Bad 1 BN, 2 vh LA b5 IINEESY NI
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B 5 BN, 40 t/h 1 PG K [ B0 e A Jeatil
F2 BRIUSHRTEST
Table 2 Proximate and ultimate analysis of coal
i H B g 2 Badr 3 Bk 4 Bagr 5
K5y 3.53 16.30 3.62 10.11 8.97
) " RSy 20.75 22.56 18.56 29.60 28.93
kAT s B, J5t R 53 B0/ % -
I 7€ 5k 34.19 26.53 53.69 53.69 48.60
K5y 41.53 34.61 35.79 6.61 13.53
C 46.08 43.87 56.74 71.41 63.95
. o H 2.98 3.43 3.08 4.50 4.18
TCHE T O, Tt %0/ %
0.73 0.92 1.27 0.94 0.97
AL R /M) kg ™! 18.68 17.47 22.40 29.85 25.98
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Fig. 1 Flow chart of sampling system
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Fig. 2 PM mass distribution in stack gas of the five boilers
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#x3 WMPHOBESS PMHMEERSEE/ %

Table 3 Mass chemical composition of PM, 5 in stack gas/%

ez i gy b1 Hatr 2 k3 Bt 4 Wt s

Cl™ 0.000 + 0.000 2.962+3.153 0.371 +0.659 0.337 £ 0.505 0.000 £ 0.000
NO; 0.365+0.547 0.430+0.573 0.226+0.185 0.505 +0.337 0.000 + 0.000
SO%- 54.060 + 15.785 20.449 +2.293 20.012 +5.991 44.276 + 8.081 35.824 +8.571
NH; 5.611+1.186 4.921 £ 0.908 3.438+1.544 4.882+0.168 3.736 +0.879
K* 11.086 + 5.246 1.147 £ 1.051 2.553+0.885 2.694 +0.673 2.198 +0.879
oC 8.987 +0.821 13.903 +2.676 5.394+0.412 5.387+1.852 13.846 = 3.516
EC 4.836+1.277 17.917 +7.836 3.747£2.121 2.189+0.842 3.077+0.220
Al 0.340 = 0.201 2.314+0.775 2.927 +2.604 0.583 +0.309 0.413£0.162
Ca 0.089 +0.041 1.787 +0.461 0.573 £0.545 0.834+£0.479 0.583+£0.179
Fe 0.205 £ 0.089 1.634+0.258 3.012 + 1.404 1.052+0.195 2.306+0.119
K 10.405 + 1.369 0.770 £ 0.089 3.263+0.352 2.865 +0.297 3.484 +0.547
Mg 0.011 £ 0.007 0.252 +0.057 0.194+0.178 0.155+0.086 0.190 £ 0.034
Na 2.011+1.015 2.588 + 1.066 2.196 +1.182 11.359 +1.665 11.134£2.737
Pb 2.150 +0.069 1.562 +0.346 0.928 +0.131 0.899 +0.044 1.245+0.024
S 18.677 +9.105 8.372+1.288 8.550+1.422 17.098 +2.235 14.613 £ 1.673
Zn 3.344 £ 0.434 4.317+1.107 2.009 +0.264 2.008£0.119 2.468 +0.042
Si 0.217 £0.105 2.099 + 1.368 1.729 £2.029 0.618 +0.090 1.877+0.888
Se 0.000 £ 0.000 0.001 £ 0.000 0.002 +0.001 0.000 £ 0.000 0.000 £ 0.000
Ti 0.013 £ 0.001 0.237+£0.054 0.189£0.185 0.040£0.018 0.026 + 0.005
\ 0.002 £ 0.002 0.020 £ 0.002 0.023 £ 0.009 0.011 £ 0.002 0.024 +0.002
Cr 0.006 + 0.002 0.008 £ 0.001 0.036 +0.002 0.036 + 0.006 0.056 + 0.000
Mn 0.006 +0.001 0.027 + 0.004 0.018 + 0.009 0.033 +0.006 0.060 + 0.008
Co 0.000 + 0.000 0.004 + 0.000 0.005 +0.002 0.019 + 0.002 0.025+0.001
Ni 0.002 +0.001 0.008 + 0.001 0.010+0.003 0.073 + 0.006 0.107 + 0.009
Cu 0.035+0.009 0.127 +0.027 0.095+0.019 0.195+0.016 0.240 + 0.048
Ga 0.074 + 0.046 0.158 + 0.069 0.291 + 0.060 0.185+0.023 0.294+0.015
As 0.028 + 0.006 2.984 +0.426 0.142 +0.040 0.107+0.015 0.226 +0.055
Se 0.039 +0.005 0.002 + 0.000 0.002 + 0.000 0.009 + 0.001 0.014 + 0.001
Sr 0.002 + 0.002 0.036 + 0.007 0.042 +0.034 0.037+0.019 0.032+0.010
Zr 0.001 +0.001 0.027 + 0.004 0.033 +0.038 0.002 +0.001 0.000 + 0.000
Mo 0.003 +0.001 0.037 + 0.006 0.012+0.001 0.017 +0.003 0.028 + 0.004
Ag 0.002 +0.001 0.004 +0.001 0.003 +0.000 0.002 + 0.000 0.003 +0.000
Cd 0.015 +0.002 0.021 +0.002 0.005 +0.001 0.006 + 0.000 0.004 + 0.000
In 0.005 +0.001 0.002 + 0.000 0.002 + 0.000 0.002 + 0.000 0.002 + 0.000
Sn 0.104 +0.027 0.138 +0.037 0.088 +0.007 0.068 + 0.002 0.092 + 0.004
Sbh 0.022 +0.014 0.089 +0.017 0.022+0.015 0.038 +0.001 0.087 +0.025
Ba 0.002 +0.001 0.018 +0.005 0.040 + 0.038 0.058 +0.011 0.129 + 0.024
Hg 0.000 + 0.000 0.001 + 0.000 0.000 + 0.000 0.000 + 0.000 0.000 + 0.000
Tl 0.018 + 0.006 0.017 +0.005 0.012 + 0.004 0.018 +0.001 0.025+0.001

#4 PM, ;¥ TC.OC-EC HIRE Lt
Table 4 Mass proportions of TC, OC,> EC in PM, 5

T H b1 il 2 Wl 3 Bad 4 s
OC/EC 1.858 0.777 1.438 2.437 4.415
TC/PM, 5/ % 13.80 31.79% 9.15 7.56 16.96
OC/PM,.5/% 8.97+0.82 13.90 +2.68 5.39+0.41 5.36+1.85 13.83+£3.52

EC/PM, 5/ % 4.83+1.28 17.80+7.84 3.75+£2.12 2.20+0.84 3.13+0.22
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Table 5 Emission factors of PM; 5 and gaseous pollutants/g*kg ™!
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€O, 2263 1359 1590 2141 2384 2400 ~ 32001
S0, 9.95 5.8 5.65 1.35 2.9 18.071, 15.0~20.0"">
NO, 1.63 1.71 2.13 2.38 2.47 4200, 2.5~10.57™, 1.05~2.61™)
PM, 5 0.219 0.209 0.486 0.059 0.046 0.019 ~ 0.630°*", 0.03201¢/
1) TR s 2> JE M R R i Wik ok
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(p]. I ZL03 119498.2, 2005-02-02.
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