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Emission of gaseous pollutants and water-soluble inorganic ions from civil fuel flue gas. LIU Ya-nan', ZHONG Lian-hong®",
HAN Li-hui'",YAN Jing? (1.Key Laboratory of Beijing on Regional Air Pollution Control, College of Environmental and Energy
Engineering, Beijing University of Technology, Beijing 100124, China; 2.Beijing Municipal Research Institute of Environmental
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Abstract: The typical biomass fuels (made of corn cob, corn stalks, soybean stalks, straw stalks, pine, chestnut branches, peach
branches) and civil coal (bituminous coal, honeycomb coal) were selected in Beijing to carry out simulated combustion
experiments in the laboratory. The whole-process online monitoring of NO,, SO, and CO in flue gas was carried out using
Thermo Fisher 42i chemiluminescence NO-NO,-NO, analyzer, 43i pulsed fluorescence SO, analyzer and 48i CO analyzer. The
particle samples were collected and the water-soluble inorganic ions in the particles of different particle sizes were measured by
ICS 90A and ICS2000ion chromatograph. The results showed that the average emission factors of SO, from three kinds of civil
fuels were civil coal >fuelwood> straw; CO emission factors were straw > civil coal >fuelwood; and NO, emission factors were
fuelwood> Civil coal > straw.The content of SO,> in PM, 5 of firewood combustion is the highest, accounting for 22%~30% of
the total water-soluble ions. K™ takes an absolute advantage in the composition of water-soluble ions in PM, 5 of straw, accounting
for 36%~49% of the total water-soluble ions. Among the three types of civil fuels, straw combustion has the highest emission
factor of water-soluble inorganic ions, followed by fuelwood fuel and civil coal. Nine kinds of water-soluble inorganic ions (Na®,
K*, Mg*, Ca®’, NH,", F, CI', NO5, SO*) were analyzed in this experiment. The emission factors of Na*, K*, NH,", F from
firewood combustion are the largest in the the range of 0~2.5um, while those of Mg>" and Ca®" are the largest in the in the range
of 2.5~10um. Except Ca®, Mg 2%, the emission factors of other ions from straw fuels reached the maximum in the range of
0~2.5um particle size. For bituminous coal, except K, Mg?" and Ca*", the emission factors of other ions reach the maximum in
the particle size range of 0~2.5um. The emission factors of Na*, K*, Cl, NO;, SO, in honeycomb coal reach the maximum in
the range of 0~2.5um particle size.

Key words: civil fuels; gaseous pollutants; water-soluble inorganic ions

W TR = AT P A FE SR R e WREE: 2019-01-15
Pk B e o SWMA: Jr AR SRR v 5 Rl R 25
ZH4% ~ TERLK VAN B 7RIm0 L sk e H il % fﬁ ):EW IUSKIIN Lfﬁ%@ﬁfﬁ%’]ﬁ{f?/\11‘%/)2(‘57»’%? IR 25
N . S P T2 F(201 7YFC0211404); [l 58 i & 112018 YFC0213203)
E/J CO\ Nox\ E"Eq;{}:r"u_ﬁ}: (NMHC);/EEX Ahjjﬁ/f’t% * i_l:,fl,ﬂ;%’ Eﬁﬁi Liﬁl’lhOl’nghOng@l63_com; EIJ éﬂ[}';, hlh@bjut_

JN,SO05+ NO, S5 J AL IR IR A AT 735 eduen



3226 o

W

iR

2
%

39 %

W AR FLHE S R RO ) AL 22 BRI P TELES T
H KA. ARG SN EFE Y
0 U3 33K S 2 1 ) 2 5 ) B 4 5 A T e 2
RAMEES P KA B, 5 K S
b,

TR AN ARV K [ 3 S AR A RS F AR A K
JEE IR AL FH R R |32 A MEC ) 30 20 R
7 H ) ELBAE 8 A T LAE, BT AR o B R PRIk e
M B DR ISR KA Y A PR ARG 3 25 P2 T
bR IR A J R (R B . BBk MR ASOEE A
SO0 R T A oe S 5T T MRS TEH LS e
K7 VOCs BB HL T e R W B L sk, SRR
IRBEHE AT 3T SO, HEA 74351k 1.50,
191, 1.62kg/t; NO, HEE 1737124 0.420, 0.901,
2.20kg/t; CO HERAT43 34 22.4,37.3, 87.3kg/t. A
AT = A RS AT AR KR Y HE G o, 8
I IR IR BB RGN R ST Y R A
HEAT R, 45 R R RS AR AR T 3 BUX O
PMjo. CO RFEE LTF 30% LA, BB A ML
(RroT Rk S i B R U N L KR T3
CRERHTSEAE 5 RIAEDIREFT, 3 R 85 KA
Fpk ke 2 Pkt s 2K, SEl LTS Y RIRTRL
WIHEIBCRAE. 25 R B, g R AR be - 8 F5FT 1K) CO. NO,
1 PMy s TR 7402 28.7,1.2 F1 2.65g/kg. il WL,
R BHIR R S5 7= HE R L BHVRASTT R
FIURLAD) Ao N AR R SR B8 1 T K T 5 .

Sh T ISR (0 49 I A B G A e e
AU 6 FlRE R K 5 FhAEAS, I SE I 3 RIS T
HLCL 5 St i,

TS5 R 0.726 Al 0.246g/ke, FHIA T 43 3 A

0.418 F1 0.301g/kg, ISR N RS SREE T KT
HECR T4 4 50k 0.514 F1 0.11g/kg, TR HE T
DA e EK - BRI £ £, 23 010 24 0.120 i1 0.053g/keg.

PLAE I AIE 5T 22 2 o A2 40 o s I P A0 1) B — 4
BT, ERE 7K 25 IRORE AR 2 AT R I 8 D
ARWFFCIE B SR . BRI . AR BEFF(CE
Kb BOKRFF. EEFF. SO AR I, i
B VE A IRBEE FON G, AR IR MR i R S
75 ) (PR P S AR Ak, 7 ) B AIE AN R R 420 B A
B R T IS i, AR AN 57 IRk
T8 ATRFAE T JUREA) T 28 1R 428 o) B 2 B it ]
SETORLRIRL AR .

1 MR57FE

1.1 g

Thermo Fisher 42i M1b2% %)t NO-NO,~NOx
IYHEAC. 431 B R 9t SO, 0. 48i % CO 4y
FEASC(E B ); 085 . 3012H &Y [ Sl 2R R A
(7 B U35 J7 ) XSURRZ R AUk o RORE A7) KA 25 ICS 90A
1CS2000 &1 (i {3 (56 [F 35 %),

1.2 REsEE

F1 RBEENER
Table 1 Test result of coal property

R e i
RIS R B E AR
WKy (Ad)(%) 28.68 <31.0 6.63 <16.0
5% 73 (Vdaf)(%) 8.64 <10.0 33.76 <10.0
AR7(St,d)(%) 0.32 <0.40 0.13 <0.40
%%Hﬂ‘iﬁ—é%%giﬁ EF‘ leﬁﬁﬂﬁﬁlﬂ (Qgr,d)(MJ*kg") 2252 >21.0 28.37 B
HSHE
-~ . HERE
B S i 4 P
L _ Ll o

T
BSE e \
iZfea]
T

| R

K1 RFERGRER

Fig.1 Schematic of sampling system



8 Il KW 5555 IR T b 5 e BOKIETE LS T (K3 3227

TEAC X RAE 7 Folr > b S0 (1) A= 40 JOORE i,
ARG EKES FORFFS BT, R FAAR. ZEM
B MR FFIEE 2 PRI (s K ) AT
TR I SIS, S FHY PR A OB SRS DN 25 SR WL 1.

] A AR 56 RS SRR e HE T e A I 3=
SR FE AR 3 SRR U ACHIE S 3 T R
SRS e RN AN TR L iodl | R SN S RO S
AR, WREIE. W e . KBURIHE R
28 A I 7 R AR STORE SR 2 el B R A T = A A
PURBESZIG P 1 B Sk B 51 XA F R i
S R B R — RN AR AR A I
TENRIE TR S 1 50 AR I BOHEAT K AE.

1.3 SARYG Y KR IAT b IR SR AR 5 43 T

ARSI R R ELE 7 BlAE R 2 R IR
FHRRERE b 53 590 HEAT B R o S 6 71 M WU SR A B A
FH 5 3012H 74 15 S 4 2B /IR A 00 3
ff A 421 431 481 2T ) NOx
SOy CO HEAT A FEAE 2 W W5 1 775 XU K 400 43 5 43
G RRE 25 TR D% 2 550, 328 BCAH SR W 0 0 A
YIRE i JEAT R A R AR Y [ 43 ) Ok :0~2.5,2.5~10,
10~100um  — /ML 42 B, 8K 5 SR ICS 90A .
1CS2000 2 1~ €4 3% (SO0 UL 4 vh 7K s 1 JE ML 5 1
HEAT 5 #.

SKAE X 08 HEAT A 1E, HL 056 4 SR A BT 1)
FYEEE T Dkt 600°CRIGE 4hAHEE T T
PRSP 240 BRSNS S P A R 45 R,
P OB E T rh B B A R R AT 2 0 HT

B TR 2R ORI e i H s L5
BT T VS0 v S5 R ().

m;
£, =" m

HEF 4 j R RN 1 e/kgsm; by j 2K
G RHFIBCR, g M o R k.

2 FER5WE

2.1 VTG R HEBCR ik

HERSCR 72 RAL A5 B HE R AL 1 B 2
20, S S JEURHE O PR 0 R At e 0 [ A
WORMAbE ™ A= TS B I HEBUR o2 T UK
e S I 5 R VA BN ST G B R
ARAHI AW TUAE S0 5 WARBIURS AT . 8758, IO

R IHIBRRIAE B K 78 0 B re 45 A T AR AR 1)<
BVGRI(SO,. NO,. CO)FIHEA T

F2 3 ERABBRGEH SIS R RHER R F(g/ke)
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combustion of three types of civil fuels (g/kg)
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Table 3 Emission factors of civil coal in literatures (g/kg)
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Fig.2 Comparison of emission factors of gaseous pollutants

emitted by civil fuel combustion
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Fig.3 Percentage of water—soluble inorganic ions in PM, s in different civil fuel combustion
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