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Fig. 1 Tube furnace experiment system diagram
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Table 1  Ultimate and proximate analysis of coal and biomass

JCE %, ar

T /% , ar

s
[C] [H] [0] [N] [S] A v FC M
SR 59.68 3.42 7.48 0.77 1.13 24.25 22.71 49.77 3.27
T 65.93 3.05 0.53 1.11 0.28 20.40 10.90 60.00 8.70
FOKFT 41.60 5.41 37.16 0.85 0.11 7.51 64.65 20.48 7.36
AR 46.50 6.51 37.82 0.14 0.52 0.51 72.00 19.49 8.00
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Fig. 2 SO, emission under different combustion temperature
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Fig. 3 NO emission under different combustion temperatures
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Fig. 9  NO emission under different blending ratios

4SO,

0

10
BEEB1/%
K10 AREEBEELAR S0, NO H k%

Fig. 10 SO,, NO conversion under different blending ratios

24 AEBEREFHE M

A i 3 ) Ry 0 RS RS R R R AT L R
K AT SRR E KA IR A, AR R BIR
L Sk 20% , & AR B 0, B MR BE R 30% , 7F
800 CHITEIE T SO, A1 NO HHE L Bt st 18] Y 28 Ak A
B LA e SO, #1 NO 1 5% 4k Z 43 5l an & 11~ K] 13
FER o



34 R HA

SUR MRS Y TR e 5 YRR 833

MEL 1T AT BRSNS SO, HET il £k
ZERNBER B R A Y IR ¥ LA B BE AT SO, HETL
LRI EIRAR . JAMEIB B8 FORFT Y SO, HE ith 2 e ff
HEB Be bl AR IS A (R , FUBEAB B8 FOKAT I SO, HE
G HA £ 08 (ELT /N T A AREAB B TORFF RIS I J%TIT

REE PO HORE B B 5 B 19 22 5, AR B 05

FE BTN o, B AR BB 0 5 i b RO AT g, i
S RO 73 FE AN R R B A7 AR S AN [A)  A 2
FHT T4 AR T K AT A 4 ) o AN D R e
Jo 7 A B IR T A AN ] S 3

—— AN
4001 —— BE20% E K FT
— ﬁﬂ%ﬂo%ff AR
o AN
< 300+ o RED0%E ARG
% 200
o
5]
100}

0 50 100 150 200 250 300 350 400
A [ /s

BT ARFEHBERPIFT SO. AR £

Fig. 11 SO, emission under different species of blending
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Fig. 12 NO emission under different species of blending
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Table 2 Element balance analysis of S under different conditions
T TR m%ﬁ.ﬁﬁﬁmﬁm %TZIKEI%E@ S
T % /% J iR 3 K %o AU1%
700 291 66.27 28.90 95.17
Whips 800 2.37 53.92 42.70 96.62
i JEEC 900 2.03 46.36 50.70 97.06
1000 1.86 4251 55.30 97.81
B 20 2.09 47.61 50.30 97.91
z;% 30 2.05 46.69 50.70 97.39
40 1.94 44.18 53.50 97.68
TRFT 0 1.85 40.21 57.50 97.71
Bt 10 1.99 44.12 53.70 97.82
/% 20 2.41 55.03 42.50 97.53
AR 1.83 39.74 57.50 97.24
HRIE+20% T K FF 2.21 54.51 42.50 97.01
£k JHIE+209458 K 2.45 51.36 46.50 97.86
Yrfh
Tt 0.17 12.07 87.20 99.27
FIE+20% T KFT 0.53 38.27 59.50 97.77
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A g R gt E AR PR B R
Yy 5T 5 G W HETBCRE P A T SIS I, 4 1T 43 BT TR
B YR R R LU SGR A H S Y A
FH , TRV A7 36 UE 5 4 00 AT S 6 I R oT R
SEEA TN A5 A B EEASIST

1) B R T 85 ) P v R A0SR B ) 42 55, SO,
FNO BT it Ze e (5 % AR 243

2) bt BB HL I B 3E T, SO, A NO HE il il 2k
(B R A 3080 )N 5

3) SRR A Py T B Fh 2% SO, FiT NO BRI
AR,

[ 2% 30k ]

Petroleum B. BP statistical review of world energy [R].

BP Distribution Service, 2015.

(2] B#EZ, %P %, 1 R RKRO5EERSeEE R
T2 S ERI L], s, 2015, 41(4): 9—15.
[2] Lyu Lianhong, Luo Hong, Wang Xiao. Research on air

(3]

(4]

(5]

(5]

(6]

[J]. China Coal,, 2015, 41(4): 9—I5.

T, WA, BRTER, AE 300 MW HABEHLZAL A
FEFF BRI T 5 [T ). s AL TR A4
2010, 30(14): 1—6.

Wang Xuebin, Tan Houzhang, Chen Ergiang, et al.
Experimental research on co-firing of molding-straw in
300 MW coal-firing utility furnace [J]. Proceedings of
the CSEE, 2010, 30(14): 1—6.

Szuhanszki J, Black S, Pranzitelli A, et al. Evaluation
of the performance of a power plant boiler firing coal,
biomass and a blend under oxy-fuel conditions as a CO,
capture technology [J]. Energy Procedia, 2013, 37:
1413—1422.

Bk BH. 0/CO 5T NOAE LT SE (D] 3«
SRR, 2007

Chen Yang. Research of NO, production mechanisms at
oxy-fuel combustion [D]. Wuhan: Huazhong University
of Science & Technology, 2007.

Duan Lunbo, Zhao Changsun, Zhou Wu, et al. Sulfur

evolution from coal combustion in 0/CO, mixture [J].



31

i

I

4 HASUR MR SRR

Bei G YWy HE R R 835

(9]

9]

[10]

[10]

[11]

[11]

[12]

Journal of Analytical and Applied Pyrolysis, 2009, 86
(2): 269—273.

Munir S, Nimmo W, Gibbs B M. The effect of air
staged, co- combustion of pulverised coal and biomass
blends on NO, emissions and combustion efficiency [Jl.
Fuel, 2011, 90: 126—135.

Alvarez L, Yin C, Riaza J, et al. Biomass co- firing
under oxy-fuel conditions: A computational fluid
dynamics modelling study and experimental validation
[J]. Fuel Processing Technology, 2014, 120: 22—33.
K. AW IR R R e B i B W HE TR PR F 5
[D]. BFRa: IZR, 2007.

Zhang Haiqing. Study on the combustion and pollutant
emission characterictics of biomass and blending with
coal[D]. Ji’nan: Shandong University, 2007.

Wk, PG, SR T, AR TS I A R
FE[J]. RFHRE i, 2006, 27(8) : 852—856.

Shang Linlin, Cheng Shiqing, Zhang Haiqing.
Experimental study on pyrolysis behaviors of coal and
biomass blending[]]. Acta Energiae Solaris Sinica,
2006, 27(8): 852—856.

BRAE, BOIE, A, . B SRR R D
e 4 JB B 0 BT R R AL e [0 ). BARHE 225 4
2009, 37(3): 373—376.

Yang Tianhua, He Yeguang, Li Rundong, et al.
Influence of alkali metal K on nitrogen conversion in co-
combustion of coal and straw[J]. Journal of Fuel
Chemistry and Technology, 2009, 37(3): 373—376.
Wang P, Hedges S W, Casleton K, et al. Thermal
behavior of coal and biomass blends in inert and

oxidizing gaseous environments [J]. Scientific Research,

2012, 1(3): 35—42.

[13]

[13]

[14]

[14]

[15]

[15]

[16]

[16]

[17]

[17]

X FH. AW R SRR R B IR N il 8l 3 2 R ) S5
WHFEID ] dbat: JLatsgi Ry, 2012.

Liu Xiang. Study on co- combustion kinetics and ash
fusion kinetics of biomass with bituminous coal [D].
Beijing: Beijing Jiaotong University, 2012.

R, BRI, KSR 04/CO, U M AEY RS
SRR AR 19 NO HEBCRHEIT ST [T ). # ) %H L 2012,
41(8): 32—36.

Xie Jingsi, Cheng Shiqing, Zhang Huimin, et al.
Experimental study on NO emission characteristic co-
firing of biomass and coal in 0,/CO, atmosphere [J].
Thermal Power Generation, 2012, 41(8): 32—36.
TR, TR SBEY R IR R SO, 4k
TRCRFEELY . BRIPEA, 2013, 44(5): 39—43.

Wang Jinxing, Wang Chunbo. Experimental study on
SO, emission characteristics of co-combustion of

pulverized coal and biomass blends at constant
lemperature[]]. Boiler Technology, 2013, 44(5): 39—
43.

BACT, B IKE, JTIRE, A O0/CO T T BERABE
SO/NO #7 th 45 £ [1]. 1 T 2% 4, 2009, 60 (5) :
1268—1274.

Duan Lunbo, Zhao Changsui, Lu Junying, et al. SOY/
NO during  0,/CO;
combustion process[]]. CIESC Journal, 2009, 60
(5): 1268—1274.

R, KRB, B, R BB L
AR [T]. KA, 2011, 32(11): 1671—
1676.

Nie Hu, Yu Chunjiang, Wei Wei, et al. The study of

sulfur transformations in biomass combustion [J]. Acta

Energiae Solaris Sinica, 2011, 32(11): 1671—1676.

emission characteristics coal



836 K FH [ S 394

POLLUTANT EMISSION CHARACTERISTICS OF COAL COMBUSTION
BLENDING WITH BIOMASS IN OXYGEN-ENRICHED ATMOSPHERE

Dong Jinglan, Ma Kai
(MOE’ S Key Laboratory of Condition Monitoring and Control for Power Plant Equipment , School of Energy Power and Mechanical
Engineering , North China University of Electric Power, Baoding 071003, China)

Abstract: Pollutants of coal combustion blending with biomass in oxygen- enriched atmosphere was measured and
analyzed in a tube furnace, the results showed that as the combustion temperature and oxygen concentration increase,
SO, and NO emissions peak curve and conversion rate increase, with the increase of biomass blending ratio, SO, and NO
emissions curve peak and the conversion rate reduce; coal and biomass species have obvious influence on SO, and NO
emissions, compared with lean coal blending with cornstalks, SO, emissions curve peak value is lager and the NO
emissions curve peak value is smaller when bituminous coal blending with cornstalks; compared with burning sawdust,
when bituminous coal blended with cornstalks, SO, emission curve peak value is larger and NO emission curve peak
value is smaller.

Keywords: tube furnace; oxygen-enriched atmosphere; biomass; blending; pollutants



