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Tab. 1 Industrial and elementary analysis of a biomass sample
1% 1%
M, A Vi FC,, Cu H,, 0, N S
6.57 6.62 73.57 13.24 44.02 5.30 38.50 1.40 0.15
6.00 16.92 56.98 20.10 36.47 5.16 33.99 0.92 0.09
5.83 1.74 74.06 18.37 45.83 4.94 39.41 0.72 0.22
1.3
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2.1 NO
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NO o NO .
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Tab. 2 Test conditions
. 2( a) Fe, O, 700800
Ic /mg Fe,0, /mg Fe/mg
700 800 900 100 / / E NO 71% 7.5%;
700 800 900 100 1 / 900 C  NO 18.71%; 2
900 100 0.512 / (b) Fe,0, 800 °C NO
900 100 / ! 29.88% ;900 C 20.93%; 700 C




5 NO « 131 -
o 2(¢) Fe, O, N
700,800 900 °C NO \ W HCN/NH, (
14.47% \17.72%  18.66% HCN/NH;) HCN/NH, NO.
NO Fe, 0, HCN
HCN 2B
2Fe,0; +3HCN—4Fe +3CO +3NO +1.5N, (1)
Hayhurst. Lissianski Gardon
Fe NO ey (2)
2Fe +3NO—Fe,0, +1.5N, (2)
HCN
(1) Fe,0, N, HCN NO
(2) Fe N, (1)
(2) HCN
N, NO NO
o 800 °C 900
Co o
1850 C
? . 700
800 C Fe, 0, NO
Fe,0,
o 900 C Fe, 0, NO
o 900 C
Fe, 0, HCN
Fe, 0,
2.2 NO
3 900 «C Fe, O, NO
2 Fe, 0, 3(a) ~ 3(c) N
NO o Fe, 04 0.5.1 2 mg;
Fig.2 Curves of the NO real4ime emissions of 100 mg; 2 L/min. 3(a)
three kinds of biomass before and after the 900 °C 0.5.1 2 mg
Fe,0, NO 5.87% 18.71%

nano-¥e,0; is added

28.02%: 3(b)

Fe, O, NO 7.95% -20.93%



* 132 - 2016
32.56%; 3(c) Fe, 0, Fe, 0,
Fe, O, 9.51% . 18. 66% Fe, O,
27.12% » Fe, 0, NO HCN (1) (2)
’ HCN NO . Fe,
0, (1)
HCN NO NO
o 900 C Fe, 0,
NO o
900 °C
Fe,0,  HCN Fe,0,
2.3 Fe,0, Fe
4 900 C Fe, 0, Fe
NO o 4(a) ~ 4(c)
N o 100 mg
Fe, O, Fe 1 mg 2 L/min,
4( a) Fe, 0,
Fe NO 18.71% 4.81%; 4
(b) Fe, O, Fe
NO 20.93%  12.98%; 4(c)
Fe, 0, Fe NO
18.66%  12.68% Fe
NO NO
Fe, 05
NO .
Fe, 0O, NO HCN
NO (1) (2) Fe
NO N, (2) o 900
3 Fe,0,
‘ C Fe
NO
Fig. 3 Curves of the NO real-time emissions of O Fe NO ’
three kinds of biomass when the nano¥e,0, NO
Fe o

in various doses is added



5 NO - 133 -
0, NO .
NO .
800 °C NO . 700
800 C Fe, 0, NO
900 C :
(2) Fe, O,
NO ,
(3) Fe NO
Fe,0,;
(4)
Fe, O, NO HCN
N, NO . Fe
NO N, NO
(5) 700 ~
900 C
900 C .

4 Fe, O,
Fe NO
Fig. 4 Curves of the NO real-+ime emissions of

three kinds of biomass when the nano-¥e, 0,

and nano — Fe are added respectively

(700,800 900 °C)

Fe,

1 Werther ] Saenger M Hartge E U et al. Combustion of agricultural

residues J . Progress in energy and combustion science 2000 26

(1):1-27.

2004 26( 1) : 35-41.

YANG Zheng-hu YUAN Yi—<hao LIU Yu-—zheng et al. Develop—

ment and research of biomass energy systems J . Journal of Shang—

hai University of Science and Technology 2004 26( 1) : 35 -41.
3 . I

2009 (5) :1-17.
CHEN Han-ping LI Bin YANG Hai-ping et al. Status quo and
prospect of the biomass combustion technology J . Industrial Boil-
er 2009 (5) :1-7.
2013 41(7) : 798 —804.

WU Chuang—=hi LIU Hua-cai YIN Xiui. Analysis of the develop—
ment of the biomass gasification technology J . Journal of Fuel

Chemistry 2013 41(7) : 798 —804.



12

14

LIU Chun-yuan LUO Yong-hao ZHANG Rui—zhi et al. Experi—
mental study of the NO reduction during the reburning of tar-con—
tained biomass gasfication syngas J . Journal of Shanghai Univer—

sity of Science and Technology 2014 36(5) :502 -506.

I 2013 28(2):202
-206.
WANG Shuang JIANG Xiu-min WANG Qian et al. Experimental
study of the quick pyrolysis of enteromorpha clathrata to prepare
bio-oil under various conditions J . Journal of Engineering for
Thermal Energy & Power 2013 28(2) : 202 -206.
Houshfar E Skreiberg (J Todorovi ¢D et al NO, emission reduc—
tion by staged combustion in grate combustion of biomass fuels and
fuel mixtures J . Fuel 2012 98(0) : 29 -40.
Houshfar E Skreiberg (J Lavas T et al. Effect of excess air ratio
and temperature on NO,, emission from grate combustion of biomass
in the staged air combustion scenario J . Energy & Fuels 2011
25(10) : 4643 —4654.
Roger S. Fuel staging for NO, reduction in biomass combustion:
experiments and modeling J . Energy & Fuels 2001 15( 3)
575 -582.
Thomas N. Combustion and co-combustion of biomass: fundamen-—
tals technologies and primary measures for emission reduction
J . Energy & Fuels 2003 17(6) : 1510 -1521.
GUAN Ren—gui LI Wen CHEN Hao-kan et al. The release of ni-
trogen species during pyrolysis of model chars loaded with differ—
ent additives J . Fuel Processing Technology 2004 85( 8 - 10)
1025 -1037.
BENSON B G CHEN Wei-yin. Fe, O,
HCN J. 2011 31(6) :
1181 - 1186.
SU Ya=xin Benson B G CHEN Wei-yin. Experimental study of
the intermediate product HCN controlled by re-burning and deni-
trification of Fe,O; J . Acta Scientiae Circumstantiae 2011 31
(6) : 1181 - 1186.
TAN Hou-zhang WANG Xue-bin NIU Yang—qging et al. Studies
of interaction mechanism between iron and HCN J . Asian Jour—
nal of Chemistry 2010 22(5) : 4017 —4025.

Lissianski V'V Maly P M Zamansky V M. Utilization of iron ad-

16

17

18

20

21

22

23

e 134 » 2016
5 ditives for advanced control of NO_ emissions from stationary com—
NO J . 2014 36(5) : 502 bustion sources J . Industry and Engineering Chemistry Re—
-506. search 2001 40( 15) : 3287 —3293.

I 2014 42(5) : 552
-558.
HAO Hong-ao YU Wei LU Ping et al. Factors influencing the
advanced reburning and denitrification of biomass and element re—
lease characteristics J . Journal of Fuel Chemistry 2014 42
(5):552 -558.
Hayhurst A N Ninomiya Y. Kinetics of the conversion of NO to
N, during the oxidation of iron particles by NO in a hot fluidized
bed J . Chemical Engineering Science 1998 53 ( 8) : 1481
- 1489.
Hayhurst A N Lawrence A D. The reduction of the nitrogen ox—
ides NO and N, O to molecular nitrogen in the presence of iron its
oxides and carbonmonoxide in a hot fluidized bed J . Combus-
tion and Flame 1997 110: 351 —365.
Gradon B Lasek J. Investigation of reduction of NO to N, by reac—
tion with Fe J . Fuel 2010 89( 11) : 3505 —3509.

NO
J. 2012 37( S1) : 206 -210.

SU Ya=in SU AHong CHENG Hao. Experimental study of metal
iron to directly catalyze and reduce NO J . Journal of Coal
2012 37( S1) : 206 -210.
ZHAO Zong-bin Li Wen LI Bao—ging. Catalytic reduction of NO
by coal chars loaded with Ca and Fe in various atmospheres J .
Fuel 2002 81( 11 —12) : 1559 —1564.
Glarborg P A Jensen ] E Johns S. Fuel nitrogen conversion in
solid fuel fired systems J . Progress in Energy and Combustion
Science 2003 29(2): 89 -113.
ZHOU H Jensen A D Glarborg P et al. Formation and reduction
of nitric oxide in fixed-bed combustion of straw J . Fuel 2006

85(5) 1705 - 716.

1996(1) :5 -6.
LIU Hao HUANG Lin. Several problems relating to the design
and operation of a rice huskfired fluidized bed J . Industrial

Boiler 1996(1) :5 6.



5 . 159

NO = Characteristics of the NO Emissions Controlled by Nano Iron—
based Additives During Biomass Combustion and Its Mechanism WU Ming-yang ZHAO Bing-tao
( College of Energy Source and Power Engineering Shanghai University of Science and Technology Shanghai Chi-
na Post Code: 200093) SU Ya=in ( College of Environment Science and Engineering Donghua University Shang-
hai China Post Code: 201620) //Journal of Engineering for Thermal Energy & Power. — 2016 31 (5).

-129 ~ 134

To control the NO emissions during the biomass combustion a method to add nano iron-based additives to biomass
was used to study the inhibition of NO production during the combustion process. In an one-dimensional tubular fur—
nace the NO emission characteristics of three typical kinds of biomass ( corn stalk rice husk and sawdust 100 mg)

containing the nano Fe, 0, additive were experimentally studied at a temperature of 700 °C 800 °C and 900 °C re—
spectively. It has been found that Fe, O, can effectively lower the peak value of NO. With an increase of the tempera—
ture the descending rate of the NO peak value of corn stalk and sawdust will increase however that of the rice husk
will arrive at its maximum value at 800 °C. At different temperatures when a weight of 1 mg Fe,0; is added the
maximum descending rates of the NO peak values of corn stalk rice husk and sawdust will be 18.71% 29.88%
and 18.66% respectively. When a weight of 0.5 to 2 mg Fe,0; is added the maximum descending rates of the NO
peak value of corn stalk rice husk and sawdust will be 28.02% 32.56% and 27.12% respectively at 900 “C. The
effectiveness of the nano Fe,0; to lower the NO emissions is superior to that of the nano single substance Fe. Ac-
cording to the path and mechanism governing the conversion of N during the biomass combustion process it can be
predicted that Fe, O, will mainly reduce the precursor HCN of NO to N, thus inhibiting the production of NO while
the single substance Fe will mainly reduce the NO produced to N, to lower the NO emissions. Key words: biomass

combustion NO nano iron-based additive emission control

= Analysis of the Causes for Dust Deposition on the Low
Temperature Heating Surface of a Bagasse-fired Boiler and Their Solutions WANG Guang-pei
JIANG Wen ( Huadian Electric Power Science Research Institute Hangzhou China Post Code: 310030) ( Hang—
zhou Huadian Energy Source Engineering Co. Ltd. Hangzhou China Post Code: 310030) //Journal of Engineering

for Thermal Energy & Power. —2016 31(5). —135 ~140

In the light of the phenomenon that it is easy for dust to deposit on the low temperature heating surface of a bagasse—

fired boiler during the actual operation process analyzed were the operating parameters and in combination with the



