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Abstract: The thermogravimetric analyzer and horizontal tube
furnace are used to study the effects of operation parameters
such as temperature, fuel type, and oxygen concentration on the
combustion and NO emission characteristics of the rice husk,
rice straw, and peanut shell in the O,/CO, atmosphere. The
results show that the combustion performances of volatile matter
and fixed carbon of the three biomasses increase with the
increase in the O, content. The mean NO emission increases
sharply when the reaction temperature increases from 700 to
800 C. However, it increases slightly when the temperature
exceeds 800 C. Meanwhile,
nitrogen conversion decrease with the increase in the nitrogen
content in biomass. The mean NO emission changes little with
different oxygen concentrations, and the NO emissions of the
three biomasses are all lower than the requirement for the
minimum NO emission. Increasing the oxygen concentration
favors the biomass combustion in the O,/CO, atmosphere, and
oxygen concentration has little effect on the NO emission.
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the mean NO emission and

iomass resources in China are rather abundant, and
B the annual available biomass resource is about 3. 14
x 10° t of the coal equivalent. Direct biomass combustion
has been widely used owing to its lower consumption,
higher efficiency, and lower CO, emission. However,
many pollutant emissions are also generated from direct
combustion'"’. Meanwhile, the structure, composition,
and element composition of biomass are considerably dif-
ferent. These also affect combustion behavior and pollu-
tant emission characteristics'”. For biomass combustion,
the oxidation of fuel-N is the major source of NO_ emis-
sions. It can be attributed to the low operating tempera-
ture that prevents the formation of the thermal NO, during
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the biomass combustion process. In general, the forma-
tion and control mechanisms of the fuel NO_ are compli-
cated. Many studies on the pollutant emission characteris-
tics and combustion efficiency of biomass in the fluidized
bed"”™ have been carried out. Results show that the nitro-
gen model compounds in biomass and operating parame-
ters in the combustion system have significant effects on
the NO, formation.

0,/CO, combustion technology is a new and promising
technology which has the characteristics of higher CO,
concentration and controlling pollutant emissions. Re-
cently, it has attracted much more attention and it has be-
come more advanced in pulverized coal combustion”™.
However, reports on combustion behavior and NO_ emis-
sions characteristics of biomass in the O,/CO, atmosphere
are few. In this study, the thermogravimetric analyzer
and horizontal tube furnace are used to investigate the
effects of operation variables such as temperature, fuel
type, and oxygen concentration on the combustion behav-
ior and NO emission characteristics of the rice husk, rice
straw, and peanut shell in the O,/CO, atmosphere.

1 Experiment Methods
1.1 Materials

A peanut shell, rice husk, and rice straw are used in the
study. The results of analysis data are given in Tab. 1.

1.2 Apparatus and data processing

The STA449C thermal analyzer made by NETZSCH-
Geridtebau GmbH is used in the thermogravimetric test.
The mean diameter of biomass is 0. 074 mm. The mass
loss percentage and mass loss rate of samples are recorded
continuously under non-isothermal conditions with a tem-
perature range of 20 to 950 C. A sample mass of 8 mg is
used for the thermogravimetric analysis in an O,/CO, at-
mosphere at a gas flow rate of 50 mL/min. The O,
content is increased from 20% to 40% in volume. The
characteristics index of the comprehensive combustion §
is used to evaluate the combustion of samples, min >/
K’. This index reflects the ignition and burnout character-
istics of the sample. It can be obtained as

o (dw/d)
T T,

mean

dw/dt
o (dw/dn)
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Tab.1 Ultimate and proximate analyses of biomass on air-dry basis
. Ultimate analysis Proximate analysis
Material
Wc Wi Wo WN Ws Ww Wy Wrc Wa

Peanut shell 46. 24 6.09 23.41 0.93 0. 67 5.94 61.4 15.94 16.72
Rice husk 41.23 5.90 29.58 0. 87 0.28 6. 65 62.1 15.79 15. 46
Rice straw 38.92 5. 68 30. 09 0.35 0.28 6.31 60. 6 14.72 18.37

where T, and T, are the ignition and burnout temperature,
respectively, K; (dw/dt)  and (dw/dr)
imum and mean weight loss rate, respectively, % /min.
Fig. 1 shows the process flow chat of the tube furnace
facility system. A sample of 200 mg is used for the hori-

are the max-

mean

zontal tube furnace test at a fixed gas flow rate of 700
mL/min. The flue gas components are continuously
measured by KM9106E gas analyzer. The mean NO e-
mission is integrated the instantaneous NO concentration
by time.
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Fig.1 Flow diagram of NO emission test

2 Results and Discussion
2.1 TGA analysis

The TG and DTG curves of the peanut shell, rice husk
and rice straw combustion in an O,/CO, atmosphere are
shown in Fig.2. As seen in these graphs, there are three
peaks in the curves, indicating that the biomass combus-
tion processes can be divided into water evaporation
(stage [), volatile release and combustion (stage I ),
and fixed carbon combustion (stage [l ). Three biomass
combustions have the sharpest peak at stage [[, and the
peak shrinks as the oxygen ratio increases, implying that
the oxygen diffusion velocity is the main factor that af-
fects the biomass combustion rate. With the increase in
the oxygen concentration, the devolatilization of biomass
accelerates, which increases the oxygen diffusion velocity
and decreases the ignition temperature. Significant differ-
ences appear in the carbon combustion stage. The peanut
shell and rice husk have more significant weight loss
peaks than those of the rice straw, and the peaks shift to a
low temperature with the increase in the O, concentration.

The combustion characteristics of the three kinds of bi-
omass obtained from the TG and DTG curves at different
O, contents in volume are given in Tab.2. As seen in this
table, the three biomass combustions show similar trends
at different oxygen contents. The maximum weight loss

rate and maximum combustion rate increase with the in-
crease in the O, contents. The comprehensive combustion
characteristic indices of the peanut shell, rice husk, and
rice straw are increased by 30.5%, 40.3%,
26.7% , respectively. This also proves that these three
kinds of biomass have good combustion characteristics in
the O,/CO, atmosphere.

and

Tab.2 Combustion characteristics
(dw/dt) o/ (dW/dt) e’/ S/ (10 ¥ min =2 -

Materials ~ ¢0,”/ %

(% -min™") (% +min~") K3)

20 -9.18 -2.50 6.91

Peanut shell 30 -10.67 -2.53 8.24
40 -11. 15 -2.59 9.02

20 -11.51 -2.67 9.38

Rice husk 30 -12.81 -2.76 10. 87
40 -15.22 -2.81 13. 16

20 -14.31 -2.52 11.09

Rice straw 30 -15.28 -2.56 12.21
40 -17.45 -2.63 14. 05

2.2 NO emission characteristics

Fig.3 shows the mean NO emissions at different tem-
peratures in the O,/CO, atmosphere. As seen in this fig-
ure, the mean NO emissions of the three kinds of biomass
increase rapidly when the temperature increases from 750
to 800 C. This can be attributed to the combustion rate
and activated molecules’ concentration increase along with



Duan Feng, Sun Xiaoru, Zhang Yousong, Hu Aifeng, and Chyang Chiensong

202
O o AN — 100
=)
. 80
T -4 ®o,,%co,/ %
=]
= —— 20, 80 160
Eo-6p —~—30,70 g
s —— 40, 60 S
T -8t 40
=
a -10t 120
-12+  Tidhmsssssssssasssss.
1 1 1 1 0
0 200 400 600 800 1000
T/°C
(a)
04 g 7100
-4 7180
it ¢02,(Pco2/%:
= —— 20, 80 160 e
E -8r —— 130,70 g
S e
N 140
[ 12 B
E
a 420
-16}
1 1 1 1 O
0 200 400 600 800 1000
T/°C
(b)
2r
4100
= -3k
2 oy, Peo,/%; 80
g —— 20, 80 i
& -8 ——30, 70 160 &
N —— 40, 60 2
= {40
a -13f
420
-18 1 1 1 1
0 200 400 600 800 1000
T/°C

(¢)
Fig.2 TG and DTG curves of biomass combustion. (a) Peanut
shell; (b) Rice husk; (c) Rice straw

the increase in the temperature. In addition, the conver-
sions of HCN and NH, and the predecessors of NO also
increase with the increase in temperature, resulting in a
high NO emission""™ .
crease slowly when the temperature increases from 800 to
950 C. This is because the reduction reactions of NO,
both homogeneous and heterogeneous, occur simultane-
ously. In this biomass combustion process, the un-reac-
ted char is a very active catalyst for the reduction of NO

However, the NO emissions in-

with NH,. Besides, a higher temperature will increase the
HCN and NH, concentrations and this also increases the
chance of the two predecessors reacting with NO.

NH, +NO=N, +H,0+H (1)
(2)

Fig. 4 shows the mean NO emission and nitrogen con-
version of different biomasses. As seen in this figure, the

HCN +NO =N, +CO+H

mean NO emission and nitrogen conversion of these three
biomasses decrease with the increase in the nitrogen cont-
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Fig.3 Effect of temperature on NO emission

ent in biomass ( see Tab. 1). This can be attributed to the
fact that the volatile matter of the biomass is higher than
the fixed carbon. In this test, volatile nitrogen is the main
form of the nitrogen content of biomass. With a high fu-
el-nitrogen content, the reduction reactions (1) and (2)
are also enhanced, resulting in a lower NO conversion.
Fig.5 shows the mean NO emission at different oxygen
concentrations. In general, the predecessors will favor
oxidation to form NO at a higher oxygen concentration.
However, as seen in this figure, the oxygen concentration
has little effect on the mean NO emission. This is due to
the effect of CO, in the biomass combustion process. In
this test, CO, is used to replace N, for combustion, which
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Fig.4 Effect of biomass type on NO emission (40% O,/60%
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increases the chance of CO, reduction with un-reacted car-
bon and NO reduction with CO"” the NO
emission increases slightly and it ranges from 20 x 10 ~°

30 x10°°
NO emission requirement (100 x 10 *) of China.

Therefore,

. The mean NO emission meets the minimum

3 Conclusions

1) Increasing the oxygen concentration favors the bio-
mass combustion in the O,/CO, atmosphere, and oxygen
concentration has little effect on the NO emission.

2) In the O,/CO, atmosphere, the mean NO emission
increases rapidly with temperatures below 800 C. How-
ever, it increases slightly when the temperature exceeds
800 .

3) The mean NO emission and nitrogen conversion de-
crease with the increase in the nitrogen content in biomass.
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