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Table 1 Proximate analysis, ultimate analysis, and heat value of 3 kinds of pellets

ik A JCEDHT A Bt
Material Industrial analysis/% Elemental analysis/% Lower heam]lg value
Mag A Vad Fcad Cad Hag Nag Sad /(kd-kg™)
TKFEFT Corn straw 7.64 12.08 71.03 9.25 40.66 5.44 1.10 0.56 16254
fiFF Cotton stalk 7.53 12.10 72.22 8.15 39.99 5.30 1.15 0.58 15707
K5t Wood 7.45 1.59 85.24 5.72 46.75 6.19 0.26 0.59 18308

T Mag H—FREEAIK Y (Moisture) 5 Agg IRS> (Ash) ; Vg 45K 5> (Volatiles) ; Feag M 1H 5ER% (Fixed carbon) ; Cag B%7G 2545 (Carbon content) ;
Ha NEJCE S E (Hydrogen content) ; Nag AZEUGHE S (Nitrogen content) ; S, AfRICE S (Sulfur content) .
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Fig.1 Biomass combustion test platform
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Table 2 Particle size grading in ELPI

IR 3] A Hit
State Level Range of particle size/um Diameter/um

1 0.007~0.029 0.02

Bt 2 >0.029~0.057 0.04

3 >0.057~0.101 0.08

4 >0.101~0.165 0.13

5 >0.165~0.255 0.21

" 6 >0.255~0.393 0.32

PRI 7 >0.393~0.637 0.50

8 >0.637~0.990 0.79

9 >0.990~1.610 1.26

10 >1.610~2.460 1.99

RS 11 >2.460~3.970 3.13

12 >3.970~10.150 6.35
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Table 3 Gas composition of three fuels
" - UL BURLA) T R 2 g
Jﬁ“ A CO,/% CO/% NO/% NOL/% 0,/% Particulate matter Particulate matter KLk .1/%?&
Material Power/kW 3 3 Excess air ratio
number/(-{>-cm™) mass/(mg-m™)
10 8.0 0.083 0.0196 0.00223 13.2 3.85x10° 77.3 25
TORFEFT 12 9.5 0.055 0.02 0.0007 1.1 3.27x10° 78.9 2.0
Corn 14 11.0 0.038 0.0288 0.00117 9.0 2.80x10° 74.8 1.7
straw 16 16.3 5.752 0.0187 0.00071 47 7.77x10° 22715 1.3
18 16.0 5.5754 0.0170 0.00086 3.8 9.19x10° 303.8 1.2
10 10.0 0.059 0.03 0 11.0 2.91x10° 90.8 2.0
Liias 12 13.0 0.03 0.0335 0 9.0 1.52x10° 60.7 1.7
Cotton 14 14.2 0.021 0.034 0 7.2 0.85x10° 44.0 15
stalk 16 17.3 3.2 0.015 0 3.0 3.41x10° 176.0 1.2
18 18.0 3.325 0.02 0 2.0 3.74x10° 197.8 1.1
10 9.0 0.17 0.008 0 10.8 6.68x10° 115.2 2.0
K 12 115 0.1456 0.009 0 9.1 6.59><1OZ 155.0 1.7
Wood 14 15.0 0.088 0.0095 0 6.8 0.28><1o6 77.4 15
16 17.0 0.09 0.008 0 2.9 2.28x10 101.7 1.2
18 18.3 2.9 0.0036 0 1.2 1.59x10° 962.0 1.1
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Fig.2 Particle number distribution of three molding fuel
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Fig.3 Particle mass distribution of three molding fuel
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Distribution characteristics of number and mass for particulate
emission of biomass solid fuel combustion

Zhang Yongliang®?, Zhao Lixin®, Yao Zonglu®*, Tian Yishui®, Meng Haibo®, Zhang Xuemin?
(1. Key Laboratory of Energy Resource Utilization from Agricultural Residues, Ministry of Agriculture, Chinese Academy of Agricultural
Engineering, Beijing 100125, China; 2. College of Engineering of China Agricultural University, Beijing 100083, China)

Abstract: The development of biomass solid fuel is one of the effective ways to reduce crop residue waste and
coal combustion. However, the distribution about particulate emission of biomass solid fuel under combustion
condition has no precise data. More specifically, there is no clear relationship between two variations (burning
power and air content) and performance of particle distribution. In terms of different types of solid biomass fuels -
corn straw, cotton stalks and wood, this paper focuses on characteristics about particulate emission of these three
biomass fuels under the combustion test platform condition by using electrical low pressure impactor (ELPI). The
solid biomass fuels manufactured and developed by Chinese Academy of Agricultural Engineering were
compressed into a cylinder with diameter of 8 mm, length of 10~30 mm. In the first experiment, waste gas and
particle distribution can be measured through combustion of such three biomass fuels. To be more precise,
burning power as variation controlled by adjusting the feeding quantity was set to 10, 12, 14, 16 and 18 kW, and
records lasted 30 minutes after the stable power. The result of the first experiment showed the particle emission of
three kinds of fuels was the least at the power of 14 kW. To further explore the relationship between air content
and distribution of particulate, in the second experiment the air intake as the variation was set to 6, 7, 8 m/s under
the power of 14 kW condition. In this experiment, waste gas and particle distribution was measured and recorded
in 30 minutes by ELPI at each wind speed after stable combustion. The measuring instrument, ELPI, which
divided particles range into 12 grades, from 0.003~10 um, can record each class of particle number and mass
instantaneously. It focused on the particles’ number concentration distribution and mass concentration distribution
of three kinds of biomass forming fuel. The results showed that the peak particle number concentration of three
kinds of fuels mainly concentrated in 4, 5, 6, 7 levels, which were more than 70% in the total number of
particulate matters. The distributions of peak particle mass concentration were in 7 and 12 levels that were more
than 50% in the total mass of particulate matters. With the increase of power, particulate matter emissions
dropped at the beginning and then rose, crude membrane particles matter increased, and proportion of PM2.5 in
the particles reduced 10%~20%. When the air content increased, PM decreased, but distribution trend remained.
When excess air ratio was 1.5~1.7, the combustion of three kinds of solid biomass fuel was the best, and the
particulate matters was the least.

Key words: fuels, particles, emission control, biomass, distribution
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