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Combustion characteristics of single biomass pellets
in a hot gas flow
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Abstract: As a pretreatment for energy conversion, biomass is often pelletized for efficient transport,
storage, and handling with an increased bulk density and size uniformity. In this study, the combustion
behaviors of a single biomass pellet were investigated for pine wood and bean husk in comparison to
sub-bituminous coal. The pellets were immediately exposed to an updraft flow of nitrogen and air for
pyrolysis and combustion analysis. The hot gas flow were at approximately 1080 K and the pellets were
burned in a range of 21-40% oxygen for the combustion behaviors. The sequential progress of
combustion was monitored by video recording, optical pyrometry, and gas composition analysis for their
ignition, flame characteristics, and burnout time. According to the results, the biomass pellets had fast
ignition, which was attributed to the release of oxidizing gases at an early stage. TGA and pyrolysis
analysis also indicated that biomass had the fast volatile release due to their primary components. The
flame size of pine wood were the largest among three pellets while the coal had the highest flame

temperature with the smallest flame size.
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Table 1 Physical properties of three samples

Length | Mass | Diameter | Density

(mm) (2 (mm) | (kg/m’)

1 8.22 0.499 8 1207.70

2 8.21 0.498 8 1206.75

3 8.24 0.501 8 1209.60

4 8.22 0.500 8 1210.12

5 8.21 0.499 8 1209.17
Avarage | 8.21 0.4994 8 1208.67

(a) Pine wood

Length | Mass | Diameter | Density

mm) | (@ | mm) | (kgm)

1 8.21 0.496 8 1201.90

2 8.21 0.498 8 1206.75

3 8.23 0.501 8 1211.07

4 8.20 0.499 8 1210.65

5 8.22 0.501 8 1212.54
Avarage | 8.21 0.4999 8 1208.58

(b) Bean husk

Length | Mass | Diameter | Density

mm) | (@ | (mm) | (kgm)

1 8.48 0.502 8 1177.71

2 8.43 0.503 8 1187.05

3 8.52 0.505 8 1179.19

4 8.41 0.503 8 1189.88

5 8.39 0.499 8 1183.23
Avarage | 8.45 0.502 8 1183.41

(¢) Sub-bituminous coal

2

L RET - ANH

Table 2 Fuel properties of biomass and coal(M:
moisture, VM: volatile matter, FC: fixed carbon)

Pine Bean
wood husk Coal
C 42.38 40.86 74.00
Ultimate H 5.82 5.99 4.85
analysis O 40.55 39.41 11.53
(wt. %) N 0.52 2.12 1.37
S 0.00 0.02 0.20
Proximate M 10.20 11.10 11.20
analysis VM| 71.10 72.20 40.40
(wt. %) FC 17.10 12.90 40.55
Ash 1.60 3.80 7.85

(as Received basis)
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T, : 900~1300 °C

Flow rate : 15-50 Ipm
Evaporated H,O : ~251Ipm
0:: 0~50%

Particle mass = 0.5g
Injection time =0.5sec

Hydraulic

Pellet press #1 Data logger

N, &0,
Fig. 1 Schematic diagram of single solid fuel pellet combustion system.
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Fig. 3 Temperature gradient in the quartz.
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Fig. 4 TGA and DTG results of three samples.
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Fig. 5 Gas compositions of pellet under nitrogen.
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Fig. 6 Photographs of combustion process.
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Fig. 7 (a) Combustion time of pellets; and (b) proximate analysis of three samples.
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Table 3 Maximum temperature of flame and char

Max. Pine Bean
Temperature Coal
[K] wood husk
Flame 1641.4 1580.8 1772.4
Char 1296.7 1287.2 1299.2
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