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Abstract — Using wood pellets, which are used as fuel for thermal power generation plants, as test specimens, the min-
imum spontaneous ignition temperatures according to the size of the container for the test specimens were measured,
and by applying the Frank-Kamenetskii theories on thermal energy to these temperatures, the danger factor of the mate-
rials were calculated by deriving the apparent activation energies. The results confirmed that the ignition threshold tem-
perature decreased as the size of the container increased and that the spontaneous ignition energy was 37.83 kcal/mol.
The results also confirmed that the larger the container for the test specimens was the time to arrive at the spontaneous

ignition time and maximum temperature also increased.
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Table 1. Physical properties of wood pellet [14,15]

Test item (s) Unit Limit Test result
Diameter mm 6~8 8
Length mm L<40 20
Unit volume mass* kg/m® Min. 600 650
Total moisture* Yowt Max. 10 8.1
Ash*** Yowt Max. 3.0 3.0
Fines Yowt Max. 2.0 2.0
Gross As air dried basis Min. 4,300 4,680
calorific ~ As dried basis kcal’/kg  Min. 4,200 4,530
value As received basis Min. 4,100 4,300
Net calorific value* %owt Min. 3,900 3,940
Chlorine*** Yowt Max. 0.05 0.03
Sulphur*** Yowt Max. 0.05 0.03
Nitrogen*** Yowt Max. 0.5 0.5
Hydrogen** Yowt Report 6.22
Ash fusion temperature °C Min. 1,150 1,211

As mg/kg Max. 1.0 Less than 0.5

Cd mg/kg Max. 0.5  Less than 0.1

Cr mg/kg Max. 10 6

Cu mg/kg Max. 10 5
Trace element

Pb mg/kg Max. 10 Less than 1

Hg mg/kg Max. 0.05  Less than 0.01

Ni mg/kg Max. 10 3

Zn mg/kg Max. 100 12
Biomass** Yowt Max. 90 95.7
DNA test Negative Negative

*As received basis
**As dried basis
***As air dried basis
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Fig. 1. Schematic diagram of experimental apparatus for spontaneous
ignition temperature measurement.
1. Electric furnace 6. Relay switch

2. Sample 7. Sirocco fan
3. Cold junction 8. Heater
4. Program controller 9. Fan

5. Temperature recorder  10. Chromel-alumel thermocouple
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Fig. 2. Relation between time and temperature for wood pellet in 3
cm vessel (at 175 °C).
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Fig. 3. Relation between time and temperature for wood pellet in 3
cm vessel (at 180 °C).
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Fig. 4. Relation between time and temperature for wood pellet in 5
cm vessel (at 170 °C).
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Fig. 5. Relation between time and temperature for wood pellet in 5
cm vessel (at 175 °C).
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Fig. 6. Relation between time and temperature for wood pellet in 7
cm vessel (at 160 °C).
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Fig. 7. Relation between time and temperature for wood pellet in 7
cm vessel (at 165 °C).
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Fig. 9. Relation between time and temperature for wood pellet in
14 cm vessel (at 150 °C).
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Fig. 10. Determination of activation energy for wood pellet.
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Table 2. Relation between critical spontaneous ignition temperature and
thickness in each sample vessel for wood pellet

5T 1
a[m] T, [K] 3, In—* T x103 [K™]
1.5x1072 450.66 20.4907 2.2190
2.5x107 445 .66 0878 19.4468 2.2439
3.5%x107 435.66 ’ 18.7284 2.2954
7.0x1072 420.66 17.2721 23772
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Nomenclature

: Half thickness of sample vessel [m]

: Arrhenius equation [-]

: Concentration of reactant [mol/m?]

: Specific heat [J/mol-K]

: Activation energy of reaction [J/mol-s]
: Shape parameter [-]

: Heat conductivity of body [W/m-K]

: Heat of reaction per unit mass [J/mol]
: Universal gas constant [J/mol-K]

: Time [sec]

: Mean temperature of internal system [K]
: Ambient temperature [K]

: Critical auto ignition temperature [K]

: Coordinate [-]

xmﬂmﬁﬁﬁwox'_‘mmoo()o>w
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Greek Letters

d :Dimensionless reaction rate [-]

0 : Dimensionless temperature [-]

& :Dimensionless distance [-]

p :Density of mixture system [mol/m?]

1, :Dimensionless time [-]
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