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ABSTRACT

While wood pellets are often used as a fuel in thermoelectric power plants and firewood boilers, there is a risk of
ignition temperature when strong wood pellets, which have a high calorific value, for prolonged periods of time. In this
research study, the minimum auto ignition temperature and the ignition limitation temperature according to the change in
flow rate depending on the size of the test vessel were calculated, and based on these temperatures, the apparent activation
energy was calculated to predict the combustive properties of the material. The apparent activation energy was calculated
to be 190.224 kJ/mol. The thicker the sample is storage in the vessel, the longer the ignition induction time was due to
the increased difficulty in heat being transferred from the surface of the vessel to the middle section area of the vessel.
For vessel of the same size, the higher the flow rate, the lower the auto ignition temperature was. It was also confirmed
that increases in the size of the test vessel lowered the auto ignition temperature and increased the ignition induction time.
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a : Half thickness of sample vessel m

A, : Pre-exponential factor of Arrhenius equation  1/s

( : Concentration of reactant mol/m’

G, . Specific heat J/mol - K

FE : Activation energy of reaction J/mol

J . Shape parameter dimensionless

K : Thermal conductivity of body W/m + K

@), : Heat of reaction per unit mass J/kg

R : Universal gas constant J/mol - K

t : Time sec

T : Mean temperature of internal system K

7, : Ambient temperature K

X : Coordinate dimensionless

0 : Dimensionless reaction rate dimensionless

f# : Dimensionless temperature dimensionless

¢ @ Dimensionless distance dimensionless

6 : Density of sample kg/m®

p : Density of mixture system mol/m’

7, : Dimensionless time dimensionless
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Table 1. Characteristics of Wood Pellet!'?
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* wt.% Max. 10 8.1
Ash*** wt.% Max. 3.0 3.0
Fines wt.% Max. 2.0 2.0
) As Air Dried Basis Min. 4,300 4,680
Gmssvszleo”ﬁc As Dried Basis keal/kg Min. 4,200 4,530
As Received Basis Min. 4,100 4,300
Net Calorific Value* wt.% Min. 3,900 3,940
Chlorine*** wt.% Max. 0.05 0.03
Sulphur*** wt.% Max. 0.05 0.03
Nitrogen*** wt.% Max. 0.5 0.5
Hydrogen** wt.% Report 6.22
Ash Fusion Temperature (¢ 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
Trace Element Cu me/ke Max. 10 >
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** wt.% Max. 90 95.7
DNA Test Negative Negative
* As Received Basis, ** As Dried Basis, *** As Air Dried Basis
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Figure 1. Schematic diagram of experimental apparatus for spontaneous
ignition temperature measurement.
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The relationship between the temperature and time of
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20x%20%3 cm
(LNL/min)
400
—_
~
@ 300
=
2
[
=
(7]
o 200 s
£
)
3 Sample temperasture
100 — —- Ambient temperature
,,,,,,,, Setting temper sture
o
o 10 20 30 a0 50 60 70 80

Time(hr)

The relationship between the temperature and time of
wood pellets with a 3 c¢m vessel at 176 C when the
flow rate was 1.0 NL/min.

20x20x3 cm
(1.5 NL/min)

§

§

g

Temperature(C)

Sample temper stur =

— — Ambient temperature

8

———————— Setting temperature

=l

o 10 20 30 a0 50 60 70 80
Time(hr)

The relationship between the temperature and time of
wood pellets with a 3 cm vessel at 175 C when the
flow rate was 1.5 NL/min.



Seage] Ay g

fr#Fo] 0 NL/min® w178 CollA wa}alg] om, vt
3t} whale] HF =9l 177.5 Co] WA33A L =S T3}
STk 0.5 NL/min® 7--oll = 177 CollA L3l7} dojyto
o, B3 ALEE 1765 CTE Ttk =3 F30] 1.0
NL/min® = 176 CollA @3lstlon, A3A 5=
1755 CE F3l¥ o™, 1.5 NL/min® wi= 175 CollA] &
slalgom, dIALEE 1745 TS F3kHth

4.2 AN=8719] SFHPL 5 cmg ZA? XHUs|2e

Figure 6, 7, 8, 9= Z+Zt A15-8712] FA7) 5 em¥ o]
& 0 NL/min, 0.5 NL/min, 1.0 NL/min, 1.5 NL/min®.2 H
SIAIA Apddkste] digk s YeERASE §3F°] 0
NL/mino| Al A8S P3tS o 171 CTollA L= lom,
gl &5+ 1705 CE F3IATh 0.5 NL/mind W&
168 CollA] Esl=|glon, WalstA 2=+ 167.5 CE 3t
Atk =3 F3Fo] 1.0 NU/min¥ #= 167 CollA &3lE A
o, Bl EE 1665 CE 73+, 1.5 NL/min¥
Z5-olle 167 CollA Wslsial on, W3lgA %=+ 166.5 C
= T3

FARET} Fsdte olfre U3l FoE A5E
W 57t 2ok gz FH2E9 S YE
58719 2= A5} SYs5HA
NFE719] WA Al
A k7] WEOE ALEHT)

4.3 AE7| FHP7E 7 cm 4 X[ESi2n

Figure 10, 11, 12, 13- 247 A 58719 FA7F 7 em¥

%8 0 NL/min, 0.5 NL/min, 1.0 NL/min, 1.5 NL/min&.
2 WHSAA zAAESel] gk AE YeESITE 3]
0 NL/minol| A A&-& g+ A3} 163 CollA] L= om,
Al =5 1625 CE F3Hth 0.5 NL/minY ®l&=
162 CollA et glom, WA=+ 161.5 CE 73t
Qo =3 FEFo] 1.0 NL/min¥ w162 CollA w3lg]
Row, walEAEE 161.5 CE 73192, 1.5 NL/min
o 5ol 160 CollA LslE| ] om, WA= 159.5

g ek

NEG7) W LEh 45T F stobar Tl st
e NE§7] FAol AUE AT o] AEst U5
F Ak BEOE Qs Advt A7gE) Hlof 2} 5
AL QAT AR AW o] A b 355
AR o ZHT,

4.4 N=87|4 29| HHalof| ME WUSIREAIZ

Figure 14= &7] UFo EoJ= A5 FA7}F 3 em,
5cm % 7 cmol tig -39 W] mE WIHFEAIHS
Uehd dio|th A S8717F A-dFE w3 EA ] 2
AR =H ol AEE7|Y FAVE SIS AETY F

Wahe e gl WsF AL

Figure 6.

Figure 7.

Figure 8.

Figure 9.

w3 A+ 11
500
20x20x5cm
0 NL/min

400
)
T 300
E
™
g /\
o 200 _
£ Py
2

Sample temperature
100 —-— Ambient temperature
"""" Setting temper sture
o
o 10 20 30 40 50 60 70 20
Time(hr)

The relationship between the temperature and time of

wood pellets with a 5 cm vessel at 171 C when the
flow rate was 0 NL/min.

20x20x5 cm
(0.5ML/min)
400
)
F 300
B
"~
]
o 200 —
E .
= Sample temperature
100 ——: Ambient temperature
Setting temper ature
o
o 10 20 30 40 50 60 70 80
Time(hr)
The relationship between the temperature and time of

wood pellets with a 5 cm vessel at 168 ‘C when the
flow rate was 0.5 NL/min.

20x20x5 cm
(INL/min)
400
S
T 500
E
m
]
. 200
5
@
Sampie temperature
100 —-—- Ambient temperature
-------- Setting temper ature
o
o 10 20 30 40 50 60 70 80
Time(hr)
The relationship between the temperature and time of

wood pellets with a 5 cm vessel at 167 C when the
flow rate was 1.0 NL/min.

20x20x5 cm
(1.5 NL/min)
400
S
T 500
E
m
]
. 200
5
@
Sampie temperature
100 —-—- Ambient temperature
"""" Setting temper ature
o
o 10 20 30 40 50 60 70 80
Time(hr)
The relationship between the temperature and time of

wood pellets with a 5 cm vessel at 167 C when the
flow rate was 1.5 NL/min.

Fire Sci. Eng., Vol. 33, No. 1, 2019



184 . HeA - 7)
12 ZA- RS T8 - A
500
20x20x7cm
0 NL/min

400
S
=
E 300
=
E
[
£
o
2 200 L
g - s
@

Sample temper ature
100 —-— Ambient temper ature
———————— Setting temperature
o
o 10 20 30 40 50 60 70 80

Time(hr)

Figure 10. The relationship between the temperature and time of
wood pellets with a 7 cm vessel at 163 C when the
flow rate was 0 NL/min.
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Figure 11. The relationship between the temperature and time of
wood pellets with a 7 cm vessel at 162 C when the
flow rate was 0.5 NL/min.
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Figure 12. The relationship between the temperature and time of
wood pellets with a 7 cm  vessel at 162 C when the
flow rate was 1.0 NL/min.
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Figure 13. The relationship between the temperature and time of
wood pellets with a 7 cm vessel at 160 C when the
flow rate was 1.5 NL/min.
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Figure 14. Relation between flow rate and ignition induction time.

AZF FANA A5 BHAAFE FA7MA] L0l oY
7] w2l WEFEAIZRe] dojx= Aoz AE

4.5 Z&7| 243t x|

W3l rof HYsE B e PP EE W3
T2 Aot Addste] WA 7hsAS AESH] S8l
Zt N g &71e o] WAL EE T3 LS E Frank-
kamenetskii®] Parameter 2] (6)C.ZHE] HR7] &3] o
UAE g 4 Atk

2 — F/RT,
E @, a”oA,exp

= KRT? ©

A (6 A =HE 4 (7)0] Bk,

517 AF
C C _ EL +ln Qb O

20 R T KR )

c

In

A77F ©§E A58 7]A & AY Az de w3
AL EE Table 20 VERATE

Aus) B4 AUAE dZa7] s A (Dol

2
In Q}ffﬂ %t AAG 47t BB, In if; < %
o T SAEE Figure 159 7o) A4o] Adojzitt. o]
AnE HaAswoz Felshl H9 e 2o 4 (8)
o 78 5 9t}
N s 1
In- = 7119 — 22.88 X 10" x 7 8)

4 (8)—% 01%‘3]'04 71::]_@_7] %]'/‘éil— oﬂ];];(]_%_ |



|

sl AR e dier g dIF AR

Table 2. Relation Between Critical Spontaneous Ignition temperature
and Thickness in Each Sample Vessel for Wood Pellet

a[m] T |K] 5, lnéca—]; % X 10° (K]
1.5 x 107 | 450.66 20.4907 22190
2.5 x 102 | 443.66 | 0.878 | 19.4378 2.2540
3.5 x 102 | 435.66 18.7284 2.2954
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Figure 15. Determination of activation energy for wood pellet.
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