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Critical Ignition Temperatures of Wood Sawdust Layers
by Takashi KOTOYORI*

There exists many research reports on various aspects of pyrolysis and combustion phenomena of wood

or woody materials. Instances, however, have been only a few so far where the critical ignition temperatures
of bulky stacks of wood sawdusts were measured actually. As for that point, the works by Akita? or by
Gross et al?, and lately by Anthony et al.®, by John® and by Schliemann® are quite precious.
" In the present work, critical ignition temperatures of fifteen species of wood sawdust layer, assuming each
to be stacked in hot surroundings in air at normal pressure, were estimated with an adiabatic self-ignition
testing apparatus (called SIT) following a procedure. Both apparatus and procedure have been developed
at RIIS. _

A detailed description of the apparatus has been presented elsewhere®. So the procedure to estimate the
critical ignition temperature of any self-heating substance and the results obtained when the procedure was
applied to wood sawdust layers are mainly described in this report.

An equation [eqn. (2)] holding for the self-heating process under an adiabatic zeroth-order assumption is
first shown. Then a relation [eqn. (9)] between Frank-Kamenetskii's critical condition for thermal ignition
and equation (2) is derived. If we use eqn. (9), we may dispense with direct knowledge of the individual values
of molar heat of reaction, apparent activation energy, frequency factor, thermal conductivity or specific heat
of the substance, so far as the calculation of critical ignition‘temperature is in question. The only data required
to estimate the temperature is the thermal diffusivity associated with the material, besides data obtained with
SIT.

Wood species tested are Telaling (a sort of the Southeast Asian arbor) , Meranti (ditfo), Sawara cedar,
Japanese cedar, Japanese red pine, Japanese cypress, Zelkova, Paulownia, Western red cedar, Douglas fir, Port
Orford cedar, Alaska yellow cedar, Western hemlock, Sitka spruce and Eli ayanskya (a Siberian arbor).

Wood chips are pulverized on an ultra centrifugal mill, and size-graded to 35~60 mesh by sieving.

Measuring conditions are as follows: sample amount, 300 mg; sample container, silica cell (ca. 2 ml) ;
starting temperature, 150~178°C ; the SIT apparatus is left for 270 minutes at the starting temperature in
‘nitrogen atmosphere, to remove all of the moisture from wood sawdust and to establish thermal equilibrium.
The other measuring procedures have been described elsewhere®.

Main conclusions are as follows:

1) The oxidative heating process of wood sawdusts proceeds, showing an almost linear temperature rise
. rate which varies with the starting temperature, at temperature ranges up to about 180C under adiabatic
conditions.

2) The relative liability of wood species to heat oxidatively is scarcely recognized by thermal analysis
such as TG-DTA, meanwhile it can be clearly distinguished from one species to another under adiabatic
conditions.

3) Assuming wood sawdust to be stacked in a form of infinite layer at a thickness of 60.96 cm (2 feet),
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the critical ignition temperature is estimated to range from 118 for Zelkova to 142°C for Sitka spruce. Zelkova
and Western red cedar afe relatively easy to ignite, meanwhile Sitka spruce and Western hemlock are relatively
hard to ignite. Paulownia may also belong under a category that is hard to ignite. Douglas fir and Port Orford
cedar are medium in ignitability.

4) The critical ignition temperatures of wood sawdust layers estimated by calculation, following the
procedure developed at the RIIS, agreed in the result reasonably with a few real data observed on wood sawdust
stacks of similar sizes. So we can say that the procedure is applicable to estimate relatively and quantitatively
the ignitability of any stacks of wood sawdust, at least.

Keywords : Critical ignition temperature, wood sawdust, self-ignition, thermal diffusivity.
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Fig. 3 Adiabatic oxidative heating loci of Port
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Fig. 6 The entire In 4t vs. 1/T plots for fifteen species of wood sawdust.
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Table 1
temperatures

Adiabatic experimental parameters of slow oxidative heating
of 15 species of wood sawdust, when stacked in a layer, 60.96 cm thick.

reaction and critical ignition

ISEEOARB O BB RBRICICBT 535 4—2 L, FhbH HE60.96mIcHEL TWB L

RE L - anBFARERE

Wood species a b a *E *po T. (°C)
Zelkova 11,899 —23.838 0.14 99 0.279 118
Telaling 13,736 —28.379 0.15 114 0.214 119
Western red cedar 12,487 —24.936 0.16 104 0.153 124
Sawara cedar 12,536 —24:994 0.16 104 0.173 125
Douglas fir 12,430 —24.474 0.14 103 0.197 127
Meranti 15,998 —32.881 0.15 133 0.185 130
Port Orford cedar 13,906 —27.9350 0.17 116 0.138 131
Japanese cedar 13,944 —27.994 0.18 116 0.145 132
Paulownia "13,110 —25.887 0.17 109 0.173 133
Japanese red pine 16,483 —33.656 0.13 137 0.253 133
Eli ayanskya 14,478 —28.882 0.16 120 0.138 135
Alaska yellow cedar 16,124 —32.765 0.17 134 0.138 136
Japanese cypress 17,644 —36.123 0.16 147 0.131 138
Western hemlock 16,505 —33.267 0.17 137 0.131 141
Sitka spruce 17,092 —34.517 0.17 142 0.131 142

Reference data

Mixed hardwood sawdust3’ , when stacked in a 61 cm cube, but i.n cool

surroundings,

Kiefernholz (German pine) sawdust?’, 5)
diameter,

, when stacked in a sphere, 1 m

0.178 135(obs)

0.125 130(obs)

* E :the actual unit of E is [k] mol!].

*

o . the actual unit of pis [g cm™]
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Table 2 Critical ignition temperatures of fifteen species of wood sawdust when
© stacked in a layer, 20.32 cm thick. '
IS NKRRH R 220.32mI L TV 5 L{REL-IEESOBF AR

FIRE
Wood species . °C
Telaling- 147
Zelkova 151
Meranti 155
Western réd cedar 157
Sawara cedar 157
Japanese red pine 158
Douglas fir ‘ 160
Port Orford cedar . , 160
Japanese cedar 161
Japanese cypress 162
Alaska yellow cedar 162
Eli ayanskya 164
Paulownia ' 164
Western hemlock 166
Sitka spruce : 167

Table 3 Exothermic initiation temperatures T;s of fifteen wood species,
determined by calculation, when we define each of them to be a
“temperature at which each wood sawdust sample shows a temper-
ature rise rate of 1(K/day) under the experimental conditions of
this study.

F4h' 1 (K/day) WA RBEELTRTRELERL B8 I5EE
DABORBEBE T, &

Wood species i C
Zelkova : 107
Telaling 110
Western red cedar : 112
Sawara cedar 113
Douglas fir 116
Port Orford cedar . 119
Japanese cedar 120
Paulownia 120
Meranti 123
Eli ayanskya 125
Japanese red pine 127
Alaska yellow cedar 127
Japanese cypress 131
Western hemlock 132

Sitka spruce 134
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Critical Ignition Temperatures of Wood Sawdust Layers

by Takashi Kotoyori

Research Report of the Research Institute of Industrial Safety RIIS-RR-85-4, 33~44
(1985)

Critical ignition temperatures of fifteen species of wood sawdust layers were
estimated with an adiabatic self-ignition testing apparatus following a procedure. Both
apparatus and procedure have been developed at RIIS.

Assuming each wood sawdust to be stacked in a form of infinite layer at a thickness
of 60.96 cm (2 feet), the temperatures were estimated to range from 118 for Zelkova
to 142°C for Sitka spruce.

These values are in reasonable agreement with a few real data observed on wood
sawdust stacks of similar sizes.

(6 figures, 3 tables, 11 references)
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