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Smouldering Temperature of Combustible Dust Layer

T. Matsuda and M. Naito

A layer of combustible dust on a hot surface may ignite if the temperature of the surface is
sufficiently high. Although a considerable amount of experimental investigation by many workers
ilave been carried out, the methdd has not been defined of measuring the minimum temperature, at
which smouldering combustion, rather than ignition itself, occurrs. The temperature leading to
éfﬁ‘oluldering were taken to be the smouldering temperatures of the dust layers.

Temperature—time records, which géve arrival time to the smouldering were obtained on the centre
of the upper surface of dust layers for wood, corn-fibre, soybean protein, cocoa-husk and other
powders. The dust layer was either put on the pre-heated plate of constant temperature, or formed
with cylindrical metal sleeve of various diameters and depths at room temperature and then heated up
’é‘p a pre-determined smouldering temperature. Pldts of arrival times versus reciprocal of the smouldering
femperatures on semilogarithmic co-ordinates were made to compare the smouldering characteristics
with kinds of dusts and heating methods. These representations gave straight lines with slopes,
which also depénded on the size of dust layers in most cases. For relatively small sizes of dust
ia{yers, the frequent occurence was observed of smouldering from the peripheral edge of the layers
with free convection of air, corresponding to the measurement of temperature distribution in the
intérior of the layer. This makes it difficult to correlate to the other facctors.

The other results are as follows. According to the infrared spectrum of heated pulp powders. the.
absorption of carbonyl vibration bands was increased only just prior to the pyrolysis of the layer. The
application of thermal theory to the results of wood dust layers suggests the reaction with apparent
activation energy 30 kcal/mol, which is compared to that of pyrolysis of wood of large amounts. The
charred residues of some kinds of dusts were not brought to surface combustion at their smouldering
temperature. It was assumed that the combustion reaction of the gaseous pyrolysis products did

not occur in the dust layer, containing air at first.
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Fig.11 Effect of width of dust layer for
smouldering of soybean protein.
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Fig.12 Semi-log plot for ignition of soybean
protein dust.
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Fig.14 Effect of size of dust layer for
rapeseed refuse (on the pre-
heated plate)
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Fig.16 Temperature distribution in the cocoa husk dust layer.
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(2) on the preheated plate of 258°C.

27

DREEGIET AT X > TREGKRHEIhDEELH
55, BBy A AR I BENE D Rig VAL, =
DX 5RBITHAL S, FLHEBRATD T4 REE
Fik S0 D RERONDREERE 12 X » TH R
MABEST bW B, RRBROKERmO
BESAIRT IS, REOME» D {5024
THHELRLhENLTHB, Fig 7 12, FED
B (Liem) ©BFHKFEFAOBRSHELRTH,
REON IR BS B L B ZT T, BRI S#E
BERCHENLET, NRORGEAOREBEZOE
BTr—2A3Abhbd, 227 » ~AZ TOHBRBRE

* AV BEBRAORES O
(1) —#FE (290°C)

(2) w=EE (258°C)

BRIAGCEERELZOEETOT, ML, Ko
Lo THEBINIZEE CTHRTCRISBORR R TFE
THZLIBHY 5D,

tDXOR, ARBEACORERZLICL > TRE
% FEREHE & B To < T8 0 REEOBRERME (2
NEE D ¥ CORMEZFERMETATHD) LD
R, HHEEEZ L BRRES ML e
BT ERXY S TRREFR ST TR b, o
DFEDERT 14 A0 X 5P I AR TR, 245
W G DX BRFEBEKEEEZTEL, —E L
THEVEIEMEE S22V 3 CBhbhb, Fhich



on the pre-heated plate.

237°C 250°C

non-smouldering

EEREWRITMERE

RIIS-RR-24-4

with heating-up to the const.temperature.

3 2 1 0 3 2 1
edge em centre

cm

250°C  |min 277°C
43
min.t - 49 -
28 min,
41 26
27 ”' 40 -
39 25.5
37 25
26‘ 35 24
T 30 23
2 2 22
20 19.5
20 /\_——162" ‘
507
10 12
k- to=16.2min. - to=19.5min.
L =1.0cm L =0.5em
1:=015 L.:=0.25
i 1 I 1
0 3 2 1 03 2 1 0

m edge em centre
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Smouldering Temperature of Combustible Dust.
’y T. Matsuda and M. Naito
Research Report of the Research Institute of Industrial Safety, RIIS-RR-24-4,
I~14 (1975)

Smouldering temperatures of dust deposits on a hot plate were measured for
several kinds of agricultural powders,

Results are shown on an Ahrrenius-type basis for the smouldering temperature
ind the time required for occurence of smouldering combustion.
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