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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 method has not been defined of measuring the minimum temperature,at
which smouldering combustion, réther 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
’ép 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.3 Temperature-time records on cool surface of the sawdust
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A : non-smouldering at Tp=259°C

B : smouldering combustion at T,=261°C

C : hot surface of the plate to T,=261°C

Arrival time t=t;—%, (43min)
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Fig.4 Smouldering combustion of sawdust
layer on pre-heated plate and difinition
of arrival time.

EREIC BT 2RABNERREZRL (=2
¥ HARE)

WROBED Thotoo Tinbb, RBHIERDD sk
xh, EHEEER60°CRETRE LAENMEET5,
COWHFIRBFHOKFORIL L B LD T, XX
DREFVHEERE KD, FRBOERR KET
o EDH, RRIKRACHRLET, BECI-T
P PDRSEN A (BHEEOBMKE, ¥, B
W, SV FAFF-AETHIBEIAONTND), T
b BERHET A, COBRETCOREZ/IHD
13, FOBRERVTRERERIGHETTANE 5 kb
BHIEV, BEAEDERE, FIEMTEEDSEN
AR T hREEREERDPERPOCE LI T
SHURRELRR, D TCEFEINBEOT, KFHO
BETIL TSV HEBRIFOREEREOERT X »
THELEBCHNTE L, BHRE FAEI A
— 7B LS, BEJIREERE L B L CRE
ZILETEL WL N, R CHoBIERELD D
L, Whdd “BE” Lo THY (GKE) by
ML, BELRZRT (COWSOBRELEITERE),
RTEVEECEL WAL, BEBOREGEES
MBS TE X HEDOERRE CTHEShBEFER
B TAERCRDD, BRI CRERLARDD
RED LD ek, 26TV EL WS
BRECRENMET L, »ich OB —ERER
BB, Thbb, {THVEENELIRWEET
LRI EOEENR DA HECTHEY L, BEBETE
ﬁ@%@&&&?:&ﬁf%kwo

20X, THYERIBGEI ADOBH &
WEIGBEYERTALDTHBA, VDI TEDHT
WAL TE DRI EGRECEERIECE » B E
BERLTWS, Linl, FRMO MBI ANER LR
& L CBRBHOBE 2B T 5 \THEERH 5 DT,
BEEEREOBRENC I b I, TOBML MR
?5',%%17\;25790
—ERECIE L -ETH AR LBE0R
BEROBEZLIL, Figd ©RT X5l T =
BrbARICHEERA LY S Em2R T 3k
BROBE SO TR—FERT 52, BEBA
TORAL E RO EEEE % BT h i EEM
B, BEBOV A X EBRKRELSEETIENRTER
hbo Lrl, REEEIEENEE LTRENE D
BHEIRE QEADHhDOBERME LEK 1 X12Bg
FRIELABTRECEBFERD 1D T, <THD
BEDOHECE W TIRTCRNERHLOBE ¥
LCUTOBE%ETT -0

3.3 (AT RVEERFLEELORT

FEEROR BT DBRELED 1% Fig3 X004
iR Lich, —Be—RERBBEIRCHlE LicEs
1k, MBAEEF—-ERECELThLABMEE LR

100+
50
40 .
30 o S5
.. Cb’o
~ 20 Qg%o.
g * o 265
= 10 0 o] >;o§%x Sample size
XM AL=0.5cm
© X L=1.0cm
sl a s a OL=1.5cm
Al 2 eL=20
A 2R=6em
3 p =0.233g/em?
9l
108
T (KD
;|- Lo | OO ER TS N N MR
S 1.66 1.70 1.74 1.78 1.82 186 1.90

1 { 1] !

] 1 1
320 300 280

i
260 °C

Fig.5 Semilogarithmic representation of the
results : logf=¢(1/T,), for measure-
ments on the pre-heated plate.
TSVIENHEBEO LI EER
(EEE) -



— 5 —

ARBIND FTORMEZER - CTRIEE o T8
VEBLED, WhOBEEREL WS X 5bD%
EDDLENTELX 5, Fig.3 ©E\T, T OF|ERRY
B %, t=ti—~t RE-TEBHTBHZ LTS, A
% 2 J7C, BEE TS X OBEX L DRE
CHEEZET 50T, Fig.d WRTX5CRIOBRE
LHRMBOERTAOBEMNOFEE L OBEAL TS
(t=ti=t)o T DA TOMBITHEBOELLK X
WEBERHI D Y RRTH, ABSOBEFDE
HOBERMH 40°C Thot,

ZDX S5 LTRDLNBRY FRBO—EHEERL
BT LEBBEE (ERE 6cm) O 3.4 0 FERER &
BE L OBRIY, B3 LTHER DO TR WD T,
FERB 77 7 Ee TS0 BIERM () EE (B
To) OHFHOBER, BT — V= ATDRAER;
7wy b LTRBOMBAIEC L 55— % Dy
T Thiz, ZORER, Fig.5, 6 WRTX 51 logt

min,
200
E]/
100 <t
(+) A a

50 : 8

40

30 7@

,/24
201 - 4
///,/ .@l:o.o
= . o
10 P /; o
- o & 55

s 7 / °o

4 .:5'/ ge

3 o

e
2 o
>o<xx oe
1~
X .

' oe

i} 1 I 1

. | ] I l
1.68 1.72 1.76 1.80 1.84 1.88 1.92 1.196

103/T

Fig.6 Relation between the arrival time
and the smouldering tempetature for
various sizes of the sawdut layers with
heating-up to the const. temp.

B DORK 4 X LFERER, BEEDOR
fh (—HBFAR)

ERRTRBHERE

RIIS-RR-24-4
100

o

S50

49—

30+ /
/A//

51 / 2R L

4 : 8(cm) 1(em)

201,

(295C)-

[ ]
3 " 0:10 2
N 1
2l //// £ =0.214g/cm’
1 To.s | !
0.58 0.66 0.74 0.82
L0 )
T
Fig.7 The £(1/T,) dependence for pulp dust
layers. '

A—on the pre-heated plate
O @ —with heating-up from room temp, ;
to the const. temp. :
SN THEOMBFECL B TH50F
I LR EDBIR
& (UTo) DBIRLIEERBHAECRIhD L 5E

b b, Fig.5 RERECKT BEAT, REOEL
L BT Y FRHBHID L, F— X EICERET
CEDBHRD, —HMARIRLHEL, Aoy 2
C Lo TEREDHE I D INR VAR AS Y%
FTHs (Fig.6), 270°C LI FOREERC S L 2R
HEOBEDEROEE L ST 5 ORELh B, M
CEBRTZ T, WTFhRe LT A7y F k& v
ZZT, ThbORY FRBOER ) KR Sk
(200 2 » ¥ L BTF) ©2oWCR UL 5 7B %, —
ZORBT A ARBNTHE LI 25, Fig.7 0k
SRMBITEDBCC X » TTh ZhEHBFR LY 2
oo TOXSTHEHRHELER & Bbh 58T
i LVCERESLDOCUTOL TRV RGKES
BHEBELOBRY DL 3 hFRCIT R 5FTRLT
5#,_h#—@@ﬁUﬁk?%ﬁn$mt@m%#
LEHLMNTHA S,

34 {¥8YBEEMOER

LD logi~1/T, BERTDF — ZEREE T
MBEHEDENC L) Rics e o0EHENEL bR
i, THRELRO X 51 7.8 0 FERLEOEED
G1HeEB 0L Bbhb, MEHN—KTHRE

FRCRERE T —HABE IR HE T, ALY



RERGERBO TH5VERE

TEVERECRWCE—DRERMY 525D T, &
DOEEFR TR o0MBFEIR LD LELTX
Vo

Fig.3 oBEME X A, SERMOBE (f)
BETOBEEFRSORFICH - T, IR
OERER X » TET %, FIERENMEWE, %
11 Fig.4 b bERMBDHEDHRA () WS
&, t=t/ LI DREDFLET Do o T, fLi—h' D
EFEIEL, Fig.6 BRI U7 OEBROMEE DZELFHH
LEBEEREL bR, BHZRREL D, FREME
OEED, TEMED X 57ihm () 5D EERRE
ERDFT -2 Twy b THL, Fig8 0 X 51—
DF — ZFEBNT—EDEHE X OERYF L% &
h#, chETHI L Figbk X6 0ER, AR
B X AEHR L KT L, Fig.8 KR TE&ERTR
TIoR, WThb—BTRETLHERCD D, 20D
&AL, #270°C oL THEVEBEECHELTH, —
%, ThiVEWEE IR0 X 5 CEREDER
'—‘ﬁk’x—'lofi‘b?}hégﬁﬁo, <ty XiricB 3
@, il ty RIBEAE—HTHEERLTUS, T
MITINBWR O HBE N L THEB O 1 XK E
QI D TETBARENET LR X ST, LhikETS
BEIAERCE, XIEL DD EDTHES 5o o
T, TOX BB TOAEL XU Fig8D X SinEk

100

b
e
e
//
50— . ///

40 -
LA
= S i
30 daa m_a-g/%g@/// i
?20 A o o6 ‘g’"o // / !
g 40 L 4 i
It — T :
re / i
rd p !
10 Pl / ‘
S |
-7 / !
5+ i '/ !
% E
/ ;

7 [ s l

1.64 1.72 1.80 (270°C) 1.88

10% roret
0 )

Fig.8 Reciprocal of the smouldering tempe-
rature versus arrival time, which
is defined tentatively as f=t;—f,’ in
Fig.3
—WABR BT B2 A Y FBED L T&
D FERME, =41 (Fig.3) &L
TBEDER. AL Fig.6, 7Twefks,

1.7 1.8 L%
T UL B B N 74 M 0
S . £
mouldering o S
70
° i{o° ’_: 1000
sec ° /0’ N
* o
og of o —1500
20l % of -
(<X T
o [}
&o, .
10 )4 e ]
OO L1
O », g
| S E
sl 0o ° A % . -~ 100
4 e’ 3
e .. =
8- aolv,d —50
2 o ‘b‘ '.. sec.
. o :’.{ %
®, L]
% C| Ignition )
1= oo L 4601
£ o
£ o
, /. P -
0.5 . . p \Q’%//%
il £ w03 2 & X
/ g PR
b
4301 x o
non-ignition
L1 L1 ] .
100 300 mg
Ignition Sample weight
0 P [t | | I I I | f

1.26 1.30  1.34 1.38  1.42 1.46
102/T

Fig.9 Comparison of smouldering with ignition
temperature and time for sawdust.
FEKBE L T8 RE S L ORI M
(= 2 Y FKE)

AL, BESELEOHWED S, L, —HAE

IRLBEOSTHEVEERFH & LT, fiesiric

X SR MBERES—ERECE LR ARBAL L

T hihs, BEOEZFE L THBETHIZEY RIS

Bbhsh, ZOBE0MBITECARERLER

PDERLNS, Bk, {THEYVEEOREMEDT,

ThOMBIER L » T 5°C LT U THERE

BRI o1

3.6 RKEEELOLE

Wb A AR RO KRE L1, BLA - ZEBX
BAWOSRER & DBEMIC L 2RKPBEINLS
EOEBMBELERT S LBbhas, FTRMERE:
W LIREG DR KRE & RIERTEDT, X Ed
DEIBELYIETHFELRETHS 50 LL, &
DX 3 HEREFCDONTEHRY BB b o 1272,
COBERRFT T AB=EAT 5 A2 (B8 250ml) ©
ESCHaERp 2 BA UCREN ek kB & %850



T, WhPBHHEL LTI BB L TR
REEGEDOFNERBEE S = L R TED, Tith
b, KYFHERIEEEECEFLT BHLL0—
L EB IS BET IR CTIRE S BT AR R4

C o, Mo X, BENTE LTORERRSIFC

hH 5,

K IR ORER KRE (440°C) ¥ 52 58 E
13, ¥ 100mg Th- 70T, ZORBBETHREOR
ADDRKECOENEELEE L OBREHEE L,
Fig.9 DRERrRDdIco BHNARRAEE, 1) o
BEHREN 7 7 A2 NCED, BEIEREIILEL 50
EhD o teh’, EhTHMRAREE R - Wiie &
DF— R LT bW, KEWASAFYFER
Fo ZDX 3R KRE L BIEEOENE 777 1
BT HERTE, —BCEFBEARTRENBN, &
DOBREDEBOEX I —MARCRT TS HEE
L FOEEEBMOR UL 5 mBfRERLTEROHEE
LBLAE—F LI, 2T, Fig.9 i, <T80
BECLBT AT —Z oAb TCERTIRLEED D
2, ThLOEAKDWTL, ECRHSLETSHS
50

3.6 BREHHFEOLTSY

32.6.1 TA—=r T 7413 —

ChETORBRKRY VRO LTk
DT, {THEVREROBEGREEXK G T L5
2B, BEOBERC X -» UXSET A0k E, £ED
REEBREYERTIODORD B, 22—V 7743
—BERT DX S RSBERMETR LT, Thi—
FOEEREACERBIKEXETH, WhbREHR
WEOEEHRECILELEWBERS VRO
Hole TOHBELERARY 4 XOBERE CORER
IbxRFE LY, <THEIVEFHTIRESITK
IHARBOBED X SCEWM DD TR ed ot L
PLBEDIY L LYV IEZICRD B Z EBRHFR T,
B OREEIL, 100 2 vy Y HUTOHWLOTHS
T, BFHRIPRRCE Y Fig 10 ikERkes
G5 TS BEEREERIETa -V 754 3-0D
HWEOHELRTR LILLDTHb, T—XIXELhD
DTHBHH, HONTHREDOKRE W DR, ZERFH
BREL, L0k nESECEWCEROME
XFELVWCEERLTWS, Thbb, hbof
E BRI REN R RECBEET S O ThIuE, B

R B & B R

ERRLPEFRHERS

RIIS-RR-24-4

100+ e

}y o
[ ] O,o
501 oo 0°
40 30~50mesh pd A/&50~100mesh
£ ' adyd
e 30 x v
ey / Woereree L=2.0cm
20_ QO @roeres 1.5em
x A SL T 1.0cm
10 L 1 1 1 1 )

1.66 1.70  1.74 1.78 1.82 1.86
103/T

Fig.10 Effect of particle size on arrival time
for cornfibre dust layer. (on the pre-
heated plate. 2R=6cm)

2V T A RA-REORER X Z>§|J
EREZ (BRE)

BORECh ) IR —E LR PEER LT 5L
ELZHERTEL S, itB, BEROKSTEEERD
WTh, 0K SIBIRATHTES T a%owmx
T,

3.6.2 KE¥i84

Fig. 1] AT % v X7 BB TEENLL AR
LRBAEDLTHEVIRE LB ERBCOWTD LD
L5 RFRTH Do ZOBARIE, REOV 1 XX
5 TCEDH L B EBOEERRT, = OFBHE
RIBHEENRL, Hox VA2 BOBRERZE LA
BETH B, <THYREKCE DR OGEER

min.
50 |- -
/O/
/ X
o g /
&X
10— //
X
L i“/
x
X >3(/ 2R=6em
o L=1.5em ©
J L=1.0cm X
/ L=0.5cu ®
1__
| ] 1
0.5 1.8 1.9 2.0
102 /T

Fig.11 Effect of width of dust layer for
smouldering of soybean protein.
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protein dust.
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Smouldering Temperature of Combustible Dust.
oy T. Matsuda and M. Naito
Research Report of the Research Institute of Industrial Safety, RIIS-RR-24-4,
[~14 (197%)

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.

(1Photo, 17 Figures, 14Refs.)
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