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S_umma.rx

The smouldering of powdered cocoa, grass and cork
has been investigated; these powders are industrisl hazards
because of their liability to produce dust explosions, The
dusts were formed into amall trains; smouldering was then
initiated and its linear rate of propagation measured, The
minimun depths of ftrain necessary to sustain smouldering
were alsc determined, in some cases they were very small
(2-3 mm), Experiments with trains of cork dust supported
upon metal or asbestos showed that the burning time of the
dust was not moasurably affected by the thermal conductivity
of the supvorting mse,

Smouldering in all the dusts was initiated easily by a
cimnrette end,

1 Introduetion

This note describes further work uwpon the properties of smouldering
in various combustibles; previous ?3cperiments upon becch and deal saw-
dusts have already been aescribed.( It was found in these carlier
experiments, which were caorried out in still air, thnt no appreciable
effect was produced upon the rate of prowmgation of smouldering in trains
of sawdust by changes in packing density, moisture content, particle size
and size of train, provided that the train depth wos greater then o certain
critical value depending chiefly upon the (prticle sizey If the train

. Goyth were less than this critical velue no sustained smouldering occurred.

The work hns been extended to include the investigation of certain
industrial dusts which represents a common industrial hazard, because
of their liability to produce dust explosions; the main purpose being the
dstermination of the rates at which smouldering is propagated, if at all,
and the minimun depths of layer or train necessary for its sustenance.
Such information would be of value in both the investigation of fires in
buildings etc. where these dusts could accumulate and in the consideration
of the develomment of dust explosions. It is possible, in some cases,
that the production of smouldering is an intermediate stage betwcen ignition
of the dust and the propogation of an explosion,
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Ce Experimental

Samples of six hazardous dusts were obtained from the Safety in
Mines Research Establishment, Buxton, and preliminary tests showed that
thrae dusts would not supnort sustained smoulderlng, these were:
aluninium stearate, a phenol-formaldehyde resin and starch, The
aluniniun stearate and the resin melted to clear liquids, the starch
charred but also pmrtially liquefieds FExperiments were therefore
restricted to the three remaining dusts (cocoa, grass and cork) and
they were carried out in still air at room temperature,

The rates of smouldering of the cocoa, grass end cork were measured
uron the unsieved dusts and additional experiments upon a range of
sieve fractions of the cork dust were also carri?d)out. The moisture ~
contents of the dusts were detecmined as before and are given in
Tables 1 and 2. No experiments were carried out upon oven dried dustsg
and the paclking densities given below are calculated for the dusts as
received,.

Iablo 1

Moisture contents pf unsicved dusts

Dust Moisture content %

Cocoa 6.0

Gross 8,1

Cork 7 2

Table 2
Mo:sture contents of sieve fractions of cork dust . -
" Sigve frockion | Hean jarticle diaretcy | Moisture content

k BISI . Cm. i %
125 - 60 0.042L, 5.6
72 ~120 _ 0.0168 . 745
120 =240 0.0095 7.5
thro' 240 £ 0.0066 . 7.8

The apparatus and experimentsl procedure used in the determinations
of the burn%?§ times of the unsieved dusts were the same as those used
for sawdust trains of the dust were formed from a series of moulds
(A~F, see Table 3) upon a previously dried asbestos millboard base,
smouldering was then initiated by a smell gas flame and the mean time
of travel per cm, was faken as the "burning time", The minimum depths
of loyer necessary for sustained smouldering in theo three unsieved dusts,
woe also determined as before by using the wedge-shoped moulds (Y and 2Z),

The effect of wariation in the thermal conductivity of the material
uron which the trains rested was also investigated: {rains of various
sicve frctions of ithe cork dust vicee urnnrtad aither upon asbestos
millboard or upon a lerpge meisl block znd the busning times measuraed,

" The metal block consiasted of several iron slabs covered by a duralumin
sheet., Additional experiments using the wevcl tasa-plate were performed
with trains formed from the smller Wedge would (¥).

|

A1l experiments were carried out in o Qrauch®-frec fume cupboard,



4 Results

The smouldering observed in trains formed from cocog, grass or cork
was similar to that obiained with wood sawdusts thus the trains
which sustained smouldering propegated combustion steadily and the
division between the burnt and unburnt parts of the frains wag distinct
and easily visible, All the dusts formed trains which could be ignited
by a gloving cigarette-end,

Cocoa .

Smouldering was propagated in powdered cocoa at an even, but very
slow, rate; the measurements made of the burning times (min/’cm) are
given in Teble 3. The mininum depth of a Ihyer of tie dust necessary
for sustained smouldering fo occur was also investigated and the result
is ziven in Table L.

The smouldering of cocoa was accompenied by the evolution of a dense '
white smoke which could be momentarily ignited by a small gas flame;
however, attcmpts to propagote fleme in o small closed vessel containing
the smoke were unsuccessful, possibly because of the condenscotion of
srioke uron the wallse It was also noticed thot the earbonised residue
remeining ofter the propagetion of simouldering broke up vertically into
irregular hexsgonal columns, separated by gaps of 1-2 mm, whereas the
wood sawdust had produced a friable carbenised mass,

Table 3

The burning times (min/onm) of <rains of unsieved cocon, gress and
~cork resting upon asbestos millboarad
A

Mould A B c D E F

Verticel depth along | 0.30 | 0.,80( 1,00 | 1.65 | 2.40 | 3.70 :
centre of mould em - :

Burning

Ti[ne CQGO&. 11sSe NeSq ntSoq 18.9 17.8 -

{(min/cm)

11;-2 5.2 =

|
|

Grass | 24 242 | 245

| ! .
Cork . n,s. | 244, 2.7

FR F— D

2.6 3.2 1 2.9

Packing densities: Cocoa: 0.50 gm/ml Gress: 0.28 gm/ml Corks O.10gm/ml

Notes: n.ss ='Sustoined smouldering not supported" - = "not determined®

* Combustion zone verdered to side of train and extinguished.
Grass

Measurements cf the burnirng {izes of treins of gress dust are given in
Table 3 and the minimun depth of traian nnesssary for sustained smouldering
is shown in Tabloe 4. The smouldering sipgdn~ of grass gave smoke and ash
- similar in appearance to those formed tre.. wood sawdust,
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Table 4

The minimum depths of Byer necessary for sustained smouldering in
various dusts.

! J?acl:i.ng density Minimim depth.
Dust gn/ml Base | for smouldering
Cile

Cocoa Oulib Ashestos) 0.9
Grass - T 0.28 " << 0,2
Unsileved corks 0.10 oM 0.5
Sieved cork: 25¢60 B.S, |. 0.10 " 0.7
woHoon 0.10 Metal 0.8

thrthﬂB 54 Oe13 | Ashestos 03

" 0.13 Metal 003

Unsieved cork

The experiments with unsieved cork wore similar 4o .those upon cocog
and grasgss dusts; details of the rosults are given in Tables 3 and 4.

The appearance of the smokc and ash was asain sinilar to those frem wood sawdust,

Sieved cork

The burning times of the trains formed from the various sieved frac¥ions
of cork dust are shcwn in Table 5; results wero obtained from trains
resting upon either asbestos millboard or metal. The mininum depths of
iredin necessary for the sustained smouldering of two sieve frmstions of R
cork dust arc shown in Table 4; determinations were made with trains resting
upon both types of basec, '

The wandering of tno combustion zone in treins which sustained smouldering
with difficulty was investigated in more detail after the zone in a train
of the 25~60 B.S. siove fraction hnd extinguished itsclf at the side of the
train, 'A layer of the dust was formed cvonly, to a depth of 1.0 em, over
the metal basc block; the top sheet of metol and the dust loyer, aftor
smouldering was complc’ccd arc shown in Plate 1 (loft)e The critical
"depth for, sustained. smouldering in a layer of this dust wes shown carlier
%o be 0.8 cm. (Teble L). Smouldoring woas initiated at the centre of the
side nearcst +th centimetre scale, the combustion zone immediately
divided and the left-hond port:Lon cventually iravelled the whole length
of the .layer, with further divisions at several points, before roturnlng
nleng the left-hand side, A similar cxperiment with a layer 1.9 cm in.
dopth is shown in Plate 1 (risht) but in this case, after ignition, the
combustion zone spread uniformly across the layer and persisted until most
of the dust was completdy carbonised,

The burning time of the cork dust in the shallovwer layer was
approximately cqual to thot for more uniform propagation in deeper trains;
however, es wandering of tho combustion zone occurred, the time for which
smouldeoring persisted in o given length of the shallower layer wos greater
thao in the desper layer,
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Teble 5

Sorring times {min/em) of treins of sieved corlt resting upon an asbestos_or metal bass

R ]

C——

™rains from mould:

e e S A A\ A" 8 ¢ O B e el e e ——— 4

A B C 0
S St - —= .
hleve f{action'Packing density | . sbestosllietal |Asbestos! ietal | isbestos |tietal | Asbestos] Ketal
B. 3. gm/mi ;
- ﬁl e, — i\ -
25 - 60 0+10 - P - 2.0 n.s 346 n,s 2*9 3.0
0 - 72 QG - - -} - 2:6 2:7 1 - -
72 - 120 - C-10 o2y ] 2 21 21 - - - -
120 - 240 0+ 10 2.0 I 1.8 21 2.1 - - - -
thro' 240 0+13 2ol 2:8 | 20 -} - ; 22 | - - -
i ; J[‘ i \ i

L. Discussion

The buraning times of powcered cocoa, grass and corl, given in Tables
and 5 are of the szme order as those chtained with beech and desl sawdust 1),
The finest fractions of these lasier dusts geve values for the burning time
of & - 10 min/em and 4 - 7 min/em respectively; thus 21l fractions of
cork dust smouldered at slightly foster rates than the wood dusts (2 - 4 min/
cm) whereas the smouldering of cucve was ccnsiderably slower (18 min/cm).
In general, however, the vroperties of smouldering in cocoa, grass and cork
were similar to those in wood dusts; whus verisiion in size of treoin, or in
particle size of the sieved coriz, produced no appreciable effect uson the
burning times. Smouldering iu larger treins of gress dust apneered to be
somewhat slower then in the smaller trains {Table 3), but this effect was
not investvigeted in more detail, The substitution of metal for ashestos
as the material upon which the trcins rested sroduced no detectable effect
upon the burning tives of fractions of sieved cork (Table 5). Aas
duraiumin and asbegtos have widely dirfering thermal conductivities
(0*3 and 0.3 x 1077 calfcn/sec/°C respectively), and as no effect upon
the smouldering was observed, it is probable thei the burning tiwe of a
layer of cork dust upon any metal girder will not differ grectly from
that of a similer layer upon & wooden beam.

A further point of resemblance between the smouldering of cocoa,
gress and corik, and that of wood sawdust is the existence of criticel
denths of layers of dust necessary for susteined smouldering to ocecur,
The values for the different dusts, given in Teble 4, cre in some cases
remariably low; however, they are consistent with the results given in
Tables 3 ond 5, The criticel depth of powdered grass was less thon
0*2 cm and thet of the fiunest corl dust wes only 03 cm; it thus
follows that even a thin denosit of these dusts resents a smouldering
fire hagard. There is some indication in Tcbles 4 and 5 of the critical
depth increasing with the thermal conductivity of the base upon which
the dust loyer rests; but the effect wos only sliight and it wos not
investigated further. ’

Smouldering in layers oif dust slightly deeper than the critical
value may contimue for longer vericds than in lsyers of grectver depth.
This is a consequence cof the comousilon zone ndt exvending laterally
in the shallow layers, but remcining & nerrow band, and wondering ot
rondom throughout the layer; the distence treveiled by the combustion
zone thus moy be greater than in deeser laysrs iii which smouldering
extends more widely. As the burning time is approximetely independent
of the depth of the trein, smouldering in shallow leyers woy therefore
outlest that in deeper leyers which cre otherwise similer,
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It is noteworthy that smouldering was easily initiated in all three
dusts by a glowing cigarette-end; the possibility of producing smouldering
with other weak scurces, such as friction sparks, needs further investi-
gation; 1t is important because iv mey be a direct cause of some.dust
exolosions, Future work upon the veriation of burning time with drought,
end the tronsition from glowing to floming in these dusts, is also plaonned.

5. Conclusions

1. Cocoa, grass and cork dusts, formed iato trains, will undergo
sustained smouldering in o similer mermer to wood sowduvst, Experiments
with a range of sieve fractions of cork dust showed thot the rate of
smouldering wes not meterially cffected by veriations in oerticle size
or the thermal conductivity of the base upon which the trains rested,

2. If smouldering is to be sustained, the dust layer must be
deeper thon a certein critical volue, With some dusts this minimum
depth is small (2 - 3 mm). '

3. Smouldering in the three dusts was easily initiated by a
glowing cigorette-end,
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