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SMOULIZRING IN DUSTS AND FIBROUS MATSRIALS

Part IV Jute Cloth in Still Air
by

K. N, Palmer

Supmary

An investigation of the smouldering of jute has been
made with particular regard to the development of fires
involving this material, such as storage fires. The rates
of propagation of smouldering in several types of Jutc cloth
have been measured and vere found to depend chiefly upon the
weave and condition of the material, direction of propagation,
and number of layers of cloth undergoing combustion, It was
also found that smouldering could casily be initiated by a
glowing cigarette end or a similar small source of ignition.

Practical applications of these results are discussed,

Introduction

The importence of smouldering as an industrial fire hazard has alrcady
been di?cusied in earlicr reporfs concernced with sone common combustible
dusts. The results of experlmcntq described in these reports showed
that slow smouldering could occur even in very shallow layers of dust and
that its initiation could be effected casily by a glowing cigarcite end.
Apart from dusts, however, there are other materials of general industrial
usc which are combugtible and may, therefore, support smouldering,  Ainong
the mest common of these latter materials is Jjute sacking; +this is
extensively used in both {ransportation and storage. The origin of fires

- in materials stored in jute sacks is often obscure; in many cases the source

of such fires has been reported as spontaneous ignition of either the stored
materials or of the sacking, As gupporting evidence for this supposed cause
was frequently scanty, or even non-existent, the origin of these fires was
only occasionally established with any degree of certainty,

Recently the problem of storage fires in certain oilsecds (palm ke{nels)
contained in jute sacks has been the subject of several investigations;\3,%4

a considerable amount of experimental work was carried out upon both the

seeds and the qacklng in order {to determine whether sponfaneous heating and
1gnlt10n were the prcbable causes of the f"ﬁeﬂ The cxperiments showed

that, wihile sponfanziovs heating up %o B2 U1 Geuwid cocur in these materials, no
evidence was obtained in vhe latcratory of tue furiher heating necessary for
sponbancouy ignition vader the conditions of stcmge in this count in view
of these conclusicns tnc alternative suggestion was put forward 35ythat the
fires resulfed from slow smouldering of the jute sacks, initiated by an
extermal source of ignitiem, This was supported by the obgservations made

upn actual stacks of bagged oilseeds which were not seriously damaged by the
outhreaks of fire; these observations showed that charring tended to occur

in small well-defined arcas within the stack ("hot spots") whilst the remainder
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was comparatively unaffected, ~If the ignition had been spontaneous,
wldespread heating would be expected throughout much of the stack
accompanied by charring near the centire, The actual behaviowr of the stacks
was therefore closer to that which would be expected if', for example, a
small source of ignition were introduced into the stacks during the

building operatdons; if smouldering were initiated in this mamner it might
continwe for a long inteirval before it was transformed into flane.

If {the smouldering had proceeded unnoticed the production of f'lame would

then appear to be spontaneous. '

Furthermore, if spontaneous ignition does occur in materials stored .
in Jute sacks, the production of amouldering will most probably be the
first stoge of the ign”ticn. Tpe subsequent developments will then he
similar, irrespective of whether the fire was initiated sponianeousy oy ;
by an external source of igniticn,

If the occurrence of smouldering is %o be considered as a possitie
ipitiol stge in fires in bapged materisls, it is necessary to know the
anproximate rate of propagation of smouldering in the Jjute cloth, The
experiments described in this note were therefore chiefly concerned with
the measurement of the mtes of smouldering in several fypes of cloth in
common uses The effect of the weave and weight of the cloth was investigated
initially on the mterial as received from the manufacturers; attempts
were also made to simulate wearing in the original cloth by both washing
in boiling water, which expanded the threads and loosened the weave, and
by rubbing the cloth with a wire brush, which mainly raised a nop on the
moteriale Experiments were also carried out upon the clean cloth in beiih
new and "worn" conditions to obtain a measure of the ease with which smoul dering
cou ld be initiated,

Since, in practice; the continuwal use of sacks xzrulvs not only in
wearing but also in the soiling of the cloth, a study was made of the effect
ot the smouldering rote of impregmotion of the cloth with various combustible
0ils; the effect of the additi-n of water to the cloth was also investigated
for cornrison.

411  the experiments described in this report were carried out under still
air conditions, .
. Exverimental

Moterials Three siecimens of new Jute cloth differing congiderably in
woipght and weave were obiaineds Some characteristics of the cloth are given
below in Table 1. ’

Table 1

Details of the Jute cloths, in the condition as received.

Cloth I | 1II | I

Weave Twill| Twill Scrim

Weight por unit area 0,077 o,oui.l 0,016
g/ cm?

No. of warp threads

(ends) per inch 38 21 10
o, of veft threads 42 10 .
(picks) per inch 12

|
Thicloess M, 1,20 | 0,67 1 0,56

~— -t

Moisiture montent % ¢4 | 843 Je5

l,-
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Cloth I, the heaviest, was very closely woven but was not as thick as some
of the coarsest iyves of sacking: cloth ITI, had o very open weave and
wms Yypical of the lightest material, Cloth IT was of intermediate weight
and weavge

Tle oilz uscd _up\ the experiments upcn impresnated Jjute were: transformer
oil (flzeh point 295°F), kerosine, and oleine (94F free fatty acid), Further
experiments were carried out upcn cloth dmpregnzied with distilled waters

Erocedure In the experimsufs vpon the cloth in oto oripinel state, without
treatmont, the mmlerial was cut into resionguior pisces and fixed in a metal
support; the mmber of leyeis of materind was wried in a ceries of experiments
and the cloth was asrriirced so that smovldering eililer mrropagated along the

varp threads ( icee parallel to the selvedse in dhe crisinal roil of material)
or along the weft, Three sipporis of warious wicths were used, values of
which-are given in Table 2, Support C empiy is shown in Plate 1 and the same
support with the cloth held in yosifion is shown in Plate 2,

Table 2

Widths of the supports for the Jute cloths

Support A B C

Width ane | 4e5 | 7a7 | 1345

Snouldering was initiated by standing the support upright and playing a small
pllot gas flame on the uposr free edge of ke oloth specimery this prevented
flame trevelling from ihe pilct lignt and sirngeing the projecting hairs on

the clothe When a uniform smouldering zone was formed the support was placed
so that snouldering could proragate in the direction required in the particular
experiment (1,30 horizontally or werticslly upwards). The zone was allowed
to travel o few centimeires to achieve steedy propagation before timing was
started; the time of travel was fhon measured at centimetre intervals over

o Ytotal distance of 10 ane If the smouldering had ceased or

if the combustion zone vins consistently nerrowing after this distance, then
the cloth arrangement concerned was classified as "non-smouldering".

Bame experivonts were carried out upon cloth in which the weave had heen
loosened by washing, in order to simulste wearing. The vwaghing procedure
was we follovs:  strips of the cloth were beiliad for 30 min. in vater containing
about 7 iwrowr sruthotie detergent, The vier vias Tosn dueounted end tvhe dlovh rinsed
e, Wsen o hou wiber; these operations were folloved by rinses in cold water.
The strips were then lightly wrung and left to dmin and dry overnight; drying
was finally completed by placing the cloth in an oven ot 100%C for 30 min.

The cloth was then cut infto rectangular pieces, mounted in a support, and the
experiments were carried out in the same manner as with the original material,
During the washing the cloth darkened considerably and the water was also
discoloured, '

Tha al ternative method of simulating wearing was %o roise a nap by
stroking the cloth with a small wire brush made from file carding, The cloth
Was cut into strips, parallel to the welt threadsz, and brusihzd on both sides
along the length of +the strips; care was tiken uot Yo isturd seriously the
weave of the cloth, The materinl wos then cud and mounted in the supports
as before; smouldering was initiated By wsang ol a wirs ealed electrically
to a dull red, The gas pilot light couid not be uusd cg flame easily spread
from it vertically dovmwards, being transmitted by the nape
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The experiments upon the Jute impregnated with various oils or water
were oarried outl upon cleth II, as received, only Tre liquid was apnlied
to the cloth by spl.,!,,.z_ng cr by dropring from a f‘aﬂ Jov es evenly as possibles
the cloth was than roiled and covered for periods im to 32 min, o allow
the liguwid to spread wifowmly. The amount added 4o the

detarained by weigitiag:  velilovwirg tnis tre mbesinl was mu. Al 33 lavan
wors mounted in swowert © ose Aot apovlioring oould wroposats warsilel Vo the
wart threuds;  Smet v”c""lg VRS Gaeh 1..J.L4c~1,r*d by ithe pilot filams:  propas-

grtlon in both tnz hoxizontal cwd the verticolly upward dircebions was
investimpted as bc,.turc.»c

Clean jute gic ._}_ The soildocing Wmes of the <inan dictaz, as roc
Wasﬁ"d, and brushed, are given In Toble 3 and Figs. 1 and 2,  The ;)

are rousrelly hoanet upon sinmic deoterminugtions r‘r,.! gr tub those ahosw
2 (for tha 10'5'11 T‘“r“nvod\ are ustaliy tdw o o o 'me“n"n G Ha
experiment, if die soowldars, ng wWeind SUchflnf'hg ‘nu ooxbus iinn zond a0l CAndnd

g% a uniterm roie end the smouldering time was thorefore indepenisnt ol tioe
dislaros traveliled by the zone, I the number of layurs of cloth wars only
Sust sufTiciant for sustained amouldering, the combusiion sone did nod exwibond
co:r.p'.'.a’cely across tho cloth syecimen, In these casas a margin of wwburas

cioth up Yo £ ane in width vas left at the sides of the supports Iu no instance
Aid a single lzyor of cloth sustain smouldering.

Smouldering could be initiated in the three cloths by emell zourwin of
ignition such as a dull-red,hot wire or a glowing cigarcitz cnd,  Ths cans
of Ignition varied with the nature and conditions of Hie cliaviw, bud s
igniting sources Were invariably more effaciive whan aszbig woaen ¥ashed or .
brusned m terinl,

'm‘ymﬂ"uoa e elndh’ The xesulis of the exreriasnds ugon impregueies cloth IX-
showa 1 L‘ﬂr", '7u’s;. where vhe smouldering he i piotiad “frv..n. & v
"n,,.gl w of hqu:u.d acdel to unit weight of cloil: as receiveds DTurnny the smoule-

fring it was agein fowmd that the combustion zoves advarced at miform rates,
in vothtte hanicorninl ad the vertical positions of the supporis, This wos in
spite of the visible tronsference of oil by rdlstillation frem near the hot
combustion zone to the cool unburnt clolh. The o0il so transferred, hiwWever,
condensed in small globules upon projecting hairs of the cloth and aid not
sme2ad uniformly th.roughout the layers moulited in tho sumorte

The addition of more thon a certain ammunt of liquid to the cloth prevented
gmouldering from being sustaineds The amount of liquid per unit welrhf of
cloth required for this depended vpon both the noture of the 1i qmd and th=
direction of propogetion of mmouldering (horizoniml or vc,r'u:.cal,., Thus, with
a weipght:ratio of liquid to cloth of Ok, sustained smouldering in the vertisal .
position occurred with wmter impregnation but not with transformmer oii,  Alilhougn
detailed investigntions were not underteken it appeered that the chargecver
to non~smouldering in the cloth, with & given iiquid, occcurred abruptly when -
o certain critical amowm?t of liquid had been addsd, alihough the cloth was
still combustiblc,

l_.l.

Discusaicn

The experirenis described above show et the ilwes types of jute cloth
investigated of widely dirlering weighids ani wesves, were capable of under-

go:.no- regular and sustnined smouldsring, MThe i :1 rate of proPagat'x.on

in clean maferial depsndzd upon the charactoristica of the rled H, upon whether
propagetion was aleng warp or weft threads and upon its irestion (hoeszontel
or vertical), and =lso varied with the condition of tw = :'Pm-u a.l Touz £rom
Tchle 3 and Figs., 1 wnd 2 1% my be seen that undsr similar coadimens the rates
of smeuldoring oF  clevh I, the heaviest material, vere loss  Uhen thons

of cloth IT.
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Table 3
The smouldering times of clean Jjute cloths
. ‘ . |Mininum no. of Smouldering
Condition Smouldering|iayers for sustained|time for n Reparks
of Support| parallel smouldering layers i
cloth to (=n) min/cm.
rAs received; A wef'§ b - -
" c " 4 5¢7 8,1 min/em for
_ _ o 6 laysrs _
Washed B " z Saf Lok min/wm for
3 layers
" B wa.rp 2 Do 4% min/em for
e e e 2. davexs
Brushed B weft 2 301 365 min/em ror
3 dayers
1
Waoshed B weflt >3 - -
" B varp >3 - -
Brushed weft 3 645 -
]As received|{ B ! wef't 2 sea Figt ‘-
" B warp 3 see Fig?2 -
Washed - A wef' & 2 245 3,0 min/cm for
3 layers
3o4 min/cm for
A 4 layers
" A warp z 2.5 245 mirycm for
"3 layers
3,0 min/cm for
4 layers
" ‘B welt 2 see Fig1 -
" 3 . Vaxp z see Fig2 -
Brushed B J wett 2 2.3 2.5 min/cm for
J_layers
:;:.'— received| B wefi > b - »
! n ] wa N - =
- ' e A
¢ Uiaghad A wef't s 5.8 -
i * A warp 4 5.2 -
} " B wery 3 b7 5.0 miv/cm for
| L layers
. B warp b be5 - ﬂ
Brushed B weft >3 - -
’As received | B wef't >8 - -
" C weft 10 2.6 -
Washed B weft 6 246 inflamed, see
below,
Brushed B weft >8 - -
" C wefl't 10 2,6 -
ks received | C waft s10 - - |
Werhed | C wef't > 6 - - ﬂ
Brushed c weft > 10 - -

In the experiment upon washed cloth IIT, smouldering vertically upvards, the cloth
cucdienly inflamed after the combustion zone had been +imed over a distance of 9 cme

The

euporinent was repeated but, although the rates of smouldering were almost identical, the

it did not inflame,

4%111 air conditions of all the experiments,

No inflaming was observed with either cloth I or II under the



- -

Direct comperison with cloth III is not possible on this point because
sustained smouldering could not be obtained with a reasonable number of layers
of cloths The mouldering times obtained when proyagation was along the
woft threads were uswally slightly greater, and never less, than those
measured upon smouldering along warp threads, other conditions being identical,
Since the difference in e m;oulriering times was small it was not investigated
in detail; it WL, howmr- 7, to e oxpected since the warp and weft threads
were not equal in number {Takle 1) or diametor, :

Increased rates of smoulc‘.ering vere obtained with both the washad and
the brushed cloths; +he increave was evident under all experimental ccnditions
investigateds Tlese weculic 4-1"*': =te that greator smowldering ratvus #22ld bo
obtained with used n2lo n gaokl: ‘ig chan With unused materialss IV is notowortby -
that very similar smociderinz timoa were measured upon both washad and Tuashoed
cloths, under the same experimental conditions, allhou;h the former clioin wis
oven dried whereas the latter materials had moisture contents as given 1
Table 1.

The effect of impregnating the cloth with various oils, to simulate
soliling of the materiel, was normally to decrease the rate of smoulderings The
results; given in FPigss 4-6, show that the increase in smouldering time over
that of clean cloth was appromtely proportional to the amount of oil added,
As a similar effect was obtained with distilled water (Fige3) it may be inferred
that the oils and woter acted in similar manners upon the smouldering i.e. acted
as coolantse It is therefore probable that wearing and soiling of jute
sacking affect the smouldering time of the material in opposite senses, The
- amount of liquid required %o he added to the cloth in order fo prevent sustained
smouldering may not depend solely uyon the properties of the ligquid but may also
be affected by the characterigtics of the cloth, Consequently it is probable
that if the nuber of layers of cloth were increased or if the layers were of
greater width, and a larger support were:used, then more liquid would need to
be added to the cloth to prevent smouldering,

With all the specimens of clean cloth it was noted that 2 minimum number
of layers of materinl was necessary for sustained smouldering, This minimum
number depended upon the weight and weave of the cloth, the size of the support,
the direction of propagation of smouldering, and the oondn.t:x.on of the clothe
With the cloths investigated, however, it wes never less than two., The
minimum number decreased as the breadth of the support was increased, i.e. with
vider layers, probably because there would be less heat conducted away from
the centre of the combustion zone; the minimum number was also markedly less
with washed or brushed cloth then with cloth in a new condition. The latter
offect is in agreement with the more rapid smouldering observed with the cleal.
cloths subjected to the wearing processes.s From the practicel vievpoint, ths
fact that one layer only of the cloths investigated would not sustain smouldsring .
may not be of preat importances Increased thickmess of cloth is present in
folds and seams and two layers of material must be in contact whenever bags ars
stecked,

The' results also showed that, apart from 2 minimum number of' layers being
required for -sustained smouldering, the smouldering time of a given cloth
increased as the number of Byers was increased (Pigs. 1 and 2). There is,

* moreover, an approximately linear relationship between smouldering time and
nuber of layers within the renge tested; this may be ccmpat'gsl with a lineax
relationghip obtained with strips of f:.bre insulating board, of consiant
thickness, between smouldering time and the retio of .area of cross section of the
corbustion zone to its perimoter. With the Jute cloth the thickness of a
cloth layer is negligibly small compared with its width (Tobles 1 and 2
respectively) and it follows that with a larger number of cloth layers the
area of combustioh zone is increased but not its perimeter, which remains

_sensibly constant,. " The smouldering time should therefore be proportional
£ “the cross sectional area of the combustion zone and, since the width

‘- of the zone is congtant in a given support, should therefore be proporiional
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to the mumber of layers of cloths The results shown in Figse 1 and 2 are
in fair apgreement with this. ' :

In peneral, the ignition of all the cloths Was remarkably easy; thus
srouldering could be initiated without difficulty by glowing ciparette ends
or wire heated fo a dull reds The rapid surface spread of flame over the
nap of brufsl?d 'cloth has been previously observed with actwml stacks of bagsed
meterials and there is thus o correlation between the laboratory processing
and normal Wearing. .

The work described sbove Was undertaken in order to ascertain whether
smouldering could be an intermediate stage in the develoment of fires involvicg
jute sacking, pa.rticuiarly storage fireses It has been shown that sustaiuved
smouldering can occur, and in fact mey be easily initiated, but that its muhe
of propagation depends upon severzl factors involving not only the weave o
the cloth but alse its condition and the effect of the suwrroundings, It is
therefore only possible to make certain broad generaligsations with remrd
to the smouldering time of jute cloth, the precise value of this time in a
particular incident will derend upon local conditionse Thus, from Table 3,
the smouldering tinme of clean material similer to those studied will be 3~6
min/cm, depending meinly wupon the direction of propagation of smoulderings
This time range could, however, be affected by increases.in the niurber of
leyers of cloth, the condition of the material (whether badly worn or soiled)
and by the incidence of draughte. Ip the interior of a stack of bagged
material there mmy be neglipible draught and the combustion may even be retarded
by & self-produced deficiency of oxygens If it be assumed that an average
smouldering time is 5 min/em, then in 1 hr the combustion zone would trawel
about Le7 ine in still air, The totl time of travel along a 4 ft. sack
lensth, say, would thus be ebout 10 hr, assiming propagation along a straicht
line., Smouldering could therefore easily continue within a larpe stack «f
bagred materials for several dayse The effect of drausht upon the proma iiicn
of smouldering in Jjute cloth is still fto be investipated; it seems probail.
tint a marked increase in the rate will be caused, Drought may alzo cfiesd
the transition from glowing to flaming combustion; the bursting into fiarss -
of vmghed cloth III, during an experiment mentioned above, Was probably dus
to exceptiomally favourable convectlon currents and indicates thal perhaps
only slight airflows are necessary. This will be the subject of a further ncts.

=

Conclusions

The main points arising from this work are:

e  Sustoiped srouldering nay be initinted easily in jute sackins
by a small source of irnition, swh as a clowing cirarette ond.

. 2¢ The rate of propapgation of smouldering depends upon several
factors including the weight and woave of the cloth, the condition of the
material (worn or soiled), the direction of ypropegation of combustion, and
the number of layers of cloth undergoing smouldering,

3¢ It is concluded that smouldering of the Juie cloth my easily
continue for several days within a larpge stack of bagred materialse
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\ SUPPORT FOR JUTE CLOTH SHOWING CLAMPING BARS

SUPPORT WITH CLOTH IN POSITION






