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S unma y 1

The definition and utility of ignition temperatures
of solid materials determined by a rising temperature
method are investigateds Ignition temperature is a
characteristic with definite, but limited, applications;
except when extreme values occur it is not considered to
be o valid index of fire hazard,

Introduction

4

Q
" The relative fire hazard associated with different so0lid materials

dependsy in the first place, on the ease with which they can be ignited,

Attempts to assess ease of ignition have centred larrely on the measure-

ment of "ignition femperature™, Broadly speaking, the ignition temperature

is the temperature at which the ignition of the material can be regarded”

as certain to occur under a given set of experimental conditions; the precise

definition and method of defermination is subject to wide choice. To be of

maximum use the iznition temperature must not only be capable of classifying

materials in order of ease of ignition but must have some absolute significance

for predicting the hazard due to a material in any sitwtion,

The definitions of ignition temperatures and related teumperat ’
and the methods used to determine them have been reviewed by Brown 1 who has
proposed a definition based on the behaviour of a maferial when heated re-
latively slowly in a furnaccs This "rising temperature® method with
continuous observation of the specimen temperature appears capable of yielding
most informetion on the ignition mrocess, This note describes an investigation
of the method and the definitions of ignition temperature based on i%, and
discusses briefly the application of these temperatures in general,

It has been shovm that the moisture content of the specimen may influence
the results but, otherwise, the effect of the charascter of the specimen
itself (e.ze perticle s:n.zes has not been investigoted in the work described
in {his note.

Theoretical

In the rising temperature method of ignition temperature determination
a specimen of the material {to be fested is contained in a vessel inside an
electric furnace, Air, preheated to near the furnace temperature, is passed
throuh or round the specimen 2t a fixed rete and the furnace is heated from
- room temperature with {for the Work described in this note) constent current,
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The temperotures of the specimen and furnace are recorded at frequent
intervals during the heating and the ignition ¥Yemperatuce is deduced from
the behaviour of these temperatures, or of their differeuccs, in vays to be
described,

It is possible, by uvsing o simgle model, to make a theoretical prediction
of the form of the fempsrature.vine curves wnich is of assistance in
discussing the different definitions of ignition temperasture which have
been proposed ond the effects of the variavles in their experimenial deterw
mination,.

oe The form of the temperature-time curves

Lot qq = rate of heat {ransfer from the furnace to ¥he specimen,
Qo = rote of heat generation in the specimen,
9z = rate of heat lost fram the specimen to the atmosphore,

all at time t.
Then, if q is the rate of heat gain in the specimen at time t, we have
Q=qy% Ao~ 9z
Since the specimen is, in prectice, virtuslly surroamaées by the furnace,
is zero as long as the furnace temperatire erceels the zpecimen temperature

atid the specimen evolves no volatils prorlur-ts.

If S is the temperature of ile secimen ot time t (assimed uniform),
and C is its thermal capacity, w2 have

dS = q 4+ qn -
-d-‘E cﬂ .....1_._4_‘:..“.:-. - ......;'?.00'000.00..000(1)

The rate of heat transfer hetwzen the furnace end the specimen may be
written formally as

g =hA (P ~8)

where F is the furnace temperature at time t, & is the area of the specimen
boundary surface, and h is the overall coefficient for heat transfer to

the specimen. 1In general, h will be a function of temperature, the rate of
air flow, and the zlpuicel constuts of the furnace end its contents.

Substituting the above expression for g4, in equation (1) we get

:;onoo-o.ooo-oooo-coiooo(2)

Taking the simple case for which MA/C is constant equatiorn (2) may be
mult:a.pl:.ed by expe pty Where p = W/, ond in uegrawd %o give

Pt /t ot . Pt
_ q, ~ 93 ;
S - F =8 ) SO FO ,f o e .a-:: d‘t o, /fo -—2-—(-3-——-1-— © at ..(3)

vhere F, = Fy and S, = 8§, when t =0,
o o ’

Equation (3) may be interpreted by considering first the case for a dry
inert material, i.e. for which qp and @5 ara bali waro throyghouts, With

F, = 85_, as in practice, we then have

o o!
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t
~pt pt -
Be=F=-e fo) e E’E. dat ..0..0....o'o.nol.....'(ll-)
The furnace temperature may be expressed, sufficiently well for the
present purpose, by the following equation which is based on constant power
input to the furmace and on the assumption that the heat loss to the
surroundirngs obeys Newton's law: -
~bt

P = FOO Lad (FOO had FO) (] ? .'.o-00000000000000000(5)

where Foo =F at t = 90 and b = constant,

Differentiating (5) with respect to t, inserting in (4), 2nd integrating,
we obtain

~b. - pt
S-F = o P (Fop =Fo) (6 = 6 ) senescenseseones(6)
This expression has the following charact?ristics:-
S=F =0 when t = © or oo
(8 = F)! =<b(Fyy ~ Fy) when t =0
=0 when t = oo
=0 whent:lnb-ln_T_J_:tm(s_F:minmwn)
b-p
(S =F)'t=0 when t = 2%y, (inflexion)
=0 when ¢ = oo

Suhstitution of (5) in (6) gives the equation for the syecimen
tempe rature as a f wmetion of time, Thia has the following characteristics:-

S!' = Cwhen ¥t = g or oo
St' =Owhen t = ty, {(inflexion).

Using these data, and the experimental fact that i¥m is small, the temperature
and tcmperature difference curves have been sketched in Fige 4; the tempsrature
scale for the difference curve has been exancerated.

When an exothermic reaction occurs (i.e, qo = dz > 0} thke specimen
tempe rature will begin to increase more rapidly than shown and may exceed the
furnace tempersture, but the canplete temyperature~time curve cannot be predicted
from equation (3} without a knowledge of g - g3 as a function of time, However,
with the furmce and materials used in the vresént work, and probably with all
matcrials which merit investigation by this technique, gs - q; only becomes
arpre clably greater than zero at a time which is certainly later than the minimum
of 8 =« F at ty but which may be less then 2%,, Moisture in the specimen mey
cause Qo = qz o be regative until it has been driven off, i.e. imtil the
specimen temferature is in the neighbouwrhood of 100%C, and the minimum in the
curve for 8 ~ F will then not necessarily occur at #, as given above,

The curves obtained in practice with a moist combustible material are indi-
cated in Pige. 1 by clrin lines; +*he case is shown in which the s ecimen tempera-
ture eventuwlly rises continuously and very steeply to high values associnted
with glowing combustion, Flame does not normally appear since the volatile
combustible products are driven off at temveratures too low to he ignited.

It will be seen thot the exottermic reaction introduces s second inflexdon
intc the specimen temperature and temperature difference curves., On the other
hend, it is evident from inspection of Figa. 1 that the exothermic reaction will
remove the inflexion on the theoretical curve of S = F for a dry smecimen if it
begins aporeciably before time 2t
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b, Definitions of iomtion termerature

Cl'mracter:l.stlcs of the above curves which have been used as definitions
of isnition tenmperature are.described below,

(1) Pirst occurrence of exothermic reaction Brown ! cmphasizes thet tihe
stago which is fundemental to the successlul ignition of o golid is tiat at
erlCh. the rate of eat develogment by the reacilions Leoading o iznition first
exceeds the heat loss fo the swrroundingsy decs, i1 W62 nc@ticn used above,
o = dy first becomes positive. He nointaing et for a given zed of
conditions fthis occuin at o dsfinits “empsroture widceh ha ferms e ionition
temperature, end which ba &ster g vhs dererature of Yiawmrrard break"
in tho curve for F - 8; this correasponds to tile point P on the curve for

S ~F in Pig, 10 '

Essentially Broym's method consists in locating the voint =+t which a
gmooth curve dravn through the experimental points diverges by an arbitrary
smell amount from the fmngent 4o fthe curve 2% the second inflexion, The
distance of this point from *he inflexior will be a wvariable cuzatity devendlng
on (S =~ F)}*''? and on the scatier of the expérimerkal points and the “hickness
of the drewn lines. '

It would seem tint a better cholce of temperature to dafine 4 ccourrence
of exothermic reaction is thai at the second inflexion, either on the spocinen
temperature curve or on the difference curve, Th? latter is preferable since,
with 2 smaller total range, a more open scale is possible on the nmeasuring
-devices Provided the curve is fairly symmetrical gbout the inflexion it
should he possible to locate the inflexion with reasonable accuracy, since
errors in drawing the cwrve and tansent will wend to cancel out, The possibility
of using this point is examined in this work,

Neither the inflexion nor Brown's poin%t can give the temperatum at
. which qp ~ 93 first exceeds zero; this occurs at an unknown time before
. the inflexion, '

(11) Point of ropid temperature rise Determination of the yoint at which
the rate of rise of the ssecimsn meerature first increases is subject to
the same difficulties as s determination of Brown's point. The most clearly
defined point associated with tbe2 eriod cf repid temperature rise is that
chosen .by Swietoslawski, Roga, ond Chorazy? and by Bardslev and Qkeatd, It
is, in terms of the above anelysis, the temperature at = interseciicn of
+the ftengents to the speciuen l‘Flh]_)Prd"tL]re curve at the second inflexicn and
at the maximum gradient.s In practice. the curves are virtually linear for
8 considerable period"contalnlng tte inflexion and during thne steep rise,
and determination of this point consisis merely of producing these lines to
intersection; +this is shown in Pig. 3.

Although this point is artificial it has some practical justification
as a definition of ignition temrerature; and will be.so used in this work,
Thus, it is a ftemperature et which visible combustion will occur within a
relatively short time (a few minutes only) in the continued presence of an
external source of heat (in this case the firnzace) end it is essily determined
with precisions Further, its determination requires completion of the whole
ignition process and it will be a function of all stages of the process, I%
differs from Browm'®s point in thet it occurs necar the end rather than the
beginming of the self heating stage pre c__éding_ignition.

(iii) Crossing temperature The temperaturs at which uh@ specinen temperature
equals the furnace temperature vas regarded by Wneecler ‘F as ovitical in the
ium.tmn of coalse It is evident from Fige 1 that tie point at which the
specimen and furnace temperature curves cross (L.e. = F) depends on the
mgnitude of 8 - F in the early stages.s Thus if the apparatus design and
opcmting conditions are such that 3 - F is small whon qo ~ is near

zero the curves will cross socon after an excthermic reaction gegins, when

5 = I is large the cross~over will occur near e xup...d :L“crease of spec:.men
temrerature, . N

C e -
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It mey be noted that at the cross-over we have, from equation (2),

fo T PR
at g3

i.¢. the gradient of the specimen temperature curve at the cross-over
depends only on the vroperties of e maverials, But this quentity is of
little use for commmrative purposes unless it can be determined at the same
temperature for different materials, which is nommally not possible,

ce Effect of variables

It is evident tlat if the igrnition temperatures are to be truly
comperetive for different materials the rote of furnace heating and the
initial temperatures, S, and F,, must be approximately the same in all
tosts. If, further, hh/C could be maintained constant or, at best, the
same for all specimens the ignition temperature and other points would
vary only as the last term of equation (3) varied for different materials.

The thermal capacity of the specimen must be expectod to vary as the
temperature rises, But if, as was the case in this work, the specimen
is in the fomm of a yorous packing the initial value, at least, of A/C
could be kept constent to some extent by adjustment of the packing density.
Wifthin the range of densities which do not affect the rate of reaction,
&/at as o function of the ratio (q, - q3)/C alone, in equation (2), is .
independent of the packing density.  Faltors in the dezgign and operation
of the epparatus which affect the overall coefiicien®; h, for heat transfer
between the furnace and the syecimen can be kept constant, But the hea%
balance within the specimen itself will depend on its thermal conductivity
and hence mthe mekirp density., ALl that can be done ini%ially, therefore,
is to maintain 4 avproximately constante The igniticn itemperatures doter-
mined then apply to the materials at the moking density employed,

For a civen packing density the ratio A/C is provortional to the
houndary surface per unit velume of the sveciman, and therefore dcpends
onh its size and shape, The larger the syecimen tite smailer this ratio will
be for a given shape; consequently 2t a given rate of heat evolution the
term involving 4/C in equation (2) diminishes in importance as the size of
the specimen increases.

For a eiven furnace the main variables which require testing for their
effect on the ¥npition temperature determination are the rete of air flow,
the mte of heating of the furnace, and the size and packing density of
the svecimen.

Exrerimental

The liner and internal fittings of the igmfion furnace are shown in
cross sectilon in Pige 2 The whole fits into an electric furnace with a
winding gradwied in the usuwel wey to improve the uniformify of temperature
along the lengthe )

The apraratus is based on that used by Brown 1 and by Bardsley and Skeet 3,
The nain modifications are that the furnace temgerature is read from a mercury-
in-glass thermometer inserted into a cavity in the thick alwminium liner,
and the specimen is packed into a pyrex cylinder fitted by a standard ground
Joint, The specimen is surmorted in the tube on 2 disc of stainless steel
gauze held by a split ringe

The temperature difference between the furmace wall and the centre of
the syecimen wog determined with a calibreted platinun-rhodimm thermocouple
(34 S8.W.G.) and galvenometer, The thermocouple wires were threaded through
coramic tubes hut the Jjunctions were exrosed, The Jjunction in the furmace
wall vias contained in a cavity perallel and close fto that containing the
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thermometerse A preliminary test was carried out with a Junction inserted
into each cavity; up to 208% +4re temverature aifference indicated did not
exceed 190, but it varied systenatioc iy with 4he *empersturs and changed
sirn at about 1200, Mo corveciion rov fais effect was anplied 1o the
detemination of ignificwn tenusiniure,

All the materials exaiined —vore eithsr in the fom of pewéers or short
fibres, The supporting gauze wus kept at 2.0 ca fom e suoulder of the
tube and the amount of nateriel usad wag adjusted +o gzvc a packing lenzth
of 2,5 = 3.0 cm for the puryose of keeping 4 sypproximately constans (above).
The interncl dizmeter of the syecimen tube was nomally 1.9 cm.

The princirel materials used for fegting the effent of the diffevent
varigbles on the ignition temperaiuwres wore 2 sample of grass meal a'u a
sanple d beech sawdust size-graded to 20~40 B.S,; dotails on the navire
of the grass meal were not available but, for the purpozes of this work,
they were not required, One series of sesis was made using wood fibranovard
digintegrated by nd rasping and-a sample of Daisee Jute (Corchorus clitordus)
out into lengths of about one cm, Ignition teaperature delermirations vicre
also made on a number of other wocds(Table V below) The samples of vood
were reduced to powder by hand raspinge

' : Regults
ae General

Fipes 3 1llustrates the general bohavicur of 4l materials test=ds; it
shows the temperature curves for 2g ol beoch sawdust with 2 vate of air flow
of 2,94 cm/secs, &nd the inset shows the fm-;l stegez of the specimen
temperature curve_for the beech with ap air o*: of 0,59 ecny ‘sece  The
difference in temperature betwoen the srecimen and furnace wall is ziven in
terms of the thermocouple e.m.f, in microvolise

In all cases the first visible evolution of volatile products occurred
in the early stages of exotlernic reaction indicated by upw“rd curvature of
the specimen ‘temperature wve;  ih this case it ocourred at about 22790
but in others it was noticed a+t slightly lower temperatures, The evolu-
tion increased slowly as the temperature rose further until, coinciding
with the yeriod of most rapid temperature rise, there was a rush of thick
smoke which lasted for little more than one minute.

With the higher ratos of air flow (velocities up to 2.9 om/sec.) the
diminution of the smoke was followed shortly by glowing of tl*e specimen,
but the behaviour of the registered specimen temperature then depended on
the nature of the specimen, Thus, with grass meal, the combustion occurred
fairly uniformly at the lower end of the specimen and the temperature rose
steadily to values in excess of 500%C, But, with beech sawdust, glowing
occurred intermittently at widely separated points and the registered
temperature actwlly decreased while the glowing was in prozresse

At low rates of air flow (velositics of 0429 - 0,59 cm/sec.) the
temperature rise was arrested during ths mpid evolution of smckes T e
temperature then fell until the eveludiion nf gmoke diminished; when it rose
ogoin at a steady but reducec rate (Figs 3 inset)s This effect at low
rates of air flow was doubtlese due 4o dilution of the oxporn supply, by
the gases evolved, sufficientiy to reduce fthe yots of oxidation; the subsequent
temperature rise then corresponded to slow ignitior of the carbonised residue.
At intermodite miesd air flow, ard depending on {ee material, interruptions
of the steep temperature rise to glowinz combustion ocetrred at higher
temneratures than in Fipge 3 (:mbet) and wore of shorie: duratione
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Beach ‘sawdust with a moisture content of 9.2%, and beech after oven
drying overnight at 105% s Were both heoted in the ignition furnace in a
current of nitrogen instead of air. The resulting curves for the temperature
difference between the specimen and furmce in terms of the themocouple.
eemefy, are shown in Fige L. The rete of nitromen Tlow was 1,76 cm/lgec,
and the furnace ond speckon ioameadures Wers taken %o 3000 and 2700 respec-
tively, ) '

The curve for dry besch doss not show the inflexion which should cccour
in the absence of rcaction, It indicates, in fact, that there is a slow
evolution of ezt in the specimen during the later stages of the heating, i.e.
after about 50 minuies, Thers is, however, no indicatlon of the vigorous
exothermic decompositicn whicn cccurs in the presence of oxvgens The
amount of smoke produced was relatively eamall, These resulis wars tested
and confirmed for all the woods listed in Table Ve It appears that the
exothermic decorposition of wood which occurs at about 275 during dry
distillation - does not make much contribution to the heet balance during
irnition under the conditions of these tests, '

It will be seen that the first inflexion in tte curve for 8 - F,
ont vhich depends the cccurrence of the second inflexion when an exothermic
reaction begins {c.f, Fige 3}, in this case depends entirely on the presence
of moisture, Ipn genernl, the position of the second inflsxion will vary
with moisture content and, for compmrative determinations of the inflexion,
this must be kept constante The moisture contert will also alfect the
determination of Browu's point since this deverds on drawing.a tangent through
the second inflexion.

In a test with beech at an air flow of 1,76 cm/sec it was found that,
on applying & small gas flame, transient Tlames wers obtainable in the gases
in the specimen tube when the specimen tempersture wos aboud 2659, and
the first persistent flame at thz mouth of the {ube cccuwrred at a temperature
of ahout 29070,

be Effegt of the rate of air Flow

. The effect of wrying the rate of air flow is shown ipn Table 1 for
duplicete determinations on heech sawdust and on grass meal, The heech was
racked in 2 lenmth of 2,5 am at a density of 04283 gm/ce and the srass meal
in 3.0 em at a density of 0.235 em/ece The furnace was heated at 40O watts,
The rate of air flow is expressed in ferms of the air velocity in the empty
specimen tube (1,9 cm diasmeter),

Table 1, Effect of the mite of air flow

: Adr Ienition Crossing Brown's
Material Flow | Temperature Point Pojnt Inflgxion

an/sec % % ¢ c

Beech 0459 24, 272 218 185
(20=40 TI.M.M,) 0.59 2L5 270 21l 191
1476 2,8 21 20 166

1,76 IR 272 180 | 160

2494 249 272 168 149
2454 2477 274 190 16
Grass neal 0.29 231 256 iTh 154
' Ce29 2u3 256 184 168
0o 59 232 | 265 170 158

Ce59 251 254 180 160

1417 22 256 220 i70
1017 230 255 180 158

. 1976 234 256 184 159
1476 230 255 183 148

2435 - 235 258 161, -
2e35 240 258 178 148
2494 236 - 258 168 150

2,94 236 260 172 158




(1) Crossing point It will be seen from Table 1 tiat this point is
closely reproducible; it increases very slightly with air veloecity over
tha range covered,

(i) Igpition temerature The mproducibility of this point is also good
end values tend fto be slightly hisher for the higher air velocities,

{19 Brown's yoint and inflexion For both points the results are not
sufficiently reproducible to be conclusive, bLut with beech these points
tend to occur at lower temperatures as the air velocity imcreases,

The variation in the temperatures at the inflexion of the temperature
difference curves is greater than can bhe accounted for by uncertainty of
location and indicates a real difference between the duplicates, In some
cases this is true also for Brown's point.

Thermmte of air fiow will influence the results th.rouah its effect

'both on gq a3 in eguation (2) and on the owerall heat transfer coefficient,
he In tge temperature range 100° - 200%C, when all the moisture will

have eveporated and qp - q3 is small, the effect of air flow on h will
be: important, That this is so is indicated by the correlation between

the rate of temperature rise at the inflexion in the temperature curve

for the srass meal and the rate of air flcsw, Pige 5s Since they occur

in or near this temperaturé range Brown's point anc'l the inflexion in the
temperature difference curve may be expected to be sensitive to veriations
in h and, hence, also to factors other than air flow which affect hy; the
most important of these are likely to be differences in the porosity and
thermal conductivity of the specimen which can arise from local density
varintions during the orisinel packing and frem changes in porosity of the
specimen during a teste It is sugrested that these factors, rather than.
variation in g¢o = 43, are responsible for the large varla'!ﬂrtry of duplicate
determinations of these points,

In the neighbourhood of the ignition tempersture and, especially,
the crossing point, when F - 8 appronches zero and qp is becoming large,
‘the term involving qp - gz will become the most important in equation (2),
‘I‘hen, except at the low rates of air flow which were found to limit the
reaction ra‘ce, the air flow will influence the results mainly through 433
't:h.e results show that either this effect, or gz itself, is relatively shall,

Fige 5 indicates an inverse relationship between the rete of increase
of the syecimen temrerature a2t the inflexion and@ the sir flow; but 2
ten=-fold :an:rease in the nair flow produces a decrease of less than 100
. per minute, i.e. less thon 20% of the rate of temperature rise, This swyests
that the temperature of tie air reaching the spscimen decreases as its mte
of flow through the pre-heater increases, but, also, that the air £flow plays
a minor part in the transfer of ezt fram the furnace' to the specimen, which
therefore takes vlace mainly through the walls of the specimen tube, It
follows that if specimen tubes are to be interchanzeable they must be of
similar moterial ond wall thickness, :

It is concluded that the mnin requirement bf the air supply is that 1t
should be sufficient to ensure a largely uninterrupted progress of the sypecimen
Yo glowing ignition but otherwise it need not be closely controlled,

e} Effect of the packine density of the svecimen

T :sts were carried out on the beech sawdust and grass meal packed at the
highent and lowest densities obtained by crdinery lend pmcking; the lowest
was Jjust sufficient for the centrel thermocouple to he suprorted when inserted.
In order to cover the wider range of pocking densities obtainable with fibrous
materials tests were also carried out on the disinteprated wood fibreboard
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and the jute fibre, Considerable force was required to pack the fibres at
densities approaching those of the heech and prass meal,

The air pressure necessary o maintein the reguired air velocity with
fibreboard at the higher densities was sufficient to blow the specimen out
of the tube when it carbonised end contracteds A4 piece of stainless
steel gauze was therefore wedged sbove the specimen in all but two of the
tests with fibreboards In all tests the air velocity was 1,76 cm/sec in the
opan tube,

Table IT. The effect of pgcking density

Packing| Packing Ienition | Crossing|Brown's! .
Material length) density | temperature] point | point | Inflexion
cm g/co B¢ °c °¢

Beech 340 0,235 242 27 204 175
(20-40 I.M,M) |. 340 | 04235 21, 269 195’ 177
340 0.293 242 266 197 176
3.0 | 04293 2Lty 268 200 189

Grass meal 3,0 04200 232 255 179 158
340 0,200 23N 256 183 166

3.0 | 04235 23 256 184 159
30 04235 230 255 183 148

Pibreboard 2,9 | 0.085 285 300 174 -
2.9 | 0,085 280 295 172 148

2,9 | 0.085 280 | 29 170 -

3.2 | 0,110 284 1 £30 198 161

3.2 | 0.110 2 B 196 -
342 .| Qo165 275 L 275 200 167

362 00165 570 273 206 182
3.5 | 0.201 249 271 178 165
' 245 0,201 253 267 205 170
1 3.5 0.201 251, 272 9% 164

| 342 06110 270 286 175 153
» 3.2 04110 263 285 183 144

35 0.212 266 290 193 175

3 ® o top gauze

The results for becch sawdust and grass meal (Table II) shews that the
initisl 1acking density has no effect on any of the temveratures determined,
With fibreboard and jute, however, tte ignition temrerature and crossing
roint show o marked inverse variation with pcking density. With fihree
hoard there is a tendency for the hisher wvalues for Brown's point fo be
-associnted with {the higher meking densities.

It is coneluded that the 1ncking density should always be econtrolled
and specified in deferminations of ignition temperature by the rising
temparature method, -

v is surrested tmt, vhen a commrison is being made of te ignition
temperature of powdered maierials which dif'fer in particle density, the yacking
densities should be adjusted to give equal porosities; except when the ignition
temyerature is known to be independent of poncking density over rngses which
overlap for the different mterinls,




Commarin: the resulis foxr firohoard 0%t & density of 0,110 _(;/cc it
Will be scen thot tie resence of e fop reteluin; snuse lecds to a Msher
isnition temre rature,

In viewr off the reuults for heech end cmaz nesl it is probable that
the variahility of Twown's woiut ond tie inflerion obscrved with {tese
materinls does not, in foot, devend on voriation in Yie initial vecldng
density but is cdue to varicble clenres of rorosity durinz o tests Channes
in rerosity vere indicsted by the need to make snmoll adjustments to the oir
flow during a teste Cn one ocoosion the pressure difference across the
arecimen (hecch) wos mecsured. It wes foumd that the tressuce rose fairly
aterdily to 2.6 times its initinl value and then heson to 011 sharvly Just
belfore the syesimen temyerctine reached the crossing point wien, presumbly,
the srecimen heson to shrink from the wnlls of the siecimen tube,

The reason for the difference in Dhehaviowr of the yowdered and fibrous
materials is not obvious; but it is possible that, in the case of the former,
the chanses of vorosity durine a test were such zs o cancel the eifect of
initial differences in porosity. & perticulsle packing would presumably have
arcater freedom for self-adjustment than a packing of interlaced fibres,

de Effect of the dimensions of the srecimen

Determinations were carried out on beech sawdust in two tubes of different
diameters and with different lengths of veckinge In nost cases the mmcking density
¥ag the oame, “7ith the larcer diameter fube tho air puny delivery was sufficient

to mive only 90-85- of tho air velocity usod in the uarrow tube, The results are
given in Table III,

Table ITI, Effect of the dimensions of svecimen (Beoch)

Packing | Adr Ienition Crossing | Brown's
Diemeter| Lencth| density | flow | temper=ture pgint poinf Inflexion
em on | gm/c.c. | om/sec o c %G %
149 1.2 029 1.76 255 275 . 203 167
1.9 3.0 04293 1476 242 266 197 176
1.9 340 0293 1,76 2 W 268 200 187
149 37 0,236 1.76 2L5 269 201 175
1.9 3e7 0286 1476 2Ll 271 190 168
2.6 3.0 0.293 1,67 217 263 186 16l
2.6 1 3,0 0.293 1.63 216 267 192 175
2.6 | 4.5 0.293 1464 219 260 191 177

: P

i

The Table shows that there is a larce decrease in the observed isnition
temerature when the dameter of tle specimen is increased from 1.9 em to
2.6 cm.; the crossing point is also lowered but to a less extent. Brown's

woint aprears to be lowered slicghtly but the inflexion iz not significantly
affected, :

Excent for the one case where the lensth of the syecimen was less fthan its
: diameter, varintion of the lensth does not influence eny of the temperatures,

The reduction in ignition temrerature with increase in specimen size
cannot be accounted for by the conseauent decrease in the ratio 4/C in equation
(2); . decrease in this ratio will reduce the Troyortion of heat lost when the
specimen temperature exceeds the furnace temverature, but a2t this stare the
granh of the specimen temrerature rises almost vertically end the effect on the
intersecticn of the toncents will be small, The reduction must be due to the
ef'fective reduction of radial heat loss from the interior which occurs in the
lar~er srecimen during the stare  of spontaneous heating; this permits higher
temyeratures and greater acceleration of tle reaction in the centre,
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Irn the simplest case in which the temperature distribution is not uniform
the hirhest temperatwres in the specimen will always occur on ths cylinder axdis,.
But, as the diameter of the specimen is increased, the radial temperature
sraddont set up durins the initial bhecting of the shccimen rmoy lend fo initiation
of 1o cxothernmic reaction in an apnnulsr resinn inerenasingly removed from the
centre; ultinately irniticn may ousur hefore it is indicoted by a the rmocounle
situwrted 0t tle centree.

With the risinc temperatwe method it is prefercble to emiploy fairly narrow
srecinens ond so reduce to 2 minimum com:lications which mny be introdiced by
pon=uniform temersture distribution.

ee Lifect of the rete of heating

The effect of mie of heatin; of e s ecimen was determined on the -rass
acel only, rocked into 2 lensith of 3.0 cm at & density of 0.235 ,:m/oo and with
an ailpr veioeity of 1.76 cw/sec, The resuvlis are shown in Table IV where the
rate of hestins of 4re g ecimen is exvressed in terms of the rate of temverature
rise ot the second inflsxion of the specimen temperature curve; wvalues of the
temherature difference at the second inflexion in the difference curve are
included as a measure of the "closeness" of the specimen and furnace temperature

curves,
Table I% _Effect of the rate of heatinz _(Gmss meal)
Furmeae] Rote of | Tauperature]| Iemition | Crossine| Drown's
rower | Temperature | difference | femmerature point ’ roint Inflexion
vatts | rise C/min. % bC % % % -_{
140 077 13 ‘ 248 223 187 160
196 1¢55 20 232 235 180 153
i Loo | Le45 L 238 259 174 146
- oo | Lalb L5 230G 285 183 108
! 529 6443 60 232 Il 158 158

As the rmte of leating is relduced *the specimen lemperature bhecores closer
to the furncce cuwrve. This los the effsat of lowerings the crossing moint
which, at the lowest rate of lea¥ing, is lower than the ignition temrerzture,
Excent at tke lowest rate of heating tle ignition temerature does not vary
much vith the rate of heatins.

Trere is not sufficient rejlication of experiments to draw conclusions
on the behaviour of Brown's yoint and the inflexion.

fe I mition temneratyres of vicods

Irnition temperatures and other data determined for raspinas of a number
of different woods are ~iven in Teble V, All determimetions were carried
out with an air velocity of 1.76 cm/sec and furnace power of 400 wattse The
moisture contents were determined on #he rasypings and sawdust,

Table Vo Iesmition temverature of woods

Moisture| Packing | Paclkding | Ignition Crossinc|Brown's ,
Wood content| lensth | densitytemporaturel point | ugint Anflexion

' % cm m/cce] G C C %

Becch 92 2.5 0,28 218 271 204 166
(Parus sylvatica) ] 2L6 | 272 180 160
Western Red Cedar 62 249 0.18 2k5 269 190 156
(Thuje plicata) 360 0.18 2%y 268 192 155
Americon Whitewood 846 360 C.18 2i6 272 185 155
(Liriodendron tupilifera) 2.9 G.i8 215 272 187 158
African malorany %7 3.0 0.18 24, 270 196 182

(Khaya ivorensis)

Oak 8o 341 0,23 238 261 150 150
(Quercus robur) 342 0,22 238 262 175 15,

1 Iroko 8e1 3e2 0.22 2L0 261, 175 149
(Chlorophora excelsa) 301 0.23 243 i 264 168 160
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The ignition tenrperatures of the different woods do not vary widely,
This surcests 2 similarity in the exottermic reactions preceding ignition,

D:t scussion

It has been foumd that the iznition temperature adopted is a reproducitle
cha racteristic of {the beleviowr of a combustible material heated in the
ignition furnace describeds It is necessary that the diameta of the specimsn
should be kept constant, that the length should exceed the diameter, and that
the air suwply should be sufficient for unretarded reaction, The ignition
tempereture is then satisfactorily insensitive to variations in the rates of
air flow and heating anmd to the length of the specimen, The packing density
of the srecimen ghould always be specified,

The crossing temreratiwe varies with the rate of heating but otherwise
has gimilar proverties,

Brown's point and the second inflexion in the temperature difference
curve, as a swgrested alternative, were not found to be repmoducible; the
variability was, in fact, too grest fo allow any dependence on the factors
tested to e established, A%t the low rates of hea'l: gvolution neonr Yhese
points the clange in the syecimen temierature will be sensitive to small changes
in factors affecting the heat balaence, notebly the heat transfer to and through
the spec:.mery so that dr varidility observed might, perhaps, be expectedo
Brovm's results show better relarodml‘alla.ty than was obtained in this work.
This may drend on the fact that in Brown's apperatus the srecimens were
not .in contact vwith the walls of the conteining vessel; contact cennot,
however, be avoided when the smecimens consist of pdwder‘s._'_

In spite of the poor reproducibility, the order of magnitude of the
temperatures at which exottermic reactions are first apnreciable is of
importance and the determination is always worth maldng on a material.of
unioim proper ties, But the detailed study of ignition from these low tem-
Teratures may be more satisfactorily corried out by exposing the mterial to
constant femporatures for long periods; e.irs as recently carried out by
Mitchell  who obtained ignition in a solid octagonal prism of Wood fibre=
~ board sheets, 22 inches between faces, exposed to an ambient temporature
‘of 228% {1099C) for 150 hours.

The ignition temperature mey be used for studying the effect of different
treatments on the self-leating stage preceding ignition in a given material,
and should give an indication of corresponding changes in ease of ignition,

Bxecept in so0 far as a solid which ignites in a short time in the furnace
at a temporature of, say, 2009 will in most circumsteances be more readily
iznitable than one vhich requires heating to 300°C the use of ignition
temper ature is unsound for comparing the ease of ignition of dlfl rent
materialse This follows fram the results of Landt and Hausmann and of

Lowgon end Simms * who have shown that the time %o igniiion of different
woods exposed to a source of leat is fundamentally related to the density
and the thermal properties. In mariicular, Lawson and Simms found thet for
ignition by rediation of infensity in excess of & certain minimum, which
wos the same for all the Woods tested, the time fo ignition was related to ¢
the product of the density, the specific heal, and the thermal conductivity
of the wood for both spontaneous and »ilot ignitions A meesure of the ease
with which a solid mry be ignited must foke account of these properties of
the solid, in addition to the temperature %o which its surface must be reised
for icnition Yo occur; this tempernture is not necessarily simply related
to the ignition femperature as measured here,

Conclusions

‘i. The ignition temperature introduced by Swietoslawskl.ct al. 2 is a
reproducible characteristic of e behaviour of a combustible mterial
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tonted in the furmos doescribed,

The ignition tayaerhre roy be used for studying the effect of different
treatments on the self-heating stage preceding isnition in a given
mterial, and may be expected to indicate a corresponding change in
the ease with which the material may be ignited by a given source,

Excent when extreme values are found it is ronsidered that the igpition
torperature comnot be Used to comnre tio ease with which difforont
notorisls may be ignitod by a2 civen source; it is not a valid indox

of fire hazard,

4 reproducible characteristic temperature associated with the beginning
of exothermic reaction in the material tested was not fouwnd, but reaction
was Getected in most cases between 150%C and 200%¢, The Lx)ssn.‘nll'hy

of self=heating to ignition in materials exposed to temperatures of

this order, and lower, is of great importance; but it is more suitably
studied by methods employing constant or slowly rising, ambient.temperaw
tures rather than by the method described in this note, in which the
temeratwe is roised comparatively rapidly,
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