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ESTIMATSS OF TR RAT (P H-AT IVOIUTION AMD OF THE ACTIVATION BNERGY FOR
A STACE IN THE IGNITICN OF Sl WOUDS AND FIBREBCARD-

by
. C, Bowes

1. IFTRODUCTION

A previous note (1) aescribes the determination of the ignition

- temperatures of a number of dif ferent woods and wood fibreboard, The
exrerimental conditions under which the determinations were made, and
the main observations on the behaviour of the materials during ignition,
are relevant to the present note and are susmarised below,

A sﬁecimen of the raspings of a wood was pacled into a tube
supported in an electric furnace, Ailr, preleated to near the furnace
temperature, was rassed through the specimen at a constant rate while
the furnace “was heated from room tempcrature at constant pover,

The behav1our of the tempcrature at the centre of the spec1men {(as
measurcd by a thermocouple ), in a typical determination is shown in
Fig., 1; the spccimen in this case was osk., An cxothermic reaction
began to affcct the couree of th. specimen temperature rccord above a
temperature of about 150°C.  The rise in specimén temperature then
accelerated, overtook that of the furnace and eventually became very
rapid as tho temperaturc rosc to high values associated with glowing
combusticn of the swneciiven,

The first visible cvolution of volatile decomposition products
from the specimen occw:red in the early stages of the cxothermic reaction,
The rate of cvolution incrcascd with rising temperature until,
coinciding with the period of most rapid tcmperature rise in the
speeimen, there vas a relatively sudden and copious cvelution of thick
tarry smokc that lasted for little wmore than'a minute, Flame did not
appear .under the conditions of these tests; presumably the volatiles
viere evolved at a temperature too low for their spontancous ignition,
since it was possible fo ignite the volatiles by means of a pilot flame
during their evelution at the higher rates.

In the present note the temperature/time records (as Flo 1.), for

., . some different spccies of wood and for wood Tibreboard are used, with

corrcctions for heat transfer between the specimen and the furnece, to
calculate the net rate of evoluticn of hecat at a scrice of temperatures,
during the spontancous heating in the fempcrature range of about

200 ~ 300°C., Bstivates.cre then made of the activation energy for the
process, i,e. the constant % in the Arrhenius equation for the ten erature
dependence of the rcacticn rate constant

k:ﬂjIG._E/RT . -...:.‘..(1)

.-in which

rcaction rate constant,
constant, .

gas constant,

absolute temperature,

Rl
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2. CHLUTT LA 0 WD AT KadlD o8 W Lo L0 o HEAT

Z.7s Basis of caicuiation
For the prescnt purpcse the instantaneous net rate of heat

evolution, q, in a region of thermal capacity C, surroundﬁg} the
thermosouple in the specimen may be expressed as follois e

9 .% U _%s . (e, - e,
C C at Ff s IO.IQ.(Z)

where

ge = actual rate of heat cvolution in the region casidered
at time t, ’

9y = rate of heat loss from region at time t (largely in volatile
products of reaction), '

8g = temperatwe o specimen ' in region at time €,

©p = furnace tempcrature at time t, '

h = a heat transfer coefficicnt,

A = boundary arca of region considered.

The second term on the right hanl side of equation (2) represents
the rate of hzat transfer between the furnace and the region of the
gpecimen under copsideration, This. heat transfer involves conduction,
natural and forced convection, and radiation, and the factor ha/C must
be expected to vary over any but small ranges of temperature. .

The quantity @/C may be calculsted if experimental values for the
other terss in equ tion (2) are -available. .

2,2, The factor hi/C

For an incrt mterial heated in the ignition furnace the gquantity
q/C will be zero, and instantaneous values of the factor hA/C may be
calculated from velucs of 8p, 64 and @0g/dt that correspond in time¥,
This has been done, in the 'irst place, for a specimen of dry sand,
The results are shown in Pig. 2 vwhere it will be seen that the factor
hA/C incrcascs lincerly and relatively slowly as the specimen tempersture
increases over a wide range (40 - 300°C).

It has becn shown that the rate of evolution of hcat when wood
gawdust is heated in an atmospherc of nitrogen up.to a temperature of
about 300°C is negligible coupared with the evolution of heat that occurs
when the sawdust is heated in air (1),  Thus the conditim o/C = 0 is
approximately realised for savdust in an atmosphere of nitrogen and the
factor hi/C may be determined as for dry sand above. Valwes determined
for oak sewdust in a cwrrent of nitrogen, but otherwise under the same
conditions as in a determinationof ignition temperature, are shown in
Fig. 3. The relationship of hi/C to the tesperature of the specimen
appears to be somewnat wmorc complex than for sand but it can be taken
as lincar over the temperature range that is of intercst here, about
200 -~ 300°C, Similar relationships were obtaincd for the other woods
and for fibreboard hcated in nitrogen. In most cases hA/C increased
from about C«(9 to 013 as the specimen temperature increased from
200 to 300°C, '

Using velucs of hA/C obtaincd as above - the quentity g/C vwes
calculated at a serics of temperatures for the woods and fibreboard
heatezd in air, The rcsults are given in sectim L.

® 6. and ©, used in the caleculations viere mean valucs for the time

intervals for which the corresponding values of d 65/dt were
calculatcd.
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2.3, Systematic errors in calculation of g/C

‘ Because of a change 1n the heat transfér by condﬁctlon within the
snecimen: and aluo, because of a probable change in the thermal capacity,
values of. Eﬁ/c determined for heatlng in nitrogen will, when used to
calculate o/C for heating in air, be 1ncrea51ng1y in error as.the rate
‘of exothermic reaction in the specimen incrcases, however, since the
correction term (Qf - 6¢) i4/C passes ‘through’ zéro in the ‘temperature
range that is of intcrest, and d9g5/dt becomes rclatively large, it is
clear that q/C must become insensitive to errors in hA/C,  That this
is so is’ shown 'in PFig! 4, vhich glves the'error in C that would be *-
requlred to produce an error of 1% in q/C for the temperature range
200~ 300°C in the heating of oak and fibreboard, assumlng for the
pu:pose that other crrors are’ negligible, : E

The curve for oak in Pig, 4 may be rcgarded as t.pical for the

' woods tested. Up'to about.220°C errors. in hA/C will result in errors

of similar relatlve magnltude in ¢/C, but at hlgher temperatures errors
must repidly become very large if they aré to have any effect, At the
lower temperatures the rate of heat evolution is small and errors due
to the causes given above will be small also. It is concluded that,
for the woods, q/C will be. free from apprecisble systematic error over
the whole temperature range 200 - 300°C. For the fibreboard, however,
q/C is sensitive to errors in hA/C for over half the temperature range
and it is pOSSlble that a systematic error will make itself felt.

3. . DETREINEFL Y HS LCUTVATION ENERGY

3,15 Basis of the calculation -

~.The - rate of neat cvolutlon, Q, at ‘time t and temperature T%K in an
exothermic reaction is given by equation (3), which combines-a general

E.equatlon for rate of reactlon with the Arrncnlus eqpatlon for the rate
) constant (1) T : » :

: Q.,.,_‘.H.'dt - H¢?1_ C2 L o e Lt r e (3)
In(3) U e
CH heat of reactlon, o

c 'uolar concentration of the rcactant ‘or product in terms .of
- which the progress of the resction is followed" R
"¢y, €p:=. molar concermtration of ractants 1, 2 ,,:, : A
ny, n2 = order of reactlon with respect to reactants 1y 2 .o

* In the 1gn1t10n of\sawdust ina plentlful supply of air . (ae under
the experimental conditions of the present work) it is probable that the
c¢oncentrations of reactants that- -affect .the rate may be regarded as -
constant .over an arpre01ab1e périod of time., - If this is .so; and the -
heat .of reaction is corstant in the teumperature range Ty to T2 K, the
activation cnergy may be calculated from the rates of hcat evolutlon
Q1 and Qp at temperatures T4y and Ip réspectively as follows:

E - 24303“1%"1?810‘92 " -""lib'é'{e%
L YR T

Q4. and O% are, in practlcc, values takcn ‘from a plot of ’ experlnental
‘logq0Q vs. 1/’1’ : .

cal/mol . . oo < (&)

».l»J-

The measure of the rate of heat cvolutlon.ln tne sawdust that 1s
available here’is the net quantity q/b or (qe - ql)/C

[
[P
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The heat loss, Gy mcludes the “heat lost.in volatlle reaction
products and heat. "ot to Jt:he 't:hemocouple. The magnitude of this
heat loss is not known, but if 1t can be assumed to be at all tiaes
small c:ompared with the true rate of heat evolution, gqg , we have

q/C qe/C

Multlplylng the above by the S‘D&lelc heat ‘of the ‘sawdust we have
o/m = /m as a weasure of the rate of heat evolution per wnit mass;
vhere m is the mass of the sawdust in the reglon gur rounding the
, "_.thomocouple. .

A plot of 10g10q/m Ve, 1/’I has been used to detcrnme the act:.vat:.on
energy by means of cquation (4)

Since tne specific hcat of the sawdust, and its varla't:l.on, in the
temperaturc range 200 ~ 300 °C was not known it was assumed to be constant
with a value of 034, If, as here, tht specific leat is taken as
constant it is, of course, immaterial whuther q/C or o/m is used for the
determination of activation energy. it it is of “intercst to have
values of the rate of heat evolution thet are, at least, of the r:\.gnt
order of_magni’cude;. a/m has therefore been used .

32 ﬂstelﬂatlc error in calcula‘tlon of act:l.vat:l.cm crerey

" Sources of systematic error that will affect the calculated
activation energy arc variation in the pre-exponential factors in
equation (3) (contrary to the present assumption that they. are constant),
and systematic error in the quantlt qq/m. The .latter quantity will be
‘subject to. systematic error if, as is probuble, the specific heat of
the systom veries and if the heat loss,.q3, is ' not ncgligible
throughout -tiie temperatura range covered. Alqo, since loss in welght
of the system durlng the ignition process will tend to represent loss
in' reactive $o0lid rather than total solid, go/m will not be altogether
independent of any loss in weight that occurs, It has already been
seen that results for fibreboard naj be affccted by possible systenatlc
error in the factor ha/C, - .

It is not possible to estimate the magnitude of the above sources
of error and to correct for them. A systemstic error thercby introduced
into the calculated rate of hecat evoluw.on will affect the calculated
~ activation energy in so far as the error iz not-a ‘constant fractim of
- .the heat evolution, The effect of such an error on the calculated
activation energy can be relatively. small, as can bé. seen from a
determination of the effect of a.single error in either Q1 or Q2 in
equatlon (4); thus, .

2,303 R A
A M‘7"—-‘1 - 4/?2 _ .

no

l

I\)

If we .suppose /-5- Q is 20,a of 02 T1 = 473 and Ty = 57301(, we
have _1‘..\__ E = 2300 cal/moi This amieunts to a relative error of only
about 8% on an activation energy of 30,000 cal/mol.

b : - RESULTS.

. The plots of 1og1oq/m vs, l/T for the series of woods and fibre-
boerd are shown in Figs. 5-11,  Except. .for *the African mahogany, two
experiments were carried out m each naterial; | as.an indication of
the reproducibility, the resulis of the two erermcnts are distinguished
' by dlfferen'b ‘ﬂnbols :m so;ao of ‘tnc fig ures, - :

Y
PR
|
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In all cascs the experimental poinis liec about streight lines in
the temperature range of about 200 - 300°C, At the ends of this
temperature range the points for iAmerican whitewood and, perhavs, also
African mahogerny and ocl, tond to follow a curve concave to the axes.
It is not possible to decide whether this curvature is due to changes
in the reaction or merely to systematic errors of the kind described
above becoming eppreciable at the ends of the temperature range.,

Activation cnergies obtained frou these glotg, together with the
ratea of hcat cvolution per graw of savudust at 2507C, are given in
Table 1.

Table 1

Activation cnergies and rates of heat evolutiam

—
" Specimen Activation | Hcat evolution
energy at 250°C
qélhmbl'j cal min~1g™"

Calk -1 -

(Quercus robur) 23,200 Y
Irocko

(Chlorophora excelsa) | 33,000 . 39
Western red cedar

(Thuja plicata) 31,000 3.2
African mahogany

(khaya ivorensis 31,500 2.7
Beech ‘ :

(Pazus sylvatica) 28,800 26
American whitewood

(Liriodendron tulip-

ifera) | 25,200 25
Fibreboard 16,000 Eag 1-06
29,800 (b

(a) 200 - 3009, (b) 280 - 350°C.

~

Fibrcboard differs from the woods in that the activation energy
in the temperature range 200 - 3C0°C, and the rate of heat evolution at
250°C are markedly lower. Also there appears to be an increase of
activation energy at a temperature betweon 280 and 300°C; in the {tc-per-
iﬁu%ﬁcr%ﬁﬁgeEgﬁaégﬁggcﬁlu snetivation enersy is similar to that foﬁ wood
When the rate of heat evoluticn is small, heat losses are likely
to be relativelv more iwpertant and their neglect will lead to estimates
of ge being too low at the higher temperatures and, hence, to a value of
the activation cnergy that is too low, Alsc, errcrs in the factor ha/C
will probably be in the direction of overestimation and will lecad to low
valucs of the activation cncrgy at temperatures below the crossing point
which, for fibreboard, is 2879C, Whilst the differences betuoun tle fibre=
Yoard axd the wols oy thus, to wme ortort, b Auwe o gystematic awors it ig
thought that tie differcnces are too large to be duc entirely to such
errors: in order to double the =zctivation energy the numerical values
of the rate of heat evolution would have ic be squared.
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Of the activation energies for the woods, those for oak and
American v:hitewood, 23,000 and 25,200 cal/mol respectively, appear to be
significantly lower than for the rest, which. lie within 8% of 31,000
cal/mol, :

No conclusions about thé,nature of the ignition rcactiorsare drawn;
values of the rate of heat evolution and activation energy are of use
in thcoretical treatments of ignition,
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