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1'm~ EJ/i"ECT 01" j\BSORFTIVI'l'Y OH THB IGNITION Oli' MA'l'D1L\LS 13Y RADIATIOH

.' by

D. I,. Siuuns, Margaret Lnw and P. L. Hinkley

In (Ira.or i.o CC1T~~1[.te the 1.f.l'lition tiw:) of materials \"lith tho
:~ntt~n:;,i..ty of l'udL:.::"ion 1.li1d with ti~eir ph,yr;tc..?l IJI'0t)crticG, the
a1,:,orptiv:i.~;'y 0;': the surface inust be 101m-Ill (1). 'lTo:cmally the ub::;orptivity
in cons Lder-cd na a o ons tunt for a1\;: material and D. given radiation oource ,
but in prob.lema of ir,ni tiol1 the co.Lour of the irradiated surface may
change dur.ing the course of CX:)(l3 I.ll'O and an empirical absorpt Ion factor
which is independent of exposure time cannot be found. 'l'hi3 paper
descri,.bcs 0xpcrim.::nts carr-t ed out to measure the absorptivity of
irra.diated mat.cri.u.Is una shows how the effects of various intensity
levels liK,y be taken into .account ,

o

E:qJorim:$n't.::: were carried out using three sources of ro.dio.tion of
difr(;):"~,}:'''G co:"C'\·~"t: temperatures on the materialo Listed in 'l'ablc i. '1'0
Lncr-eo s c tb:J ....~.:~Ol··ptivi ty of the woods to unity some specimens \'lore
cos Lod Vl"!.t~t 0n:rr:01l black. The filter, blotting papers and cotton wore
C'btai;1e r1. ~~~~,:d. ! .

~hterials tested

I

t .
f.
i

S(llU'ce of
radiation

C.:~rbon nrc

Carbon arc

Carbon arc

Carbon arc
Tungsten lamp

Colour

Natural and
candle bIncl\:

r1hite and
b'Lack

Eo.tw.'o.l and
candle blacle

Ha.tural and
candle bIncle

O·24

0'53

0-52

0.66

Density
(avon dry).

[J/cm3

0-30

Wt/.
unit area

(jcm2
lbterial

Pibr0 insulation
bourd

-11a;=~:;~ Panel l
cnndle black Cnrbon arc

l---~---+----t_----__+-· .--L.--.----

r--------li-------..--+---·-+---~

L Oak 0-1..2
{ 1

(,illlcraus sp.)

Mahogany' 0'33
(!-.=1!uya ivorc~)

Hcstern red cedar 0.23
(thuja Q.Hcnta)

1
Spontaneous

'. l"ilter paper 0-01 .

I-'-'--'---+-~------'-------""-----""""-------"-"--"-

IIType 01' ignition

t------------+------f-------_+_-._---- ,-~--~--~

-_:..........._-I-----~--- -~

o·66

0-55

\{hito

Black

Panel
Garbon arc

Tungsten 1anlf

arc

-------
0·43

0'24

·--------+-:,h~~:·,-~~oeni:arbon

I IUld ~ellOW. f---.--~.-.J
INatural and ITuneston lamp

Icand~e. bIne!, i _. -1
Pilot·

i..--------~
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2. Experiments and results

Oven-dry specimens were exposed to radiation and the ti.me to
ignite l'iaS noted, each valuc by~\lg the nez-n of six readings. A feVl
expe r-imcnt s on pilot ignition \2) were made with a spark -ir in. above
and IT in. uVlay from tho expos ed area of the surface of' tho specimen.

'11ho 'i;hrce sources of raaiation and the mothods of ex.('osinC the
pt:'edmons havo been described in oetail elsewhere U), (11-), (5).

2.1. Radiant panel source (3)

The radiant panel, 'I, 'j 00<:';(. ,:Ilioh burns a (ja,;j(li1' mixture is 'I ft
r;qu[\:fc and gives uniform rudintion over an nrea 60 cm2.

The intensity of radiation vras varied by altering the distance of
the c,pecimen from the panel.

2.2.

r;::~".~ ::L;)..un'~l1t of' the 1,000 V{utt 18J11p i~ c.t 'cho firot focus of a front
s:i,l.",,"'::'! 8 ,'J,:: pscddaL mirror .and radiation is reflected by the mirror
to th" GJ:l'0";:~;llcn placed at the second focus. The specimen receives
ur.'i,1:\').'m r,,·:'~j,a~,ion over an area 1 cm2• 'l'he intensity of radiation may
be ':J.':',',<'.:1 b;;- "-itjnsting the power input. 1'01' the range of intensities
0'\(0:':" I1hi,'Jh j,gnj,tion occurs the colour temperature of the filament
r ange a :':'cm 2,400°.r< to 3,OOO°.r<, and e.sswning that the colour temperature
is pr0l'n:rtional to the blade body temperature, the wave'l.ength for peale
intolO3:Ct.y nmgcs from 1. ~A.A to 1 ? '£his change in colour

temperature mukes lit'tle ehange i~absorption factor.

2.3. Carbon a~c source (5)

The carbon arc is also at
and the specimen at the second
radiation over an area 3 cm2•
by a venetian blind shutter.

the first focus of an ellipsoidal mirror
focus receives substantially unaf'orm
The i.ntensity of' radiation may be varied

2.4. Results

The ignition times for the dif'ferent 'materials for different radiant
intensities are given in ,"illS. 1A to 311., Appendix. 10'01' any ignition
time the intensity to produce ignition is less for the b'laclcened than the
unblackened lnaterial. The minimwn intensity for ignition is the sarno or
slightly higher for' unbLackened specimens. '

3. Discussion of results

increascs.

low rates of heating primarily as

inoreases the moan absorptivity

The ratio of the intensity to ignite a blackened material (IB) to
the intensity to ignite the unbIackenod material (lUll) is given in
l"ies; 1, 3. II- for different ignition times; This ratio is the effective
absorption factor for the unblaekened material and increases with
ignition time reaching a steady value for the longer times. It is
thought that the rise in the ratio ,ri th exposure time is a reflection

. of the rolatively ,longer period of irradiation in the charred L, e. bl.ack
condition at low intensities of irradiation. If tho surface of a specimen
reaches the charr:ing temperature after exposure time T1 and the iGnition
temperature after a further time ~'2 thcn the ratio T2 ,rill be larger

T1
a result of surface cooling. As

/
I
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~1'ht:1 intl-;l1sity to ignite Yl11i te and 'yellow blot ting paper' is compar-ed
with the ir.tensity to ienite green blotting paper in }?ig. 2. In bhe
absence 'of black blotting paper tho absorptivitics ::U:O . only given rclo.tivo
to green blotting papcr , Tho ratio JE...: f'or' cotton nnd i'iltcr paper

'11rB
doo e not V'),r.~r so lnf:x'!-:cdly v/ith i[~nition timo aa tho ratio for tl10 voods ,
Tho cf~'cc',;iv0 o.b:3orpi;.i.rm fnctort~ obt;:.d.nf\c1 .from the connbanb partu of the
curves D.:'~) givml i:1 Tf..'.ble 2. '

F..fi'cctivc abeor-pt i.on f'actior-s for cliffCl1 ent matorials

~ II ;,hterial: I
r--- -- --,...._.--J.

H::ttu:-n.l lil?1.11og''l'iy
II ccd:..: .

() . II 'Jck
"':!hitc cot ton

--_.-._--"---+
H:3:i:.Ul..:.l fibreboard
White cotton

'/ Nntur'~l oak
!

...

Sour-ce of radiation Till\O to ignite Absorption
s factor

I

C~bon 3rC lomp OVE!r 10 0'95
Over 7 0.85

I Over 10 0'7
Over 3 o- 3._.

Panel Over 15 1·0 -.J
,~-,

Ovor 15___-~:~

I

Tungsten lamp Ovcr is 0.6

I •

I
j .

I
I

j
I

The variation of' absorptivity with wave Ienguh has been measured "
directly over the rnwolength rallee 0-4 ../·tt to 3·1.. ·.... /f.,~for nabur-aL fibre
in~ulation board, mahogany anti oak at the i'Tn.tional Physical Labor-abor'y ,
'i'ho absorption fnctors for the 'l;hree sour-cea of' radiq.tion have been'
calculated for thi 8 wavc Lengbh r-ange and ar-e given in 'l'ablo 3.

Table 3
(1

Absorption factors for nuturo.l woods,

Absorption factor

j,{aterial --I

1, 100~( 3,OOQoK Carbon ore
black body black body

sour~~~
I

Fibre insulation 0.61 0'33 0'35
board

Oak

I
O·71 0·45 O·4fj

Ninhogo.ny o· 64- 0·41 0'46 .
I

I I..____ .J

One lIould expect that as the ignition tir:Je approached zero the
ratio In/nIB wouLd tend to a' vaIue o que.L or slightly great or than

the calculated values eiven in Table 3, tl~ extent of tho excess being
dependent on the relativc magnitudes of the heating necessary to
produce charring and to produce ignition. Unfortunately it has not
been poeafb'Lo to obtain values of' TB. for very short' ignition times,

:mB .
but it does appear possible' to extrapoIane the curves to vnlues nt
aer-o iGnition time whi ch are in reasonable agreement w:i.th those in
'l'ahl.e 3 eXC61)t that for fibrebourd \'lith the panel source (curve 1,
Wig. 3) the limiting value exeeeda tho calculated vulue by about 0.2.

/ .,,
/
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It has been observed that the nurumum intensity for some of the
unbLaclccned or white spe oamcns is slightly higher than for blackened
spe cdrncnn of the same kind and it may be that in the process of charring
the volatiles become exhausted.

'1';,-:: exp arunerrt e sh,)";I that tho effective absorption varies \1ith the
exponui-e timo by r..s much as 60 ;>01' cent. As che iunition time increases
the effective absorption factor reaches a constant value and estimates
of this have becll obtained for ovcn dry fibre inoulation board, 'lak,
mahogany, cedar, Ghite filter paper and \!hite cotton. .
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FICr I COMPARISON OF INTE:NS/TY TO ICxNIT[

BlACKfNED (IP) AND UNBLf'.CKf:.NED (I,u~).,

SPECIME.NS wiTH CAPJ30N ARC souRce

FIG: 2 COMPARISON OF INTEN 3:TY TO IGNiTe

C-oI'i'£[I'J (Ie,,) AND iELLO'v'/ OR WHITE" (Ie)
BLOTTING P/\PER I,-/ITH eMIBON ARC SOLlRCE

MAHOG,4NY (I)

FI.BHEBOA?-D 2)
CED/\R . (3)

_ ... --- O/U,\ (4)

-.-.- COTTON (5)

.......... FILTER PAPER/6)

(.rBEEN /yt.LLO v.1 (I)

CtREEI'.!/ wHITe (2)
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