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THE RELATIVE SENSITIVITY TO IGNITION OF TOWN GAS/AIR MIXTURES CCNTAINlliG
18, 12 ;\J~ 6. 5 PER GEl'lT GAS

by

E. H. 00lennn

IntrOduction

An investigation of the hazards from sparks from magnea ium-basp
alloys has been made by the Safety in Mines Research Establishment ,~1).
Under the conditions of those experiments it was found that a 6.4 per
cent mixture of rrethane in air was ignited more easily than richer
mixtures. The initiation of the explosion was by SPJ.NS frOm the
impact or friction of aluminium or magnes Ium on rusty steel or iron.
The explanation suggested for the sensitivity of this weak mixture was
that the combustion of the light metal consumed some of the oxygen around
the point of impact and thus increased the local conoentration of methane

, to a more flammable 'point. The mi.xture oontaining 6.4 per cent methane
is thus not neoessarily the most sensi tive to ignition by other sources
s uoh 'as flames or e Leotric sparks. '

The work at the Joint Fire Research Organization (2), (3) on the
s park hazard from aluminium paint was made with an 18 per cent mixture
of town gas in air whioh was, at that time, oonsidered to be the most
easily ignited. In view of the results of the wor-k at the Safety in
Mines Research Establishment the earlier WON has been rev icwed , and
fresh experiments made to asoertain whether the conclusions required
modification.

Experimental

In this series of tests the' paints were considered merely as
igniting sources since it was the gas mixtures and not the paints which
were being compared. Therefore from the results of the earlier work
a selection was made of six paints which 'covered a variety of composi­
tions and a range of incendivity of sparks produced fran th\'l'ri.' Fresh
samples of the paints, described in Table 1, were obtained from' the
manufacturers.

The test' procedure was the same used previously. A single o oa t
ofthe paint was applied by brushing on to a well rusted mild steel plate
11 in. x 3 in. x 8 in., and after drying for 48 hours at room temperature
it was examined by striking in a dark room with a clean mild steel bar
~ in. diameter and 1~ in. long. Those specimens which gave visible
s parks were then examined further by striking in an 18 in. cubical box
containing a predetermined mixture of town gas and air. Preliminary
experiments with a flint gas lighter showed that a 6.5, per cent mixture

,was the weakest which could be ignited in the box. Each PJ.inted
s pecdrrcn was examined in 18 per cent, 12 per cent and 6.5 pe'r cent gas
mixtures. The number of strokes that had been given when :an explosion
occurred we a noted. If no explosion occurred with fifty strokes the"
sparks were considered to be non-incendive. The blows were glancing
blows struck at random, and no attcmpt V/aS made to vary the angle of
imPJ.ct or the force ays berraH caLl.y, l.fter being examined, the

,'specinlens were heated for 48 hours at 150°0, .and after 'cooling were
retested, first in, the, dark room and then in the explosion b ox, They
were then hcated to, 200°0 for 48 hours. ,The procedure was re peated and
the heating temperature raised by 50°0 at' each repetition up to 400°0.

The results of tho ,tests ,arc given in Table 1.
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TABIE 1

IGNlTABILITY OF TOWN GAS MIXTURES

Previous work Pre s e n t W ° r k
(18 per cent gas)

~

R)f. No. ( ) 10 strokes in 50 strokes in explosion box
F.C,<1 J. App 2 Preheating dark room

PAINT R e suI t s Note Chern,
33/1950 tempera tu:re No. giving Brightness Concentration of gas

(1) (2) °c sparks , (per cent by vol) .
-, 18 12 6.5-- ,--.;-.--,

'-
Med:;';:;m c~l, Explcs icn at twenty-two 8 2 R00m 3 :Medium I x x x
varnish base. strokes after heating 150 3 feeble I x x x

to 2500C in gas but no 200 8 II X X X

" , - , ---- _exp19sion ,in_,gas_or_C~_- - - 250 10 medium 3 6 x--_._-- - --_. --- ---- --~--~--

12'
-- , " -

after heating to 200°C. 300 10 bright 19 x
- 350 10 med.bright 12 6 -x

400 10 II' \I 24 x x

Long oil paint. Explosion at twenty-four 9 37 Room 0 - x x x
strokes after heating 150 0 - x x x
to 250°C. Explosion in 200 8 bright x x- x
CS2 but not in gas after 250 10 II 3 2 27
heating to 200°C. 300 10 medium 37 6 x

350 10 med.bright 15 3 x
400 10 very \I 5 29 x

Alkgd base for Explosion at four strokes 11 5 Room 0 - x x x
150 C. after heating to 300°C. 150 4 feeble x x x

Explosion in ~ but not 200 10 very bright x x x
in gas after heating to 250 10 bright to 3 3 29
200°C. brilliant.

300 -ditto- x x x
350 10 bright 50 x 38
400 10 med-bright - 25 x x

I-- --- -



TABIE 1

(continued)
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Previous work

(18 per cent gas) Pr e s e n t W 0 rk
.. - . --- - .

'. .' Ref. No. 10 strokes in
",

F.C.(l) App(2 ) Preheating dark room
,.

J. 50 strokes' in explosion box

PAINT R e's u. 1 t s Note -, Chern.
temperature

33/1950 °C No. gavang B1;'ightness Concentration of yas
(1) (2) , sparks (per cent 'by vol

'18 12 6.5
1-----'-'_':". - --1----.

6~J_ '].:x,He ° " No' e::plosion but bright t·,,",·~ r;11.Lfor 600 C 16 10 Room b ... .L .......... X X x
sparks after heating to 150 10 n x x x
25000. 200 10 :I

X X x
250 7 medium x x x
300 10 n x x x
350 10 n

.
X X x

400 10 feeble' .'to x x X
. medium

Bituminous paint. Explos ion at twenty- 18 12 Room 3 feeble x x x
three strokes after 150 0 - x x x
heating to 20000. 200 4 feeble x x x

250 10 n x x x
300 9 n x x X

·350 J.O med. to x x x
bright

400 . 10 feeble to 'x x x
medium.'

;

Synthetic'resin
" ,

RoomExplosion at fifty 17 11 .. 0 - x x x
, .

for 600D:F. strokes af;;er heating 150 4 medium x x x
,

to 200°C. 200 10 bright x x x
250 5 feeble x x x

, 300 8 medium x x x
350 10 feeble to med , x x x
400 10 n x x X, . .-. I

* Figures Lid.ica{;e t:1w.t: f!..'~I. e:·rpJ.osion occurred at that number- of s tr-oxcs x indicates no cxp.Los ion at fifty strokes.
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Dj.scuss ion' 0 f ;.~!;;' ~;:;;~
I

Since the blows were strucl! at random 1'0 iz doubirfuL whether the
number given before an explosio~ occur-redrcan-be cona Idered to be a
complete index of the sensitivity to ignition of thll gus mixture, for
an explosion could be caused eqUally probably by the first or the'
fiftieth blow, bhcr'cf'or-e , notice' was, taken only of Y7hether or not an
explosion occurred and the -number' of bLows has not been taken into
account, although the figuros hare been included in Table'l,

With each of the six paints l tru~re were t.wenty-one tests in each
gas concentration. In the 126, 'tests thGru W81'e twenty-two explosions,
e Leven in 18 per cent gas, eightl in 12 per ce nb , and only three in 6.5
per cent. ' I

, \
No explosion was initiated by any s pocamcn in either 12 or 6.5,per

oent gas where there had not bee~ an explosion in the 18 per cent mixture.

Inoendive sparks were 'ontailed only f~'om the medium oil length paint
(No.8), the long oil paint (No. 19) and the alkyd base p3.int (No. 11). ;

, '

Sparks fran paiht No. 11, pr!eheated to 55000 caused explosions in
6.5 per cent and 18 per oent mixtures but nc~ in 12 per ccnt. With
this p3.int four of the six explosions produced occum-ed only after a
large nunmer of 'blows had been st'ruek, and with the paint heated to
35000 the numbers wer-e 35 and 50.; Although the number of blows has not,
been regarded as an index of incendivity, it is reasonable to assume that

" there is less ohanee of an inoend:ive spark from this, paint than from one
", whioh oonsistently produced explosions from a snnlle'r number of blows.

For this reason sparks from paint',No. 11 woul.d be oonsidered to be not
very' inoendive, and thus the non Produotion of explosion in the 12 per
oent mixture is not cons idered s ignifican t iIi ihe cvaIua tion of ihe
different gas mixtures. 'I

The results indicnte that, iA these experiments the 18 per cent
gas mixture was the most sensitivd of those cxamaried ,

This conclusion is apparcntJ different from t~t obtained fromthc
experiment at the Safety in Nines Rcaear'oh E:>tablishment but there arc
sevel~l differenees in the condit~ons which will have affected the'
results and whf.ch should be noted.!

At the Safety in Mines Reseal~h Estnblisl'I,1cnt the spa;]m were
produocd by a striker of solid met~l Vleigh"'3o, ';;0 36 lb. which fell
through distances varied be tween li and 7t n, to strike a rusted steel
girder. The erergy dissipatec:. '7as considerably more than at' the Jciint
Fire Research Organization with a ~teel st:i:'~.1::e,,, wci.ghtlng 1t lb., manipula-
ted by hand and ,striking a film of!aluminj"Jr, jOuint. The larger striker
and greater expenditure of energy Tfould bo expe obed to produce larger
flashes, oonsuming more oxygen, The effect of variations, of gas
aoncentra tion would thus be shown IJJore Wit:1 t!l'3 bigger flashes.
Additional to the differences betwqen the effeots of the energy eXgended,
and the types of surface in oontaot, differenoes of gas oomposition also
produce effects. Town gas contafria high c.vnccntrra td.ons of hydrogen
and carbon monoxide.' The lower frammable limits of these are not far
removed from that of 100thane , 'tut ~hfi upper limits nrc very much higher.
T~is inc::eases the fl~llble range ff tm:m gas and the most sensitive
mtxtarre ~s not 'necessarlly the same

l
as W~ th msbbane ,

The brilliance of the sparks produced from paints No. 16, 17, 18
was redu oed after the s peoimens hadl been heated beyond a particular
temperature. This effect was noticed with some paints in the earlier
wo rk, I'

I
Visual observation'of the a parks was not a reliable guide to the

inoendivity. I

t'

""I



-3-

Conolusic·~·.:'

The results show that under the cond.i.t i ona of these experiments
the oonclua ions from the resul ts obtained i::1 'the ear liar worle with
18 por cent to'in gas do not nced modifying.
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