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The _eff",ci; ()'f oJIYgen enrichment of the atmosphere on

flammability has been examiiled for a number of fabrics, and
also some flame _~tardant treatments have been corapar-ed,

VI 001 fabrics, which did not bum in air, burnedvreadd.Ly
in atmospheres enrd.ehed -only slightly with oxygen,

With flame retardant treatments there was a w,~ight of
deposit above which there was little or no increase of
protection, and also there was a level of oxygen concenera-:
tion above which all treated fabrics burned;
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THE BURNING OF FABRICS IN OXYGEN ENRICHED ATMOSPHERES

by

E. H. Coleman and G. H. J. Elkins

PARr I.' COMPARISON OF FABRICS

lNrRODUCTION

...~.

)

The clothing of persons engaged in operations where a fire hazard exists,
may' be of material of low flammability such as wool or a flammab:ie material
such as cotton, but treated to make it flame resistant. The testing and ,f

perf9~ance of industrial clothing is specified in British Standard 1547 :
1947~l} and American Society for Testing Materials Standard D626/41 T. These
specifications relate to fabrics b=ing in air and, although it, is r-ecogrri.sed
that the hazard is increased if the atmosphere contains more than the normal
oxygen content (20.9 per cent); little published information is available
concerning the extent to which the protection is reduced by a higher oxygen
concentration. '

The results of some demonstrations in U.S.A.(2) have been published, bUt
the information was qualitative and insUfficient to permit the hazard to be
aaseaeed,

Some experiments have been made to examine and assess the effect of ' .
enrichment of the atmosphere on the flammability of fabrics.

EXPERIMENTAL

From the results of previous worl<: at the Joint Fire Research Organization(
it was decided that the best criterion of flammability was the vertical f~e
speed, as measured on a strip of fabric 6 ft by It in. and hanging verticalILY.

Fabrics

'The experiments were made with fabrics used industrially. These were
heavy and medium weight wool fabrics, cotton drills as used for boiler suits

. or overalls and heavy terylene fabrics. It was considered that no useful .
purpose would be served by testing light ,weight dress fabri(:S.

The fabrics are described in Tables 1 - 3. Before being tested the
strips were conditioned for 24- hours in air at 670F and 67.1)er cent relatiVYJ
humidity.

Apparatus

The strip of fabric was suspended from the ann of a torsion balance in a
sheet steel, glass fronted cabinet 7 ft 6 in. x 1 ft x 1 ft. ,Mixtures of air
and oxygen were introduced at the base of the cabinet and passed out at the ,
top. .

,

The flow of the gases was adjusted to
hour, giving a lineal speed of 0.06 m.p.h.
to produce a n forced draughtn effect.

give 4D changes of atmosphere per
This was considered to be too sloVi

The oxygen concentrations used ranged between 21 and 50 per cent. No
information could be obtained concerning actual concentrations likely to be
encotmtered bUt it was assumed that 50 per cent wouldbeare;:l3onable practical
li~. '

The compositions of all of the gas mixtures were' checked by chemical
analysis.



•
The strips were ignited bi a' 2 in.' high luminous gas' flame from a i in.

bore bumer manipulated into position under the strip from outside the cabinet,
and extinguished after the strip was ignited.

These conditions were thus different from those of the previous Joint
Fire ,Research Organization experiments where the specimens were bumt in free
air, but duplicate tests showed that the results obtained in the cabinet were
reproducible, although they varied from the results obtained inf'ree air.

The loss of weight as the fabrio bu.med was recorded photographically
from the movement of the torsion balance ann and the vertical flame speed

. was calculated from the traoe so obtained. The results are given in the
tables, the effect of o:x;vgen ooncentration on the flame speed is shown in

, Fig. 1 and the effect of o:x;vgen concentration on the solid resi&le is shown
in Fig. 2. ." .:..-

): :1) ..' ....
RESULTS

Woollen fa.brics (Table 1, Figs. 1 and 2)

Two woollen fabrics were examined, one a heavy Melton (or box) cloth
and the other a lighter serge unifonI! oloth.,

In air, both of the fabrios were difficult to ignite, they burned very
slowly, and only whilst in contact with the igniting flame.

When o:x;vgen was added to the ataosphere both fabrics ignited more readily,
and .at first the flame speeds increased with increas~:ag oxygen oontent, as
shown in Fig. 1. In the.range of oxygen concentrations between approximately
30 and 4£J per cent with the Melton cloth and 23 and 37 per cent with the serge,
the flame speeds remained approximately constant, and at oxygen concentrations
above 4£J per cent the flame speeds increased again. The lighter serge was
ignited more readily and burned faster than the heavier Melton cloth.

Both fabrics left a plastic, frothy residue which hardened on cooling.
The proportion of residue decreased as the o:x;vgen concentration was increased
(Fig. 2)•.

Terylene and a terylene mixture (Table I(a))

Two fabrics were examined, one was a heavy canvas type material of pure
terylene, and the other was a woo)/terylene mixture as used for suitings.

I Both materials burned in air. .The pure terylene canvas melted and dropped to
the floor of the cabinet where the molten mass continued to bum. This made
it difficult to measure the actual flame speed and the figures given in the

• table are thus rates of disintegration of' :the fabric rather than combustion
rates. The woo)/terylene mixture burned rapidly without melting or falling
aWa::J. The wool appeared to fOnI! a matrix On which the molten terylene was
supported while it bu:med.

The results of the tests indicated that the traditional low flammability
of wool in air a:ff'orda only a limited protection when the o:x;vgen concentration
is increased above the atmcspheric level and some experiments were made with
fabrics treated with flame retardants.
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!Alat 13.5 30.0 6.1 1,..80 53 • •

Bar10 ac1d 30l 8.6 21.0 - - - Did not bum.
~ 70 8.6 29.6 - - - • • ·8.6 3"-0 16.8 1.16 219 175 .... bu=t.

8.1> 38.0 15.1 1.15 220 150 _ ·8.6 1>8.0 10.0 1.10 230
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PART II. COMPARISON OF FLAME REJ'ARDANr TREA'rMENrS

, ..

FLAME RETARDANr TREATMENrS
,

A considerable amount of work on flame ~:l;ardant-treai;mrtsof textiles
has been carried out by Ramsbottom and Snoadl 4) and Littlet5 ~p. the present
position is. summanzed in a British Standards Committee Z''!>ortA 0). The
results, however-, are concerned with fabrics burning in a:i.r•

. Many fire retardant treatments are aVailable; some are proprietary,
while others can be applied simply by dipping the fabrics in th~ appropri8.tc
solution, and of these the most effectiv!, are those contaJning boric or
phosphoric acids, or their saltiS, either singly or mixed. .

,. Some fabrics, treated commercially with flame retardllIlts,- were available
and the preliminary experiments were made with them.

PRELIMINllRY EXPERIMENTS

P.V.C. coated fabrics (Table I)

Some tests were made with two p.VoC. coated cotton f'abri~, one a h:,a:;;y
material as used for wagon covers, and the other a lighter material more
suited for aprons and such types of protective clothing, The weights of tht!J
PoV.C. coatings are not known. The lighter fabric burned. in 26'per eent
('xygen with the prodlletion of cOpious acrid fumes which appeared to erlin.guish
the flames. A test was then made in a rarher- lower oxygen concerd;<,at:bn
(25.2 .per cent) but with an exhaust fan fi·,ted to the top of the cabinet Dn'cl.
the total gas flow incr.eased to the limit of the apparatus, viz. 55 changes
per hour. The flame speed increased slightly from 2.6 to 2.9 cnVsec. Th~
length of the strip burned also increased and there was a reduction in the
weight of carbon and ash. In these conditions the heavy canvas burned.
completely, although the flame speed was lower than that or the l:i.ghter
material. . \ . .

Cotton drill treated with a proprietary flameproof treatment (Table I) .
. .

An. examination was made of green cotton drill,. untrea.ted, and also afte:t"
treatment with a proprietary flameproof treatment. The treatment had ac1:3.e.d
.20 per cent to the weight. The treated material did not 1)= in ai:", bur. in.
both 25 and 30 per cent of oxygen there was little difference betveen th(;; :,:'ww;:
speeds of the treated and'untreated fabrics both of \Vhieh burned reacU.1yo
There were, however, differences between the proportions of ash and carbon.

From these results it appea:red that, broadly, the proi;ection affo:'de~

by fabrics treated with PoVoC. or the proprietary treatment, was of Y. si:'l.i.lar
order to that for wool fabrics of comparable weight•

. A further' series of tests was then made with treatments with soluble 'salt'S
which could be applied in the laboratory.

COMPARISON OF SOLUBLE REJ'llIlDMlT.S

.The tests were made with t\Vo types of cotton drill .at: used for oveI'1l1ls
and warehouse' coats.. In one series a khaki drill was used. and in the other
series, which included the majority of the tests, a white unbleached. dr.ill was
used.

Strips of fabric were soaked in a solution of the retardant, dried and
wed.ghed, and the treatment repeated until the required weigb.t of deposit had
been obtaaned, As with the earlier tests, the specimens were conditioned
for 24 hours at 670F and 67 per cent relative humidity, and loose fibres on
the edges of the strips were' cut aw~ before they were tested.

- 3 -
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The retardants have been suggested by previous workers(4)(5) and some,

especially Nos. 1 .and 5, have found a place in official publications.· The
mixtures used were:-

1 70 per cent borax and 30 per cent boric acid. . _
2 60 per cent monammonilim phosphate end 40 per cent boric acid.
3 40 per cent monos.oilium~.phosphate.e,nd.60 per cent boric acid.
4 40 per cent disow.um phosphate and 60 per cent boric acid.
5 40 per cent trisoilium phosphate and 60 per cent boric acid.
6 Monammonium phosphate.

RESULTS

. Khaki Drill (Table 2, Fig. 3)
e

Tests were made on the fabric in ilifferent concentrations of oxygen,
and before and after treatment with monammonium phosphate or a mixture of
30 per cent boric acid and 70 per cent borax. It was evident that the
boric acid/borax treatment was superior to the monammonium phosphate, and
also. over the range of oxygen concentrations used, there appeared to be
an upper limit to the flame speed of the treated fabrics, beyond which, .
increasing the oxygen concentration produced no change of flame velocity.
The limit was ilifferent for each retardant and concentration. The ash
contained notable amounts of chromium compounds, presumably from the aye or
mordant, and also the ash increased with rising oxygen concentrations.
This may have been due to more complete oxidation of the chromium compounds.
It thus seemed probable that this was interfering with the combustion. and
the conclusion was con£i.nned when the flame speed of washed fabric was shown
to be higher than that of the original fabric.· Accordingly, subsequent'
-tests were made with a white, unbleached drill of similar weave. .

White unbleached drill (Table 3, Figs 4 and 5)

Flammability tests were made with the white drill as received, and after
treatment with a mixture of 70 per cent borax 'and 30 per cent boric acid.
The results of the tests are given in Table 3 and the variations of flame
speed with oxygen concentration are plotted in Fig. 4. As with the khaki
drill the curves inilicated that, with each concentration of the retardant,
there was an upper limit to the flame speed, whatever the oxygen concentration.
It also seemed that there was an oxygen concentration above which the fabric
would bum, Whatever the concentration of retardant. These points were
examined more fully and comparisons were also made of ilifferent mixtures of
boric and phosphoric acid compounds.

Comparison of treatments

•c:

•

,....

•

•~

In :the experiments to compare ilifferent treatments it was decided not to
use flame speed as a criterion to assess the effects of oxygen concentration,
because it required the use of replicate strips with closely controlled weights t
of deposit. It was ilifficult to achieve this control with the facilities
available and accordingly. ilifferent criteria were adopted. These were V
(a) the oxygen concentration above which the fabric burned, however much
retardant had been deposited, and (b) that weight of retardant above which the
retardant had little further effect. These measurements could be made without
using replicate strips and a large number of tests was unnecessary. . .

The results of tests with the white drill and using mixtures of boric acid
with either borax. monammonium phosphate, or one of the three soilium phosphates
are given in Table Z. and plotted in Fig. 5. ,.

In Fig. 5, strips in oxygen concentration and with retardant: concentrations
on the hatched sides of the curve ilid not burn and those to the right burned,
For each of the mixtures. there was a level of oxygen concentration above which
the. strips burned whatever the weight of retardant and also there was little
advantage in increasing the weight of deposit above a certain V8J.ue.

I
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J. TABLE 4-

Limiting values- of o.xygen conoentration and weight of df;posit

r-----.----------~-~-----~---->~.......~---~--------.-
L imi.ting value

\
\

I-------......-------t•..,
, (" \
I

Heta.r9ant
Concent ration

of oxygen
above which

the re+,ardlmt;
i.s ine±~rect:i.Ye~

per cerrb, (vol..)

Weight of
deposit

above which
inclreased

probecbf.on
is low

per oen'~",

Boric acid 30 per Celltw Borax 70 per c:en-t;~

• n It 60 II tI Monosodium Phosphate 40 per cent..
" fI 60 II II Dieodium Phosphate 40 II II

It II 60 II It T risod:i,um It 40 II II

It II 60 It !, Ma..llammonium If ¥J II "• .
- - -~ - -

"-
",

•

.,

The mi:x:tl.lre contain.iD.g borax is more effective tb.an H2lY of' the others,
l)o'f.;h with regard to the wei.gh.t of depo/:d.t req'lJired and tll!l limi.ting. '):x;yge:uI' ,
ClOrtcentra.t~on.(jO

It will .be noted.. that weight; of' deposit of the boric acid/bo:cax
approrimates very olosely to i;he 10 per c;ent~ recommended in many publ.Lcatd.ona,
It is probable that the limits of oxygen concentration and weight of deposit
will vary witil l;he weigh-t of t.he fabric,.

DISCUSSION -AND CClNCWSIClNS

The experiments. have shewn iJJ,at 1;;hl? traditional low :t'laJ~lmability of. wool
fabrics cannot be relied upon to a.f'tord protection in oxygenabed atmospher-es ,
and that the PoVoC" coated :Cabric:s and s.,ynthetic fibres behave similarlyo

Tests of cotton. fabrics treated with flame.oretardant salt.s showed ·t:r..at
i;he 30/70 boric aoid/bora:x: mixture was better than boric acid/phospha.te
IIdxtures...

There is a level of o~gen concentration shove which all the treated
fabrics burn, and a,. concentration of retardant above which no improvement. in
f'lame resistance is obtained"

l~.' In British Standard Specif:i.ca.ti.on No" 1547 for f'Lame-proof'ed industrial
clothing, the. spread of' flame, as measured from the length of char is limited

.... ) .. to 3i dns, , but the pz-esenb work has. shown that fabrics which pass this test
.c . will bum if the oxygen concentration is above a' particular criticaJ. lev-ela

r It is therefore di.fficult to propose limits of flame speed and flame spread
which 'could be embodied in a specii'ica.tion.. It j.s suggested in this repor:t,
however, that :in additiOIl to comp'Iydng with B.S. 1547 the :flammability rating
of' the material. in oxygenaty9.. a.tmospheres should not be lower than that
recommended in B~S .. PD 2777~b) V'iz. 150 aeconds for a flame tralTel of 100 inches

- .... !OO'ERENc]s

Flameproof Industrial Clotbing (Materials and Design) B.S. No. 1547 ~ 1949
British Standards Institution. London",

BA.LIJWm, W4 J. and HOLIBER, J. A..
(3) 26..

Nat .. Safety News (1957) Sept~ ]§,



•
3. LAWSON, D. I., WEBSTER, C. T. and GREGSTON, M. .r, The f'lammabil~ty of'

fabrics. Department of Scientific and Industrial Research and Fire
Offices' Committee Joint Fire Research Organization.L.1'.J!. Note No. 10'7/
19.54.

4. RAMSBOl'TOM,·J. E. The fireproofing of fabrics. H.M.S.O. 1947.

5. LITTLE, R. W. Flameproofingtextile fabrica~ Rheinhold Publi.sWng Co.
New York. 194-7.

6. The f'lammability of apparel fabrics in relation to domestio burning
accidents. PD 2777/1957. British Standards Institution. London.
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