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.. SUMMARY

Thq_éffgqu'gf,&iq;gm enrichment of the atmosphere on
flammability has been examined for a number of fabrics, and
also some flape retardent treatments have been compared,

Wool fabrics, which did not bum in air, bumed readily
in atmospheres enriched only slightly with oxygen,

With flame retardant treatments there was a weight of
deposit above which there was little or no increase of
protection, and also there was a level of oxygen concentra-
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

PART I, COMPARISON OF FABRICS
INTRODUCTICN

The clothing of persons engaged in operations where a fire hazard exists,
nay be of material of low flammebility such as wool or a flammable material
such as cotton, but treated to make it flame resistant, The testing and
perf?zglance of industrial clothing is specified in British Standard 1547 :
19471} and American Society for Testing Materials Standard 0626/a1 T, These
specifications relate to fabrics burming in air and, although it is recogniged
that the hazard is increased if the atmosphere contams nore than the normal
oxygen cantent (20,9 per cemt), 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
assessed,

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

EXPERTMENTAL

From the results of previous work at the Joint Fire Research Organizax_ticm(
it was decided that the best criterion of flammability was the vertical flame
speed, as measured on a strip of fabric 6 £t by 1l in, and hanging vertically,

Fabrics

"The experiments were made with fabrics used industrially, These vere
heavy and medium weight wool fabrics, cotton drills as used for boiler suits
.or overalls and heavy terylene fabrics, It was considered that no usef‘ul
purpose would be served by testing light weight dress fabrics,

The fabrics are descmbed in Tables 1 ~ 3, Before being tested the
strips were conditioned for 24 hours in air at 679F and 67 per cent relativd
humi dity,

Apparatus

The strip of febric was suspended from the arm of a torsion balaﬁce in a
sheet steel, glass fronted cebinet 7 £t 6 in, x 1 £t x 1 £, Mixtures of air
and oxygen were introdnced at the base of the cabinet and passed out at the
top.

The flow of the gaseé; was adjusted to give 40 changes of atmosphere per
hour, giving a lineal speed of 0,06 m,p,h, This was considered to be too slow
to produce a "forced draught” effect, )

The oxygen concentirations used ranged between 21 and 50 per cent, No
information could be obtained concerning actual concentrations likely to be
encountered but it was assumed that 50 per cent Would'bea.masona'ble pract:.cal
limit, )

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




The strips were ignited by a 2 in, high luminous ges fleme from e $ in,
bore bumer menipulated 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 previcus J oint
Fire Research Organization experiments where the specimens were burnt in free
air, but duplicate tests showed that the results obtained in the cebinet were
repmduci'ble, although they varied from the results cbtained in free air,

The loss of weight as the fabric bumed was recorded photographically
from the movement of the torsion balance am and the vertical flame speed
‘was calculated from the trace so obtained, The resulis are given in the
tables, the effect of oxygen concemtration on the flame speed is shown in
Fig, 1 and. the effect of oxygen concentration on the solid residue is shown
in Fig, 2, i

- . U

RESULTS : 1L
Woollen fabrics (Teble 1, Figs, 1 and 2)

Two woollen fsbrics were examined, one a heavy Melton (or box) cloth
and the other a lighter serge wmiform cloth,:

In air, both of the fabrics were difficult to ignite, they bumed very
slowly, and cnly whilst in contact with the igniting flame.

When oxygen was added to the atmosphere both fabrics ignited more readily,
and at first the flame speeds increased with increasiag oxygen content, as
shown in Fig, 1, In the range of oxygen concentrations between approximately
30 and 40 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 40 per cent the flame speeds increased again. The lighter serge was
ignited more readily and burmed faster than the heavier Melton cloth,

Both fabrics left a plastic, frothy residue which hardened on cooling,
The vagor‘tn.cm of residue decreased as the oxygen concentration was increased

(Fig. |
Terylene and a terylene mixtur'e (Table I(a)) ‘

Two fabrics were examined, one was a heavy canvas type material of pure
terylene, and the other was a wool/terylenc mixture as used for suitings,
Both materials bumed in air, The pure terylene canvas melted and dropped to
the floor of the cabinet where the molten mass continued to burn, 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 wool/terylene mixture burned mpldly without melting or falling
avay, The wool appeared to form a matrix on which the molten terylene was
supported while it burned,

The resulta of the tests indicated that the traditionel low flammability
of wool in air affords only a limited protection when the oxygen concentration
is increased above the atmospheric level and some e;@enments were made with
fabrics treated with flame retardantsg .
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TABLE 1
Results of flsmmabllity tests an fabyics in atmoppheres emrioched with cxygen
(a) ¥Wopl, Perylome, P.V,C, treated cottom, mod ootton treated by s proprietary process
Total Carbon Vertical
oxygen oantent aod Ash Tlame Rating
Deacription of sample per cent, vol, por oent, wt. spesd Camments
(Air telen as 21%) an,/sec, secs./100 in,
Blus Melton Cioth ‘wa 21,0 49,0 C.51 500 Only » fow centimetres burmt,
watarproofed 22.4 41.0 0,63 00 =" o- " 4
0.0738 ?2 e b .0 1,26 202 Flamo travelled £0 co.
21.6 oz/ya 25,6 32,0 .23 206 - - 90 o,
30,0 12.6 1.85 137 Burnt ocompletely {180 om),
M, 12,6 2,10 120 . .
41,8 ' 8.0 506 62,5 o . Ignited very roadily,
o0l 2,0 62,0 0,76 335 12 om, bant,
22,4, 51,0 2,50 106 155 em, burnt.
0. ge =, 32,0 2,60 98 Burmt ompletely.
15.7 os/yd 30,0 22,0 2.60 98 » "
40,8 12,7 3.10 83 - .
41.b 1.5 7.00 36 - o Very rapid spresd along edgoes,
White Terylene Canvas 26,2 n.d, 1.1= 217 The matorial melted and dropped to the base of the
5,035%% ??2 30,0 " Q, 955 268 cabinet where it burnmed fiercely, The fabric
1.6 ox/r 8.4 " 1" 176 tended to produce locse fibres where it had been
oat and the flame travelled along these loose onds,
(D 8ee note in text.)
Terylens/wool mix 21,0 40.0 1,96 130 85 m. burnt, The flame travelled very quiokly -
. 26,6 4,0 3.32 m Burnt ocmpletely.) along the loose strands on the
7.3 ox/yd 36, 2.0 5.45 M . . cat edges.
v ted Cotton Cloth 21,0 - - - End charred but 4did not bum, o
26,2 29.5_. - 2. 80 98 72 an, burni, Appesered to be extinguished by fumes,
16,2 o:;rlé : 25,2 . 2,90 88 110 e, burnt, Flow rate ingreased to 55 changes/hr.
B V,C, Coated Canves 26,0 54,0 1.60 159 Burnt completaly.
0,
22,7 oz/ydgn
Green Cotton Prill 21,0 3.2 3.80 67 .
0,025 om 25,6 2,3 5.00 51
7.6 on/ya2 30,2 2.2 5.70 hh
Green Cottan Drill
treated with proprietary
flawe re t 21,0 - - - Dia ot o, Trestment incrossed
0.0509 gm/cm 25.4 50,4 5,00 51 weight by approximately
9.1 ox/yd? 30.0 32,3 6.40 k0 20 per cent,




TABLE 2

Repults of flammability tests on fabrics in atmospheres enriched with oxygen

ts with Cotten 0,0 2,10 2) )
Treatment
Added Total Carbon Vartical Rating
weight axygen ocontent and Ash flame . Gooments
Descripticn oent por cent, wol, per osnt, wt, spead soos, /100 1in,
. g:.rn.l 1o {Air taken as 21,08 . /seo,
As roceived - 21,0 40,0 110 230 60 an, burnt, ‘
25.3 40,0 2.5 92
29.6 5.8 J.60 70
Viashed lost 12,5 21,0 6.0 2,10 120 Strip hung in free air: burnt ocompletely,
" loot 13.5 21,0 5,5 1,40 180 96 ca, bmmt, : '
" loat 13,5 25.h 5.8 .60 67 Burnt complately.
lost 13,5 30,0 6,1 4,80 53 - "
Borde acld 30} 8.6 21,0 - - Did not burm,
Borax 70 8.6 29,6 - - - L n
8.6 34,0 16,8 1,18 219 175 om, burnt,
8,4 5.0 15,1 1,15 220 150 ca, "
806 #3.0 10-0 Lm z}o s
15,0 5.8 8.6 0,50 510 39 ‘an, burnt,
19,0 39,6 22,5 - 0,90 282 Burnt ocomplotely.) Pranounoced
19,3 46,6 20,4 ‘0,90 282 o . after glow,
28,3 34,6 n.d, lasa than - Only 11 om, bwrnt,
0,30
28,3 3.0 35.2 0.73 345 Bwrat ocmpletely,
Monagmondum 10,1 21,0 - - - - Did not burn,
Pho: te 10,1 43,0 n.d, 2,90 88 Burtit ocmpletely,
(M), JH5¥0;, 13,0 2,0 22,0 2,10 120 o " Strang after glow,
26,3 2ho b - - - 4 not burn,
26. 25.5 - - - - . 0w M
T 21,3 26,4 57.h 1,20 22 35 . burnt,
26.5 29.8 48.5 130 196 Burnt ocmpletely.
30,7 28,0 - - - DA not burn,
30.7 29,0 - less then
.30 - Small flame travelled § am.
0.7 35.0 50,0 1,00 254 Barnt 10 om,
: . o . . . ": A I.- > ~ . . v .
A L4 \ - /\ R .
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Basults of flammbility tests on fabrics in atmospheros enriched with aaygen
eats with White unble 0,0 2 9.6 ox/ya?) \
Treatment .
AGAad Total - Carbon . Texrtical Rating
oxygen oontent and Ash £'lame ) - X Commonts
Descaription nigh‘: per oent, vol, per oemt, wt, spesd soos, /100 in,
?fm; (Adir teken es 21,08 om, /sec,
Koo a8 received 2.0 5.2 2,86 89 Two tests in cabinet, 45 and 49 om, burnt,
Burnt complately in free air,
25.5 L8 4.0 63 ’ ¥iane flickered, Burnt oomplstely.
29.h L8 5.2% - ] , Stoady flsme, . bl
3.0 0.9 5.50 46
K06 0.9 14,80 7 *Flash burm®,
Boric Acid 30 per cent,
Borax 70 " " S5k 2.0 - - : - Ddd not bwm,
5.6 23,8 35.4 0,40 560 2) cm, burmt,
5.4 25,6 12,8 1.7% 6 110 o, "
6.3 28,4 9.9 1,89 i34 134 amn, *
5.1 32,0 7.5 2,83 90 Burnt cozpletely.
5.4 .6 6.5 2,80 90 . .
4.8 38,0 - 6.3 4,10 62 . -
7.8 29,6 - - - Di4 not aaxn,
7.8 3.8 15,5 11 236 120 o, burnt, )
7.3 3.8 5.0 2,68 B8 Burnt complately.
10,3 28,2 - - - & cn, burmt,
10,3 30.8 - - - - 6 cm, *
10,3 31,9 - - - Burnt very slowly.
10.7 .6 11,1 1,82 139
11.3 35,8 U.5 1,56 163
10,0 39.6 8,9 2,17 17
10,7 42,0 8.5 1,85 157
S 138 . 42.4 17.1 1,2 205
16,6 39,0 1.3 Lu 230
18,5 35.0 - - - 16 on. bumt very slowly.
18,5 3.0 324 0.80 318 Burmt completely,
19,3 36,0 26,0 0,50 520 36 om. burmt,
20,0 - 35.0 33,0 0.40 670 6h om, "
19.3 37.0 29.0 0,80 318 10 . " -
iy 23.5 36.4 37.9. 0.70 350 Burnt completely,
E 23.9 .2 1,6 0,80 o " "
ol 23.4 46,2 7.6 1,36 136 " "
v 28.0 36,8 17.5 lesa than 0.30 - 25 m. bumt,
28,0 7.4 2,2 0.81 I, Burnt oocmpletely.
Baric Acid 60 per cent,
Monosodium on 8,7 21,0 . - - - Did not bum,
ghosphate LO per cent, 8.7 22,6 43,2 1,10 231 89 o, bwnt,
. 10,6 21.0 - - - Did not burn,
10,6 24,6 Burnt slowly but trace spolled,
17.5 24.6 35.3 1.13 226 67 @, burnt,
18,7 2.4 . - lesa than 0,30 ‘- 33 cm. charred and burnt,
18,7 . 25.4 39.3 . 0.96 265
24,8 26.4 31,8 C 140 182
25,0 28,6 26.5 1,50 1%
27.3 25.4 30,0 0.55 N e} 28 ca, burnt,
0.0 J 26,2 3,0 1,05 24 ’




TAFLX 3 (Cont'd)
Jests with White gnblesched &rdl) (0,0327 gn/om?, 9,6 on/ya?) {Comttd)

Treatment
Total Carbon Vertical Rating
Added cxygen oontent and Ash £lame Couments
Description m;‘ﬁ per cent, vol, _ | per oent. wt, speed secs, /100 in,
of fabrie {Alr taken as 21,0%) . ., /usc,
Boric Acid 60 per oomt, 11,5 21,0 - - - 4 not burnm,
lsodl 12,4 23.2 13.8 1,10 231
phosphate 40 por oent. 12,0 ’ 244 17.8 1,10 231 103 aa. burnt,
: 11,5 25.4 19.5 1.7 Lhky
1.5 27.0 23.5 1,73 147
9.8 30,6 13,9 2.13 11%
10.9 .0 12,6 2.45 104
18,0 24,15 - - - bid not burn,
18,0 27.2 35.0 Q0,65 36 28 ca, burmt,
18,1 . .2 1,00 254
27.8 21.8 - - - Oid oot burn,
21.8 26.8 - Very slow - 21 aa, bwrnt,
‘ 28,8 29.8 40,4 0.81 314
-Baiic. 60 per cent,
11,3 21,0 - - - Pid not burm,
4 per oent, uo} 2500 19.4 1-50 1& 83 o, burnt.
1.5 25.1 30,6 1,32 193
16,6 27.4 - - - Did not burn.
17.6 27.6 2.2 0,88 289 62 aa, burnt,
17.6 28,6 19.4 1.26 202
20,1 2h. 6 25.0 1,20 212 {
.2 33,0 25,8 1.03 246
33.2 33.4 - - - Pid not tarm,
5 30.0 - - - 21 an, burnt very slowly.
55.4 30,2 - - - Vom " " "
35. 31,0 - - - 23 o, . . b
Boric Acld 60 per cemt,
um 8-5 2100 52-5 1-“ 177 109 aa. burnt,
% 13,2 21,0 36.9 1.16 219
to L0 per cent, .0 24, 6 36,9 1,38 184
' - 15.5 21,0 40,8 - - 113 aa, burnt very slowly,
16k 27.0 31,2 1.50 169
17.2 28,0 38,8 1,28 198 .
218 25.0 36,6 1,20 212
- 2h. 2 23.8 38,6 1,20 21z
— 25,7 2.4y - - - IMd not burn,
25,9 26,8 . 56.5 0.88 289 ' &7 om, barnt.
O 8,2 27.8 - - - 10 an, burat,
- 28,2 28,4 3.0 0,93 273 :
3n.s 29,0 39,2 L13 225 .
3 . ’ ” - 4 - -, T B
N s L B ._./:'} - " 4 ' . . ;4 i
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PART 11, COMPARISON OF FLAME RETARDANT TREATMENTS

FLAME RETARDANT TREATMENI‘S

A considersble amount of work on fleame Fetardant trea.?mﬁnts of textiles
has been carried cut by Remsbottom and Snoadl) end Littls the present
position is summarized in & British Standards Committee nTort?% The
results, however, are concerned with fabrics buming in air,

. Meny fire retardant treatments are available; some are proprietary,
while others can be applied simply by dipping the febries in the appreopriats
solution, and of these the most effective are those containing boric or
phosphonc acids, or their salts, either singly or mixed,

. Some fabrics, treated commercially w:Lth flame retardants,- were availablie
and the prehmmaxy experiments were made with them,

N PRELIMINARY EXPERIMENTS
P.V.C, coated fabrics (Table I)

Some tests were made with two P.V.C, coated cotton febrins, one 2 heavy
naterial as used for wagon covers, and the other a lighter material more
suited for sprons and such types of protective. clothing, The weights of the
P,V.C, coatings are not known, The lighter fabriec bumel in 26 per cent
oxygen with the production of copious acrid fumes which appeared to exiinguish
the flames, A test was then made in a rather lower oxygen concenbration
(25,2 per cent) but with an exhaust fan fivted to the top of the cabinet and
the total gas flow increased to the limit of the apparatus, viz, 55 changes
rer hour, The flame speed increased slightly from 2,6 to 2,9 cn/sec, The
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 bumed
completely, although the flame speed was lower than that of the llghter
ma.tenal.

Cot'ton drill treated with a proprietary ﬂamepmof treatment (Table I),

A.n exam:.natlm was made of green co‘tton dn.ll untreated, and also ai’*‘ev
“treatment with & proprietary flameproof treatment, The treatment had added
20 per cent to the weight, The treated material did not bum in air, bué in
both 25 and 30 per cent of oxygen there was little difference bebween the :rane
speeds of the treated and -untreated febrics both of which humed readily,

There were, however, differences between the preportions of ash and carbon,

From these results it appeared that, broadly, the profiection afiforded
by fabrics treated with P.V.C. or the proprietary treatment, was of u sinilar

. oxder to that for wool febrics of compa.rable weight,

.  A further series of tests was then made with treatments w:Ltb soluble salts
wh:.ch could be applied in the laboratory,

COMPARTSON OF SOLUBLE RETARDANTS

The tests were made with two types of cotten drill as used for overzlls
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 drill was

used,

 Strips of fabric were soaked in a solution of the retardant, dried and

-we:ighed, and the treatment repeated until the required weight of deposit hed

been obltained, As with the earlier tests, the specimens were conditioned
for 24 hours at 67°F and 67 per cent relative humidity, and loose fibres on
the edges of the atrips were cul away before they were tested,

-3



The retardants have been suggested by prev10us workers““)w) and some,
especially Nos, 1 end 5, have found a place in official publications,: The
mixtures used were:-

70 per cent borax and 30 per cent boric acid.

60 per cent monammonium phosphate and 40 per cent boric ac:l.d,
4O per cent monosodium_phosphate and.60 per cent boric acid,
40 per cent disodium phosphate and 60 per cent boric acid,

40 per cent trisodium phosphate and 60 per cent boric acid,
Monammonium phosphate,

[ e Y

RESULTS
- Khaki Drill (Table 2, Fig, 3)

Tests were made on the fabric in different 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 monsmmonium phosphate, and
also, over the range of oxygen concentrations used, there appeared to be
an upper limit to the flame speed of the treated fabries, beyond which,
increasing the oxygen cancentration produced no change of flame velocity,
The limit wes different for each retardant and concentration, The ash
contained notable amounts of chromium compounds, presumably from the dye or
mordant, and also the ash increased with rising oxygen concentrations,

This may have been due to more complete oxddation of the chromium compounds,
It thus seemed probable that this was interfering with the combustion, and
the conclusion was confirmed when the flame speed of washed fabric was showm
to be higher than that of the original fabric, Accordingly, gubsequent
‘tests were made with a white, unbleached drill of similar weave,

White unbleached drill (Table 3, Figs L 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 givem in Table 3 and the variations of flame
speed with oxygen concentration are plotted in Fig, 4. As with the khaki
drill the curves indicated that, with each concentraticn of the retardant,
there was an upper limit to the flame speed, whatever the oxygen concentra‘tion.
It also seemed that there was an oxygen concentration above which the fabric
would bum, whatever the concentration of retardant, These points were
examined mo’re fully and comparisons were also made of different mixtures of
boric and phosphoric acid compounds,

Comzﬁa:ison of treatments

In the experiments to compare different 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
of deposit, It was difficult to achieve this control with the facilities
available. and accordingly, different criteria were adopted, These were
(a) the oxygen concentration above which the fabric bumed, however much
retardant had been deposited, and (b) that weight of retardant above which the
retardent 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, monemmonium phosphate, or one of the three sodium phosphates
are given in Table 4 and plotted in Fig, 5.

In Fig, 5, strips in oxygen concentration and with retardant concentrations
on the hatched sides of the curve did not bhum and those to the right bumed,
For each of the nixtures, there was a level of oxygen concentration above which
the strips burned whatever the weight of retardant and also there was little
adventage in increasing the weight of deposit above a certain walue,

l
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. : TABLE L

L:“u:iit:‘i.ng values of oxygen concentratiom and weight of deposit

Liniting value

>
)

2 : I Concentration Weight of

l Retardant ' of oxygen deposit

. above which above which
) the retardant increased
is ineffective,|{protectian
per cent,(vol.,)| is low

ver centk,
Boric ac:.d 30 per cent, Borax 70 per ceni, 37 9
a 60 " " Monosodium Phosphate LD per cent, 36 12
" " ogo " " Disodium Phosphate 40 " " 28 1L
n [ 60 " (1] Trisodiwm n l{.O 1] 1 21% 19
. it " 6‘0 " " Monammonium " ]_‘_0 " . 1" 28 25
. —— R encd

o

The mixture containing borax iz more effective than any of the eothers,
'IJoth with regard to the we:;ghqu of deposit required and the limiting, -»x;vgm

“,

Goncentration, .
,,.‘ )
»\_f‘ - It will be noted that weight of deposit of the boric acid/'boxax
approvimates very closely to the 10 per centi, recommended in many publications,
- It is probable that the Limits of oxygem r'onc-“utratn.o.n and weight oi‘ depoait
will vary with the weighi of the fabric,
R DISCUSSIAN *AND CONCLUSICS

The experiments have sizown that the traditional low flammability of wool
. _ fabrics cannot be relied upon to afiford protection in oxygenated atmosphera,
. and that. the P.V.C, coated fabrics and synthetic fibres behave similarly.

Tests of cotton fabrics trested with flamesretardant saslts showed that
the 30/70 boric acid/borsx mixture was better than boric acid/phosphste
mixtures,

There iz a level of oxygen concentration above which all the treated
; fabries burn, and a concentration of retardant above which no improvement in
flame resistance is obtained,

S In British Standard Specificeiion No, 1547 for flame-proofed industrial
" cloth;.ng, the. spread of flame, as measured from the length of char is limited
W) . . to 3} ins,, but the present work has. shown that febrics which pass this test

<+~ will bum if the oxygen concentration is above a particular critical level,

-~ 1t is therefore difficult to propose limits of flame speed and flame spread
which could be embodied in a specification, I% is suggested in this report,
however, that in addition to complying with B,S, 1547 the flammability rating

- of the matenal in oxygenat?g) atmospheres should not be lower than that
recommended in B,S, FD 2777 vizs 150 seconda for a flame travel of 100 inches
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