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Diecuselons with the Company injtiamted duriug 1945

by the Finistry of Adrcraft Production showed that information
concerning the i;miiion characteristics of materials which might
be used in high pressura oxygen systems was urgently required,
particularly at pressuresexceoding 150 etmospheres. The
Ninlast.y'e representaiives consldored that a useful first stop
would be the dtermination of the ignition temperatures of
selected materials in oxygen at pressures up to 250 atmospheres.

Tollowing these dlscuesions a contract wae placed
by the Minietry of Bupply with the Company and experimental
work continued ftrom June 1947 wasil QOctober 1949,

Ignition temperatures in high pressure gas were
determinad using a stainless steel bomd in which samples could
be ralsed to the 1gnition temperature in a few minutes The
effect on ignition temperature of changes in total pressure,
rate of heating, "ageirng", 1.,e. prolonged storage of material
in oxygen under prassure, oxygen concentration, and the physiocal
state of ths cample were determined in the high pressure apparatus,
4 simpler apparatus called the 'pot! iznition apparatus was
developed for the rerid /etermimtion of igaition temperatures in
oxyeen at atmospheriec pressure.

The many materiale examined have been classified in the
following five Zroupsi-

1. Lubricants, including thread sealing compounds.
2. Natural and Synthetic Rubber Hose Matorials,

3. Polymers,

4., Valve Beat materials,

. HMetsls and Alloys.

The 1gnition temperatures of the materials in Class I were
relatively unaffected by changee in oxygen pressire. The Aroclors
(chlorinated diphenyls) were particularly reslstent, and had
ignition temperatures above 4000C. If thelr other properties

ars satisfactory thaey should prove suitadble for use as lubricante
and hydraulic fluids ln oxygen systems. Acheson Greaee G,30 and
the Minietry's anti-seize and sealins compound als> had high
ignition temperatures which were unaffeotea by pressure., JFor this
reagon thoy would bo preferred to the sllicone greases for uss

in oxygen.

The ignition tempiratures of the rubber hose materiels
in Cless II were all considerably reduced by increaaing the
oxygen pressure, except i the case of sllicone rubder which
ignited above 300°C., The natural and synthetic rubdbders, other
than silicons, were found to ignite at temperatures belew 200°C
in oxygen at proesuros of 100 atmoepheros or highor. The ignition
tsmperaturees wers considerably reduced if treces of the faories
used as reinforcement in the completed hose were included with
the sample. Inoreaces 1n heatling rate led to significant
reductions in the ignition temperctures of hycar, neoprene and
BTR Boea (Bpecification 1180)  Prcvided certain pracautions are
strictly observed 1t is suggested that rubber hoses may be usod
with high prossure oxygen,

Included in Class III wore Teflon, Kel-F and phosphorylated
polyvinyl alcohol which were the most resistant non-metallle
wateriala examined. They falled to 1gnite in oxygen at 250
atiospheres wher heated tu 350°C, In the 'pot' test they sometimes
1gaited at temperaturss above 500°C, Iacreasing the oxygen
pigzzure to 175 atmospheroe reduced tho ignition temperature of
most of the other muterinls included in Clesa III,but with polythene,
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nylon and perspex a further increaso in preseure to 250
atmospherec caused only wn insignif{icant increase in the
ignitior * .o ciure. Polythone, red vulcanised fidre and
roein bdonded fadbric were miso examinod in air; thc ignition
temporatures in air were found to dbe rather higher than in
exrgen but no definite raslationship bdetween the partial pressure
of the oxygen and the igulition temperature of thesne materlals
was odtained, Bpeclal ageing experiments provided interesting
resuits, bat unfortunately 414 not yleld general conclusions.

The materials in Clase IV with the excopticn of GACO
s0atlng mtorinle bad Iuiswivoly low ignition temnerewran,

The much higher ignition *emperatures obtaincd with some of the
nateriale in Clase IIl sugpest that they may bde proferrod for
nkinf valve soats, provided their mechanical properties are
satisfactory.

Yone of the metals and alloys in (Maas V ignited in
oxygen at 250 atrospheres whan hected alone to 350°C.  Oopper,
mognesium alloy and mild steel turnings ignited in tho presence
of a drop of oll if heatod to about 20070 in oxygon at 250
atmospheres.

Changes in gas flowrute, oxygen concentration, heating
rate oud physical state had no marked effeci on ignition
temrerature fo- mont of the materiale examined., Ixceptions
were some Olass 1! materials which were affected by heating rate
and Buna which in the form of shavings ignited at temperatures
more than 1C0° bslow the corresponding ignition temperatures for
samples in block form.

Matsrials in COlsssas II, III end IV were exaained by tke
pot' test. In general, it was found that the higher the ‘pot!
ignition temperature the higher was the ignition temperature in
high pressure oxygen, Unfortunately the 'pot'! ignition tex -raturs
gave no indication of the effect of preesurs in the range 50 - 250
atmospheres on ignition {emperaturs.

“0 attempt was made to examine the benaviour of the
materials under actual working conditions at high preesure. It
18 not possidls thererore to relate the ignition temperatures
cbeeved under controlied conditions to the haxards associated
with the everyday use of combustidle materinls in high pressurs
oxygan., Fowever ae no materisle ignited at a temperature below
1000C and very fewv below 150°0 in oxygen at jreasures up to 250
eimospheres it seems highly prodabla that with carsful selection
a number of materials which are nnt entiroly non-inflzmmabdle ocan
be safely used in oxygen at hizh piessures, When asing such
mutorials 1t {8 important to avoild any sudlen changos in pressuire
or tsgperaturs, and to onsure the adbsence of any inflammable
dust or other material mcrs suscaptible to ignition, shich might
initiate combustion,




IGNITION IN HIGH PRCSSURE OXYGEM.

INTROIUCTIOK,

In Moy 1945 the Company was approachad by the Hinistry of
Alroraft Production for infoimation and discussion on “*he ignition
characteristice of materiale which might be used in high pressure
oxygen systems, The dlecussione shown1 that oxygen was bYeing uased
on aircraft at incressingly high temperatures snd pressures and
the Ministry was conceraed "at the lack of preciee data on the effect
of high prezcure uxygen on organic matoriale". Tires and explosions
hed occurred in high pressure oxygen systems and it was considered
¥of extremo importanc: in comnoction with the development of oxygen
smuipmont for peace~time alircraft, that resocarch into the factors
influencing ignition in high pressure oxygen bo undertaken!  AdiLiugh
there was some published information about ignition temperatures
of a very few materials in oxygen a%{ pressures up to 150 atmospheres
there was no information conceraing the hehaviour of any material
whatever at higher pressures. The Minlatry's representatives were
anxious to obtain such informu.ilon for a numder of materisls up to
250 atmoepheres, Whilec a long te:n programme of fundamental research
would be necossary to lecide the influence of all factors which
might bo concerned in the spontancous ignition of reterials 4n high
pressure oxygen, the Ministry's representatives considered a useful
first step would bo to deternmine the effect of oxygen pressures
un to 250 atmosphures on the ignition temperatare ot molocted
matorials,

Tollowing these discussions a contract -as placed with
tho Company in Moy 1946 by tho Minlstry of Supply. Expsrimental
worlk under this contract started in June 1947 and contimed until
October 1949. The agreed odbjective of the w.rk was to determine
the ignition temperatures of selected materials in oxygen at
pressurse up to 250 atmnspheres, and to study the influence of a
number of variables on this behaviour, In addition to pressure,
the main variables examined includo rate of flow of gae, rate of
heuting the sample, effect of prolonged storage in oxygen under
prasseure, oxygen concentration and the physical state of the sample,
No ettompt was made to study the behaviour of materials under
actun) working conditicns, or to decide if they would be completely
safe azainst all hazarde in use, This could anly be done by
means of a greatly enlarged programme of research relating to ths
design and use of particular items of ejuipment.

In view of the vary large numdber of materials that have
beon oxsmined a bdrcad classification has been attempted and the
materials have been placed in the following five groupsi-

1, Iudricants, incluling thread sealing compounds.
2. Ratural and synthotic rudber hose materials.

3« Polymors.

4. Valve seat mnterials,

5. MNetals and alloys,

The report first describes the apparatus and oxperimental methods
usad, The results are preserted and discussed in five separate
sections relating respectively to the above groups.

Results of other workers in this field are few and have
bdeen found only for materials cisesified in sections I, IV and V,
These results, and an account of the mothods by which they wero
obtainod arc included in thoe relovant discusslcn sectionws.
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DESORIPTION OF APPARATUS AND METHOD.

The main apparabues was a stainless steel vessel inside
which & small sample of the material under test was heated in
oxygen at ccastant pressure until tho sample ignited, or until
the cpparatus had reached its maximum tomperature, vhich was

"about 400°0, This apparatus will be referred to as the H.P,
apparatus., A =econd apparatus was used for studing the ignition
of materials in dxygen at atmospheric pressurs, This socond
apparatus will be roforred to as the 'pot d4gnition apparatus,
The high pressure apparatus and the 'pot! apparatus ere described

fully below.
(a) Description cf H.P,Apoaratus)

The apparatus consisted essantlally of a stainless
steel vessel or bomb containing & furnace and & reaction tube
in which the sample, contained in a small glass boat, was
placed. Tigure 1 shows in detoil the arrangement of the bomd
after adgsemdly,

Phe main pressure vessel consisted of a cylindrical
body and flat cover plate secured by aix bolts to a flange
forged integrally with the body. A pressure tlght seal between
the body and cover plate was made by & spigot and socket
Joint using a copper greket, The cover plate contalned two
gas inlet connections one each for oxygen and nitrogen; the
exit gae connection was contalned in the nose of the bomh remote
from the cover plate. The gas connections were of the
conventional nut and nipplo typo as sbown in Figure 1. The two
furnace leads passod throuch the, cover plate and pressure tight
seals were made by hard soldering the leads to a stout copper
connector contained between two insulating bushes as shown in

Yigure 2.

fne end of the furnace, shown in detail in Figure 3,
fitted into a recees in the covsr plate; the furnace was
connected to the electrical leads passing through the cover
plate which then carried tho furnace quite securely. When the
Joint betwoon the cover plate and the body was made the furnace
projected centrally into the body of the bomb. The bomb wae
placed on a steel support to which it was strapped and the
furnace and gas ccnnections closed., The support securing the
bomb was surrounded by a protecting chamber of‘é" stesel plate
fitted with a door, VYhen the bomb was in positioa inside the
protecting chambor its noso faced the door,

The reaction tube 10 mm. 0.D. Pyrex tubing was
inserted through the nose of the bomd and fitted into a recess
in the cover plate. ¥hen the tube was in position 1t was
situated centrally ineide the furnace. 4 @pecimen, welghing
adout 0,1 gm., of the material to be examined was placed in a
small chemically clean boat and placed inside the reaction tube,
It was located at the centre of the tube in close proximity to
the Junction of ‘a thin wire chromel alumel thermocoupls fitted
to a steel nut and nipple as shown in Figure 4. When the
nipple was in position in the nose of the bomd the boat
containing the sample was in tho middlo of the rsaction tube
and the thérmocouple jJunciion wes within a &" of the sample,
The door of the protecting chamber was closed and the bomb
wag ready for use.

The remainder of the equipment consisted of a control
panel and a gas supply system. The high pressure oxygen and
nitrogen usod in the experiments was storoa in a battery of seix
high pressuro cylinders. The cylinders were charged to 300
atmospherea from & gas holder by means of a water lubricated
compressor., The control panel contalned the valves and pressure
gouges required to regulate the flow of gas to and from the bomd,
the furnace control inetruments and a Foetor Tomperature Recorder
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connecgtel to the thermocouple. All gas lines connecting the
control valves to the bomb were mide from copper pressure
tubing of 4" 0,D, and 1/16" I,D,

(b) Experimaental Method used with Ulgh Freesure Bomb!

The fluwsheet of the apparatus 1s shown in Figure 5.
When the homd wes ready for usa the maln oxrgen valvo (V.l) ana
the main nitrogesn valve (V.3) werc opered after onsuring that
all the othor valves wero closed. Tho fino adJjustment valve (V,2)
was carefully opened ond oxygen admittsd to the bomdb until the
deuired oxperimental preesurs wus resched as indicated by the
10" dial pressure gauge (P.G.1). In experiments in which it was
required to maiatain & flow of oxygen through the bomd the fino
adjustment valve (V.5) was carofully openmed until the flowmeter
indicated the deeired flow of gas. Al)l gos flowrntes wore mepsured
ot atwospharic pressure, and are quoted as such, By contmlling
valves V.2, an& V.5, it wus possible to maintaln n constent
pressure inside ths bomb and a steady flow of oxygen through the
bomb, The nitrogon system connected to tho bomdb was included
ce a safety measure to supply/mn inert stmosphere in the annular
spnco botwoon the furnace and bomb wall thus reducing the quantity
of high prossurs oxygen inside tho bomb without offecting tho
purlty of oxrgon in the reaction tube. The nitrogon supply
was not usod after tho first oxporimonts but was in faet avoiladlo
for "quenching" in an emergency, Ourrent was supplied to the
furnace and the energy input regulated to give a suitadle heating
rate, the temperature inside the reaction tube heated by the furnace
was automatically in3dicated by the Foster Temperaturo Recorder.
Smooth temperature~time curves were obtained from the Rocordor
until the ignition tompercturo was reached whon a sharp break
occurred in the curva. In many cases the neodle on the Rocorder
maved through several hundred degress immedlatoly after ignition.
In other cases the 'kick! was not eo marked, but there were only
flve experiments, all with one materisl, during which the eample
ignited without evidence of the ignition being regletered by a
break in the temperature-*ime curve. Figure 6 shows :aza typical
temperature time curves copled from actual experimental recurds.

Speclal experiments were carried out to detormlne whether
the temperature indicated by tho thermocouplo was the samo ae the
temporature of thae samplo, Samples of Quinhydrone were placed
in ths gamplw boat and introducod into the bomd as descrided ahove,
Nitrogen wau cdmitted to the apparatua and allowed to flow through
the reaction tube at 2 litres/minute. Ourrent was supplied to
the furnance until the thermocouple indicated the temperature 10°
velow the normal melting point of quinhydrone when the current
was switched off and tho nitrogen flow was increasod, The
tomperature indicated by the Recorder begaen to fall and the
maximum temperature was noted, The sample was removed from the
bomb and examined, The cxperiments were repeated with increasing
maximum temperature until the sample had melted.

The temperature indicatod by tho thormocouplo corrosponding
to tho molting point of quinhydrone was found to bo 175 % 20
compared with tho normal melting point of 173°. The oxperiments
vare ropeatod ot varlous flowrates and heating rates but the
melting point of quinhydrone in the high pressure bomd wae always
vithin 50 of the normal melting point. It may be concluded,
therofore, that the temperature lndicated by the thermocouple
wee in good agreeoment with the temperature reached by the sample
in the bYoat.

It was conslderod desirable to omploy fairly rapid
hooting ratee to ensuro that the samplo roanchod ite ignition
tomporature with tho minimum of chemical change, The hoating rate
nornally omployed raised the sample from 1009 to 200° in
approximatoly two minutes. Unlees otherwiss indicated in the
text thle was the heating rate employed. Excep% in a few cases
the ignition temperature waa reached within 1our ainutes of
gwitching on the heatsr,
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Whon liquid materiale wore examined a fow drops were
transferrel to the sample boat by means of & chomically clean
glase tuba, Greases were transferred from & plasm rod. Samples
of soild materials were cut in the form of emall dlocks from the
master spocimen, In a few cases solid materials wore also
exs: lnedaftor shrodding, In all casos 0.1 gm % 10% of any given
materinl was ueged in sach exporiment.

{e) Description of 'Pot! Ignition Apparatus and Method!

The !pot' ignition apparatus was ued to determine the
minimum ignition temperature of varlous materials when introduced
into pre~-heated oxygen at 1 atmosphere pressura, Oxygen was
passed through the apparatus at a standard 1o of 2 litres/minute,
The apparatus consisted of an electric furnace, gloss reaction
tube, sample carrier and thermometer as shown in detall in Figure 7,
Ths somple carrior had a tungsten needle fixed at its lower end
to which small specimens of the material under test could de
attached and introduced into the reaction tube, The sample
carrier and thermometer were each fixed to standard 5,14 joints to
enabls them to be introduced and removed spendily from the
reaction tube and to ensure thet the thermometer buld and tungsten
needle oacupied the same position in the middle of the rezction
tube. At a later stago whon it was neceesary to work at
temperatures above 380°0 the thermometor was replaced by a thin
wire chromel alumel thermocouplo.

To determine the 'pot! ignition temperature of any given
material current was supplied to the furnace and oxygen from a gas
cylinder was allowed to flow upwards through the roaction tube at
2 1litres/minute. The thermometer was placed in position and the
current to the furnsce was adjusted until the thermometer indicated
a constant temperaturs. Small block samples of the given materials
each weighing about 0.1 gm.were prepared, impaled on the needle
of the carrier, and introduced into the reaction tudbe after removing
the thermometer. The time at which the sample waes introduced
into the reaction tube was neted and if no igniticn was observed
within two minutes the sample was withdrawn and oxamined, After
vach experiment tho thermometer was replaced and the tempemture
checked., Ignition when it occurred could be seen and was inltiated
vory often by a slight oxplosion and a flash, If igniiion ecourred
the temperaturs of the furnace wae reduced in steps of 10° until
a temperature was reached at which the sample did not ignite within
two minutes. If the sample foiled to 1gnite the test was repeated
¥ith fresh samples at vrogrossively higher temperatures until
ignition occurred. JYor most of the materials ¢xamined the lowest
tomporeture (within 100) at which the samplo ignitoad under tho
conditions of this test wns doterminod and has boen called the !pot!
ignition tempsrature. In some cases the 'pot! igmnitlon
terperature was dotermined more accurately.

In genersl it was found that increasing temperature caused

a progresslve reduction in the time taken for ignition to ocecur,
that the micimum 'pot! ignition temperaturo was not affected Wy
oxygen flowrate in the range 1-5 litreu/minu?.e and that replacing
oxygen %y air increased the igniticn temperature, Rosclts were
closely reproducibdle und with most maisrials the minimum ignition
temperatures could b fixoed within 5°0. Table I gives detalled
results obtained for a black rubber seating meterial.

TARLE I,
&'emperat\u‘e Ignition Time |Frequency of ]Hea.n ignition time
00 goconds., X imition soconds
300 = 0/2
120 xxx g;;
340 xxx 3
350 118.119.85. 3/3 108
360 83, 93, 6 3/3 81
x i{ndicates that ignition falled to oocur
within 2 minutes of introducing tho sziple
into the rescticn tuhs.

- - - Sn e e e e v e s m ke g s S i o con e e
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CLASS 1 - LUBRICANTS, INCLUDING THREAD SEALTNG & LUBRICATING COMPQUNDS.

The following materials in this class were exuminedj-

(a) Zubricating Oils!

1. Alrcraft Lubricating 011 - IZ.2472 B/O. x
2, billcone D, C.Flulds,
3, Aroclore,

(b) Thread 8osl Oompoundsl

1. Anti-seizs and Sealing Materiasl - AN-C-86 x
2, Acheson Thread Sesling & Lubricating Comprunds -G.30

and CT.2, &’
3. Silicone Greases,

x Indicates that the material was sutmittod by the Ministry of Bupply.

1(a)l - AMrcraft Ludbricating Oil.

Experiments with this substance, the first to be examined
in the H,P,bonb, were carried out at pressures up to 250 atmospaeres,
in a static atmospher~ and at three different flowrates up to a
maximum of 3 litres/minute. The rasults are pissented in Table £
which gives the averoge ignition temperatures; ths standard
deviations are srhown in brackets. It will be seen that in the
pressure tange 20-250 atmospheres the ignition temperature for this
ludbricating o1l was nnt greatly affected by flowrate nor by increase
in oxygen pressure. In special static experiments at 100 atmospheres
the substance was heated slowly to t'*3 ignition temperaturo over a
period of 3 hours, but it was found that this considerable reduction
in the heating rato had no significant affaoct on the lgnitlon
temperature. In two experiments at 100 atmospheres ia vhich the
maximum heatinz rate was used ignition temperatures were 200°0
and 202°0, which was about 20° below the ignition temperature at the
normel heating rate.

TAZLE 2,
Ignition Temperatures (90) of Adrcraft Lubrisating 011,
DE 2472 B/0
Pressure Jlowrate —~ 1itres/minutn
ats, N1, 1 2 3
1 no ignition 309 (24) | 334 (21) -
20 219 (18 240 (1) {217  (34); 259 (10}
50 227 (12 225 (22g i (14)] 256 (12
100 220 (15 210 (26) | 222 (18 -
175 237 (16; 202 (29) | 228 (30 -
250 190 (23 207 (20) - -

Alreraft lubricating oll was also sxamined at 1
atmosphers a* various flowrates in the range 0-0.6 litreg/minuto.
It was found that for flowrates between (+0.02 litres/minute
no ignition occurred. In the range 0.05-0,07 litres/minute a
succession of emell oxplosiorne beginning at 30000 and continuing for
about 14 minutes was observed, Under thesc conditione combustion
was incompletc., At higher flowrates 1gnit'on occurred quite
sharoly between 320 and 340°C. At the lower flowrates it appears
that the supply of oxyger was inndequate for compkete combustion
and a carbonaceous rosiduo wos left in the boat, It will bo
noticed that at higher oxygen prossures, seo Table 2, iguition

does occur when tho flow of oxygen through the apparatus is roducod
to gero.



Eyperisents wers reprated using oxygen gas ssturated with
watar vapour at 02C but no change in ignition charactoristics were
sbserved. Igni.ioca temperature wae not affectsd by ihe presencs
of finely d!vidad motals in the lubricating ¢ll nor by the dlstiribution
of the oll on glasa wool.

After scme 200 experiments had buen performcd in the high
rrossurc tumbt an explosion occurrsd during an exporiment in
wnich Alrcroft lubricating cil was being examined which rcsulted in
dadage to the cover plate and to 05 of ths sloctrical louads to tho
farcaco. This incident ie describod fully in Appendix 1.

1{a)2 - B\licone D,C.Fluids.

Pour D,C.Rilicone flulic were examined in viygen at 1
aiLowp ore, The rasults nbtalned with these substrncec unaor
eonvrolled conditions varied considerably, but show that all were
ial"ammuatlo, and 1gnition often occurrod with an oxplosion of some
violenco, coneldering tho quantity of material involvea. Table 3
Glves the range in which igrition occurred. Flow rate had no
detectadle effect on the igniticn tempernture, but incrensing the
heatlng rate se that the snmple was hented from 100 to 300° in two
minutes reduced the ipmition tamperature by about 500C.

T 3.

Iguition Temperature of D.C.Fluide in oxrgen at 1 atmesphoro
(flowrate varied beiween 0.2 to 1.0 litres/minute)

Bange of ignition
Mntorinl tonpora ,ure Qormonts
D, ¢, Nutd 20C 315 - 385 Explosion and iomiticn in
¢STX8 100 ail rascs. In mout cases

a succession of slight
explosions were observed.

D:C. Tluid 200 315 - 5395 In one experiment no ignition
CSTES 350 ocairred. In remaining
sxperimente ignition was
preceded by explosion.

D,0,¥luid 710 470 ~ 435 Ignition obeserved in half
C8TKB 5C0 the experimonts enly.
D.C.F1uid 500 310 - 430 Hl1ght oxplosions observed

after ignition had ceasc? at
8 temperaturo adout 100° abov
the i1gnition temperature 1

A fow oxperinionta in bkigh pressuro oxyge.. wore carried out
on Fluid D.C,200. CSTKS 100. The roeults arce given in Tablo 4 3ad
swhovw that incrcasing the pressure to 25C atmuspheores has 1littlo
offoct on the ignition temperature, In one especial experiment the
sample was kept at =J00C for 16 hours in oxygen at 50 atmosepheres.
The temperaturus was then increased and ignition occurreé at 265°C.

TABLE 4,
I ition Temperature (0C) of D.C.Fluld 220 SSTKS 100.

Pressuro Flowrate -~ litrea[minuto
| 0 2
’ Individual Average Individual | Average
! ats. Tosults results _f

50 289, 291, 284 288 300, 314, 309, 308
L.250 1300, 309, £35 281 l
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1(s)3 ~ Aroclors.

These wiarizls made by the Honsasto (hemical Coupany
are essentially -hlorinatsd diphenyls. It will bde seon from
tho rosulte given in Tadle § that they have high ignition
temporatvres and that increasing pressure does not affect the
ignition texperature noticeably. Mpce under given conditions
ignition 414 not always occur the frequeacy of ignition is given.
Iznition wvhen it occurred wus violen: and iavariably shattered
the reaction tube ccntaining the saople. Vith other materials
shattering of the roaction tube was a rare OCCuUrrenco, In all
cases no rosidue was 13ft in the boat,

It is of intersst to record that experiments in a
dlfferend connection carried out in the Ocmpary's Resoarsh
Doparément showed that those materials are more resistant to
oxidatton than the mineral oils specially selected for ludrication
of atr compressors.

TAZLE 5.
Ignition Teaperatures of Aroclors.
g¥oclor Pressuro|Movw ¥ Igition dverage !requoan
Code No. ats. |(2 litres/min) Temperature |Ignition| of
or ° Temp, Ignition
Btatis 0 ¢ 1)
1242 50 8 476, 445 2/4
7 387, 42, 425] 408 | 348
100 ¥ 431, 364, 34
47 1€9 Ye S
259 8 - - 0/1»
) - - 03
1260 50 ¥ 400, 403, 390,
429, 419, 445| 414 6/6
100 T 407, 400, 425,
449, 413, 4501 434 6/8
175 r - - 0/4
1248 50 ) 401, 443, 443,
403. 422 4/9
100 by 417, 410, 402,
386, 407. 404 5/1
175 F - - 0/4
1254 50 F 450, 458, 479,
419 465 4/1

1(d)1 ~ Anti-seize end Sealing Compound. AN-C-E6.

This material was examined at pressures up to 175

atmospheres in o static atmosphere and in a flow of oxygen ot

2 1itrys/minute., Rocults given in Table 6 show that variations
tn pressure in tho rarge 50 to 175 atmosphores had no eignifi:ant
effect on ‘gnition temperature. In experiments at 1 atmosphere
the material fulled io igrite when heated tu 420°0; e powdery
dlack residus was left in the boat, and oily drops condensed on
the cooler parts ef tis reaction tube. Aftar ignition at high
preisure s white ash was ¢atalne® in the saaple boet, but drope
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of oil condsnsed on the walls of the reaction tube were otill

observed.
T 6
Ignition Temperaturee¢ of Anti-seise ang
Sealing Compound. AR-0-86
Preswuro Ylovrate ~  1litres/minute
ats _ ndividusl refults. Averago] Individual risults. dverage
%0 1, 368, 400, 372 | 388 [ no ignitions up to |42060
100 8, 381, 349 356 ] 420, 415, 380, 3715] 1397
175 [350, 429, 320 3661402, 395, 3715, 9

1(b)2 - pcheson Threed Seeling and Lubricating Compounds -

G+ 30 and C.T.<.

The

flowing
In Tive

ignition tempsratures in high pressure oxygen
ot 2 litres/minute sre given in Teble. 7.
experiments with C.T.2. igniticn had ocecurred,

but no evidence of ignition was shown by the temperature-
time curve., These wers the oaly cases during the whole
experimenisl progremme in which the sample ignited but ths
jgnition tempersture could not be obtsined from the
temparature record,

1

TAELE 7

nition Temperstures of Acheson Thread Seali
and Lubricsting Cowpounds = G.3% end C.T.

A

Pressure c.7.2. 8, 30.
lgnition Ignition
ats. |Temp. OC Ocmment s Temp., °0 Commont s
50 295, 321, |falled to ignite§ 351, 450 |[falled to ignite
324, 335, {in 2 tests, in 4 tests
22.
100 ot ses note (1) 370, 385, |failed to ignite
detected below ¢ 395, 405 lin 2 tests
175 not see note (2) 406 |failed to ignite
detected below in 3 tests
250 259, 280  falled to ignite - failed to ignite
in 2 teets
Note (1) -~ In four tests the sample left a residue which showed
evidence of ignition, but no deflection of the
tomperature rocorder occurred to mark the ignition
tomperature, In a fifth test no ignition occurrcd.
Note SZI - Ignition occurred at a temperature below 350°C, but

no deflection of the recorder waa observed,




1(b)3. - Bllicone Oreases.

Thrae 8ilicono greases were ezamined in oxygen &k
pressures up to 250 atmosphares. The ignition uempsratures
are given in Table 8 and show that the ignitlon temperatures
obtained at uny glven pressurs in a flow of oxygen are greater
than under static conditions, Similar resulte were obtained
with D,0.72uid 200 CSTKS 100, Grease D.0.41 appears to be the
most resistant of the three sllicone grenses sxamined but its
ignition tempsratures are lower than those reported praviouely
for the Acheson compound G,30 and for anti-selxe and sealing
compound AN-0-86,

TAZLY, 8.
Ignition Temperatures of Bilicone Greases.
81licone |Pressure|Flow ¥ Ignition Temperatura - 90
Material ats |(2 1/min)
or Individual Resulte, | Average | Standard
fAtatic 8 doviation
Plug Gock| 50 § 243, 249, 259 2%0 | -
greasge
250 8 285, 300, 280 288 -
50 ¥ 265, 330, 318,
272, 296, 280,
300, 278, 294, 293 -
175 ) 230, 238, 57,
253, 230, 265. 245 15
Grease 8 209, 220, 2l0, 217 -
50
D.C.33 ) ) 272, 243, 251, 259. 256 12
8 181, 190, 189. 187 v
250
) 213, 181, 189,
B 222, 222, 218, a1l a
Gresse B no ignitions up to
3 5200 ° ~ -
DaOuAl N
F 502, 500, 493,
502, 500, %00. 499 4__ |
8 300, 344, 375.
plY 370, 261, 252 339 £9
) }60. 3680 350,
360, 371, 350. 160 9
8 274, 220, a*%,
100 200, 282, 308, 2% 44
¥ 312, 302, 312,
128, 283, 117. 109 | 15

Oreace D,C.33, wae also oxamizsd in sir flowing at 2 litres/
Einute at pressures up to 250 atmospherce. Bewults given in Tadle 9
show that there is no appreciabls change in igaiticn Semparature with
increasing presevre and that the ignition tamperatures in alr are
higher than in oxygen by 30° at 50 atmospheres pressars and by 70°
at 250 atmospheres pressure.
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TANI §.

Irnition Tempecatures ¢f Silicone Oreaes D.0,33

ip air
L;essura Trnition Temperature - og

. Btandard
ats, | Individual Results, Average |Deviation
5% 281, 271, 283, 283, 338, 284, 30°.1 287 2l
100 293, 284, 251, 283, 257, 27, 265 3
175 256, 272, 260, 268, 270, 210, 23%.] 253 23
250 300, 241, 240, 289, 296, 303, 280.! 280 25

In experiment 10,1151 in shich Orease 1,C.41 was under examination,
igaltion of the material in the reaction tube was foilowed by an
explosion in the copper tube connecting the bomd to the exit
contral valve. The ocopper tube was burst in several plaoos.

The incldieat is described in Appendix II.

Class I - DIBCUSSION.

4n examination Of the ignition temperstures of the materials
reported in this sectioun leads to the following conclusionsi-

1. Bpontanscus ignition did nct occur., No materials included
in this section ignited unless heated to 180°0 even at the
highest cxygen pressure,

2. The ignition temperature fell with increasing oxygen
pressure but the effect was not marked at proessures above
50 atmospheres up to the meaximum of 250 atmospheres.
At high pressures rate of flow of oxygen within the range
examinid had a minor effect.

3. Of the liquid materials examined the Aroclore sre clearly
the most resistant to ignition. Whether these materials
are safe to use regularly in high pressure oxygen systema
1e of courso not decided by ignition temperaturc alone;
it is not unreasonable to suggest, however, that the
Aroclors, Af their other properties ars satisfactory, may
be suitahle for use ns lubricants and hydraulic fluids
in oxygen systems,

4. The Acheeon compounde G,30 and C.T.2, and the Ministry
Jnti-eseize Compound AN-C-86 have high ianitior temperatures
unffected by preesure and should be eafs to use in oxygen
eystems, Judged by ignition temperature they are to be
proferred to the 8ilicone matorials,

B.C. Brooks in U.8,A, Bureau of Mines Reporta of Investigations
¥o.2555 entitled "Bpontaneous Ignition of Oile in Oxygen under Preseura"
reports the ignition temperatures he obtained for a few oils,

Brooks used a static method in which small samples of oll distributed
on pure asbestos were placed inside a steel bomdb of 4 cce capaclty
and heated until ignition toock place. The point at which 1gnition
occurred was detasrmined by listening with headphones for the explosion
which accompanied the 1gnition. The work is nlso dcscrided by
N.D,Hersey in a peper entitled "A Btudy of the Uxygcn-011 Explosion
Fasgard" from vhich the following ignition temporaturecs are token!-

011 Iguition Temp. ©0
Xorosene 175
Modiloil A 170
Sporn 135

Lineood 120

s+ o et e v i s | 7 <o -
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Iz 31l cases the ignition temperature was found, as s first
approximation, to be independent of preesure up to 250 atmosphorea.
The rosulte for Mobiloil A indicated a slight, Wt probabdbly

not significant, increase in jgnition temperaiure with preseire,

A report written in 1941 by L. 8.0reen of the Douglas
Aircraft Oo.Inc, roports the ignition temperatures in high
proseuro oxygen of several materiels of the types included fn tais
section. This report was supplied fo the Oompany by ths Minietry
of? Bupply after the experimental programme bad commenced, Oreen
used emsentially a statlc method in whi~h a small plug of .09 cocs
capacity was filled with the material under test and connected to
a emall ocombustion chaumber the temperature of which could bas
ralsed by a Thor hoat gun. Temperature mpmdinge ware taken and
when ignition occurred a sharp increase 1n temparatu.e was observed.
Materiales exzmined by Green ircluded nils, .oaps ant a variety of
thread lubricating compounds. Although many differert maverials
were examined up to preesurcs of about 150 atmosrheres and
temperatures up to 25000 there was no tyatematio examiration of the
_ affoct of pressure on lgnition temperature, Mcost materiais were
3 included in one experiment only. The results given in the rerort
are in reasonable agreemsnt with the results given in this section
for similar materials.

5
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Among the conclusions reached by Green were "that the
majority, 1if not all, of the common materials that might bde useful
as thread lubricants will combine with oxygen at pressures of
2000 p.s.i. (135 atmospheres) or less if the ambient temperatures
are 3500F to 5500F" (175°C to 290°C),

"That Aquadag, & mixture of colloidal grapLits end
distilled water 1s not combustidble in oxygen at any pressure and
temperature combination that can occur in an oxygen system but
that 1t has several disadvantages as a lubricant,

fThat Glydag, a mixture of colloidal grophite and glycerine
18 sultable, when properly applied, for use as a thread lubricant
in oxygoen ayatems. An exception ie its uee on mognesium paris,"

In our opinion Aquadag and Glydag will burn in oxygen at
temperatures above those used by Grem., The Acheson lubricnunte
C.T,2, and G.30 included ‘n this section ccntaln graphite and it
wae ‘poesible to moke these mnterials ignlite, Acheson lubricant
G.30 and the Minlstry's Anti-seize compound ignited only at temperatures
above 35000, They arce therefcre considered to bo reasonably
safe for uves in oxygen,

It ie clear from tho results presented in-thie saction
that some of the matcrials that can bo usod as thrend ludricante
bave quite high ignition temperaturese in high pressure oxygen.
Properly appiied they will be present only in very small amounts
enclosed tetween metnl surfaces, It seems unlikely that these
materinls could be raised in practice to ths ig.1t1~n temperaturo
by adlabntic compression since they are in intiunte contmct with
extended metal eurfaces. Nor 1e 1t likely that sufficlently
bigh temperaturea could bde reached ae a result of friction bdetween
gae escaping by leakage and the lubricant, Concluslon 4 above
eeoms, therefore, to be reasonabdle, It must Yo omphasined,
however, that the experiments deecribed in this report had as
tholr prizry odjoctive a comparison of diliarent materials by means
of the dete.mination of ignition tempcratures. It 1s beyond
the scope of the report to make final recommendations concerning
safe practice.




$A38 11 - BATURAL AND SYNTIETIO RUBBXR HOSEP MATERTALS,

The materiales oxnmined in this (laes aré classified
as followsj—-

(a) Baturol Rudders!

1. I.O.I.‘tnndnrd mbbor [

2. 3.,0,1.Ratural Rubber o

3. Ratural Rudber Home BTR Bpecification 965/01 =
4. Dunlop Bemplee,

(b) fynthetic Bubberss

1. Bycar, I

2. Neoprene,

3, Budbber Eose BTR lpociﬁcation 1180.
4. Biedo Jorman Hose.

5. Bilicono.

(e¢) Oarbon Macks!

= Indicatos that tho matorial was submittod t tho Hinistry
of Supply.

11(a)). - 1,0.1. Btandard Rubber.

This material was firet examined in November 1947 in high
preasure oxygen mnd re-ermmined a year later after it had been kept
An air at room temperature. The results given in Table 10 show
that ignition tempernture decrenses with incrensing oxygen pressure
and g$hat in givan conditions the ignition temperature decreases witl
the age of the material, Adocelerated ageing at 5000 for three
days in oxygen at 100 atnmospheres also affects the ign!*ion temperature,

Samples kept in the bomb at 225°0 for 16 hours in oxygen
at 100 atmosphercs did not ignito. Whon romovod from the bomd tho
sanploe had havdonod and carbonised and had loet thelr ruddber-like
properties, The ignition temperatures of these regiduss were
detormined in oxygen at 100 atmospheres and found to bs 353°0, 361°¢,
346°C and 357°0.

TARLE 10.
Ignition Temperatures of I.0,1,Standard Rubber.
Pressure Average lgaition Temperatures -~ 90
Zero {low. | Tlow Flow After I davs a
2 1itres/min. | 2 1itres/min, | 50°0 in oxygen
ate, [Nov 1947. |Nov, 1947. Oct.1948. at 100 ats,
50 gag Je 284 -
100 1 265 228
250 237 197 147 -

Thie materisl was alsc examined by the 'pot! test and tre ienition
temperature decrersed from 370°0 in August 1945 to 340°C in
October 1349. Thie confirms the results at high pressure which
showod that the ignition temperature is significantly reduced as
the material agas.
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II(!)!, - 1,0,1,Natural Rubber,

The ignition temperature of I,(C,I, natural rubber in high
prescure oxygen was found to be 150°C or lower. At the highost
pressures reproducitility of results wae good unliks the wido
variation obdbtaii.ed at 50 ntmoapheres, Tho results are given in
Tabdle 11 ant show thut ngolng tho snmple roducos tho ignition
temperature, The individunl results are glven, averuge results
ars shown in brackets,

TABLE 11,
gﬁnition Tempe ~tures of I.0.I, Natural Rubbder.
&Telsure Avercge Ipnition Temperatures - o6
: ero Flow Tlow Tlow After 3 days a
' 2 1itres/min, | 2 11tres/min, [5000 in oxygen
ats. 1000,1547. | Duc, 1947, Oct. 1948. [at 100 ats.
50 (217) | 291, 211, 325 - -
190, 199( 3284
ehl)
100 (154) 1139, 122, 155, - 115, 125 117,
137, 119S 142, 127, 120S 139,
|
175 (124) 131, 132, 142, - -
1345
250 - 141, 1}2 130,{ 110, 115, 125/ -
5 128, 120, 119,
(1191f

The 'pot! ignition vsmperature of I,C.Il. natural rubder
was 1650C. Btorage at 4000 in an atmoophere of which the
relative humidity was 95% for 11 and 18 days did not raise the
ignition temporature by more than 5°,

J1{a)3 - Nautural Ribber Bose BTR Bpecification 965/01.

The inner 1lining only of this hose was examined in a ..ow
of oxygen at 2 litrea/minute. The ignition temperature was found
to foll considerably as the praceure was increased from 50 to 100
atmospheres. At 175 atmospheres the 1gnition temperature was only
13200, The detailed results for thle matsrial are given in
Table 12,

TAZLE 12,

Ignition Temperatures of Natursi Hubber Bose
BTR Bpecification 965/01,

[Pressurs Ignition Temperatures - o0
Oxygon fliow — 2 litros/minute
ats, |Individual rosults, Avorngo | §tnndard
deviation
50  [280, 248, 324, 352, 323, 33%. i il 39
100 [179, 183, 183, 167, 180, 179. 178 8
| 175|127, 135, 136, 132, 130, 138. 133 9

™ Ipet! {gmition tomporature was 33000,
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11(a)4 - Dunlop Samples.

81x samples compounded with different ingredients from
natural rudbdber were obteined from Messre.Dunlop Limited, and
vere oxamined In oxrgen at a pressure of 10C stmospheres, and by
the 'pot! test. The results are presented in Table 13 froa
which it will be seen that tvo of the samples, hoth contalining
a falr procrtion of reciaim rubber, Lad considerebly higher
ignition temperatures than the other samples. Addition of ansi-
oxidant to the material corresponding to Mods No,2905 4id not
affect the ignition tcmperatures appreciably, neither 414 the
roplacement of 23% clay (Jode %o.3007) by 23 cerbun dlack
(Cede %.2290).

TAELE 13.
Ignition Temporatures of Dunlop famples.
Average Ignition | Minimum 'pot
op Temperature in fgnition
de No, | Mein ingredients $ |Oxygen at 100 ats.| Temperature.
MY oC
1804 Beclalm rubdar 0 135 380
Pure rubber 10
Oarbon black 16
8pindle oil 15 ]
1877 | Beclaim rubdber 20 ! N 380
Pure rubber 18
0i1 il
3007 Pure rubbder A€ 186 325
Qay 23
011 =il
2290 Pure rubdber A6 185 100
Oarton black 23
011 nil
Pure rubder containing
2905 enti-oxidant. ' .29 320
Pure rubbder without 165 165
. anti-oxidant, "

Trial lengtha cf hoea the inner lining of wiich correspondsl
to Oode Bos. 1877 and 2290, were obdtained from Nessrs,Duriop Led,
Judged by ignition tcompersturs the hoss corresponding to (ode ¥e.l877
was orpected to be more resistant to igniticn and thls wvas confirmed
in specisl sxpuriments with oxy-acetyleze equipzant, Thae bhose
corresponding to Code 30.2290 could de =ade to fire eaiil; wvhereas
the hose corresponding to Code %0.1877 wee =mcct resistars,

II(t}1. - Bycar.

Two bhrycar hoses were received from the Ministry, The
firet sszple consisted of lining tudbe cnly and wiil te referred
to as hycar lining tute. The rscond sazple vas ~3ie “v the
British Tyre and Audder Jompuny and will de rcferred tc as PIR
Bpeci?i~ation ¥5/05, Smepies of the lnner ising of the latter
oaterial were racovsd 10r exazinslion,

Experimerts with hyer 'tolng tude were .aurvled Ut on
2.1 g.sacples to wvhich seall snde of fabric atill ajners?
and repcrted with sampies frem - ich the Zabdbric bal bwan cozplote: )
roanved, Ic the presenca ¢ fubris \he fomition tacperature in
oxygen at 100 atmosphsrss wvas retuced by adeut 1000,

+—
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Exporiments on tho effect of heating rate were ocarrisd
out at 175 atmospherae. It was found that 1f the heating rate
wag reduced c£o that the time takec to heat the sample from 100
to 200° was four minutes instend of two minutes ignition did not
occur in six exporiments in which the sample was heated to 3200C,
wherens ot the normal faster heating rate the ignition temperature

was 200°0. The results ars chown in Tobls 14,
TABLY 14.
Ignition Temperatures of Hycar Lining Tube
Prensure Irnition Temperaturs -~ 00
1th fabric. Without fabric
flow flow - 2 litres/min,
ats. |8tatic |2 1itres/win, |Individual results, Averagq
50 243 - 385, 365, 352, 379, 370
360, 379.
100 223 252 350, 370, 3716, 379, 3713
1379, 384.
175 193 208 199, 202, 218, 220, 200
180, 179.
250 - - 156, 163, 170, 159, 162
171, 150.

The results for BTR specification 965/05 are given below.
4t nll pregourcs 1t will be seen that the ignition temperature was
below the corresponding ignition temperature for the aycar
iining tube; 4in all cases the samples were carefully freed from
fadbric.

TAZLE 15.

Igniticn Temperaturee of Bycar -~
BTR Bpecification 965/05.

[Pregsure Ignition Tompsratures - 9C
. 8tandard
ats |Individual rssults, , Average | deviatio
50 200, 295, 188, 198, 205, 310, 221, 228 47
209,
100 224, 215, 205, 223, 222, 4. 218 9
175 142, 185, 172, 160, 177, 209. 174 a3

The greater resistance to ignition shown by the hycar
lining tube was confirmed by the !'pot' teats in which the lining
tube had an ignition temperature alve 39070, whereas the BTR
epadfication 965/05 ignitos at 375°0.

11(v)2 ~ Nooprene.

Neoprene lining tube, received from the Ministry of Supply
was examined in the high pressure apparatus with and without
traces of fabric adhering to the sample. 4o with hycar lining
tube the presence of fabric considerably reduced the ignition
temperature,



- 16 -~

The effeact of hen'i:g rate was oxanined at 175
atmospheres, when it was found that increasing the rate sc that
the sample vas raised through 100° in one minute reduced the
igrition temperature from 245° to 177°C, The results are given
ia Tabdble 16 and in all cases were obtainad using the uormal
heating rato ir a flov of oxygen of 2 1itres/minute, except ona
series of experimpnts at 175 atmospheres at the faster hecting
reto, The inner lining of two neoprene hoses, one for oxygen
and one for acetylsne, made by the Britiah iyre and Rubbder
Company to their specification 1219, was also examined iz 100
stmosphercs at & flov rate of 2 litres/minute.  The average
{guitinn tc peratures were 3040 and 312¢0 respectivsly, which
1s about 200 above the ignition temperature under identiocal
conditions of the neoprene lining tube sudmitted by the Minlatry,

TARLE 16.
Ignition Tempsratures of Neoprene Lininz Tubde
[Preasure | Ignition Tomperatures - 0O
ith fabdrio Without fabric
Standard
ats. Average Individual rosults. | Averago | deviatior
50 229 300, 312, 300, 306 7
319, X¢, 307.
100 17¢ 259. 292, 242, 285 7
285, 21%, 290.
175 191 2€4, 245, 238, 245 12
- 243, 291, 230.
Yast heating rate
178, 1716, 168, 177 8
168, 180, 190,
250 165 249, 245, 18¢, 05 44
162, 170, 248, 175, |

The materialy were ale> examined dy the ‘pot! test and
ths uinimum ignition temperciures were ae followsl-

Neopreze lining tube with fadric - }zOOC
Neopreze lining tube without fadric - 358000
BT 8pecificaticn 1219 oxygen hcwe - 37090
BTR Bpecificaticn 1219 acetylene hose 3732

11{¥)3. - Righ Pressure Cxygen Bose BTR Bpecification 1130,

T™he inrer linirg of this hoss manufactured for use in
bigh pressure oxygen systcms was oxamined at 100 and 250 atmcspheros
in a flow of oxygen. ¥o igniticns were oblained at 250 atmcapherss
when the heating rate wae the aa=e as that used in the experisents
at 10C a’mospheres’ hari cardonised residues were obdtained. Yhen,
kowever, the hectlrng ra’c was increased {gniticn cccurred quits
readily a® sdcut 1759C. The increaso in heating rate wes not very
groat; at the faster rate he sazple vas warmed from 5C to 1600
in cne and a half einutes,

The results ars showvn in Madle 17.
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TAALE 17,

Ienition Tempernturee of H.P,Oxygen Hose
BTR 8pecification 1180,

Pressurs| Heating Immition Temperatures - _9¢
rate ] Standerd
ate Individual results. Avorage | deviatio
100 Normel. 314, 330, 333, 325 16
(100- 346, 306, 330.
2000 in
2 minsg)
250 Normal Four non-ignitlions, - -
Samples hoated to 320°0
Tant 179, 181, 190, 175 18
172, 1€B, 161,

I11(b)4 - Siebe OGorman Hose.

A sample of single covered wire reinfcrced high pressure
hose used by the Siebe Gorman Oompany was received for ‘examination.
In special experiments Measrs,Bledbe Gorman had succeeded in causing
ignition of iAddantic¢ai hoass by adiabatlec compreesion.

The muterial was exam.ned at 100 and 250 atmospheros in
oxygen flowing at 2 litres/minute, The results glven in Table 18
show a marked roduction in i1gnition tempsrature at the higher
pressure. The 'pot! ignition temperature was 400°C,

TABLE 18,
Ienition Tomperatures of Blebs Gorman Bowe.
Prosoure Imition Temperatures —  ©0
tacdard
ats, Individual results, Average. |deviation
100 378, 375, 368, 379, 372, 319. 375 4
250 147, 148, 170, 141, 128, 168, 150 16

I11{v)5 - 8ilicona Rubber,

This ma*erisl was examined at 50 and 175 atmospherss
in a flow of oxygen and at 250 atmospherss under etatic couditions,
The ignition temperatures are quite high and like the otbsr
Pillicone materials reported in (lass I are not greatiy affected
by increases in pressure, The material failed to igniie in the
'pot! test at 50000,

TABLE 19
Ignition Tomperatures of S1lic¢one Bubber.
Prossure | Ylow (¥) Irnition Temporatures -~ ©0
(2 1/min) Ezzndard

ate or Htatic (&) Individusl results. Average.| aaviation

50 L) 355: 391, 360. 395 5

175 ) 297. 333, 230, 306 28
331, 330, 265.

250 8 315, 330, 340, 326 12
315,




11(c) - Oarbon Blacke.

Threo samples of szarbca blacka used in rubber compounding
woro examined in oxyger at 100 atmospheree flowing at 2 iitres/
s nute in Podbruary 1949. The resuits are glven in Table 20,

TARLE 20.
Ignition Temporaturas of Carbdon Blacks,
Lhteriu] Ignition Tempsrature -~ o0
r Btandard
Individual results Average| deviation
Jawnp Black 0y, 320, 314, 296, 281!‘29}, 302 15
Taermatenic
Black 0, 308, 331, 335, 343, 318, 233 13
fantex Flade
8.3.!. 301a }10; 305; 5091 }121 503' 307 .4

Lamp Black wid ro-examined in Septembar 1349; tho ignition
temporaturcs are given in Table 21 and are considerably greater
at 100 atnoepheres than the results obtained in February 1949,
The hsat ing rutes used 1n doth sate cf experimiats were the same
and in ail eases quite sharp breaks wers obtained ia the temperature-
time curves. The samplas wers received as powdsre in ain-tight
ting, It is diffiocult to explaln the discrepancy butween ths
rosults odtained in February and Beptembsr, but it 1e reaeonably
csrtain that pressures in the renge 100 - 250 atmospherea uoes not
have a mavrked affect on iznition temperaiure and thet t:o cerbon
bluckes have relatively high ignition temperature in high pressure
oxygen.

TAELE 21.

lgnision Temperatures of lLary Black obtaiued in
Septamber 1949.

Preseure Ignition Temperature -~  ON
Standard
ain, Individual results. Average | deviation
£0 373, 435, (failed to lgnite in four tests)
100 419, 396, 376, 318, 385, 399. 392 16
172 | 560, 330, 391, 371, 402, 40<. e | 13
250 4101 175! .‘519 361L3290 317' 357 32

Claes II ~ DISCUSSION.

Natural and synthetic rubuer hoses are used in both high ang
low pressure oxygen svetems. In high pressuve eyctems the hosas
ere vaed mainly ae flexible connections for charging cylindere.
Mres in such high pressure systms have been rerorted but no
ge%aliled accounts arc avallable of such incldents and they are
balisved to be infrequent, Tires in low pressure horces use’ with
oxy-acetylene welding e¢quipment are more common., The firea usually
ccor sfior & 'flashback!, 1.6. hot gases ars forecod back from the
torch int; the supply heese where they may cause a hose tc ignite.

As vudber hecees ars frequently used 1n osygen systems
congiderable work was carriuvd out to determins the ignition
characteristice of typical hoee suteriels., The results presented




iz thla section ehkow that -

1) YXone of the hose materimls ignited spontanecusly at
room temperature,

2) Y the mtoriale ignited in oxyger as ths tempersturs
wae raised. The ignitior temperature was ccnsiderably
reduced Yy izcreaslng the oxygen pressure in all oaaes,
excep. tnat of siliicone rutber which 44d not ignite
balow 300°C even At the highest pressures, The natural
rubbers and the synthetic rubdders, cther than silicone,
may ignite at tempsratures well below 2000C in oxygen
at 100 atmosrheres or above, Tha progressivs reduction
in igniticn temperature with increasing pressures is
probably not caused by the inclusion of carbon black
fillere, since these matariale wiien examined by themselvas
heve igrntion temperatures adbove 300°C in oxygen at
250 atmoepheras,

3) 1gnition temperetures of hycar, neoprene and BTR high
pressure oxygen hose specification 1180, were all raducad by
increasing the heating :ate, At the fasteet hsating rates
used in these axperiments (1000C rise in 1 minute) the
igrition temperature of neoprens in o~ygen at 175 atmospheres
wee r Yuced by 70° Sfrom 245°0.

4) Accelersted egeing bty sioring samples cf the inner linuing
at 5000 for three daye in oxygen at 100 atmospheres reducasd
the ignition texzperaturs of the I,0.I,Btandard and Natural
Rudbhers. The ignition temperature of I.0.I,Standard
Bubbor vas reduced by more than 400 after the material hed
bteen kept for ope year lip eir at room temperaturs.
Unforturately the storags sxperiments at 50°0 in oxygen &t
100 etmosphares carried out with rsoprene and hycar were
not conclusgive gince the samples included fadric roinforoswaent,
The igniticn ¢emparatures of neoprane z1d hyear wsre act
significantiy affscted by storage at room teuwpersturs.

5) Most of the meterisle reportad in this sectliou were also
examined by the fpot! test, The silicone rudber which
had the highest 1gnition tesperatures had the highest
Ipot! 1gnition temperature, and in general it was found
that the higher the 'pot! ignition temperature tke higher
the ignitica temperature in high pressure oxygen. The
ratioe of ipot'! ignition temperaturs to ignition tempe~ature
in high pressurs oxygen at varloue pressurss has been
calculated but no quantitmtive concluelons can be made.
Unfortunately the 'pot! ignition tempersture gave no
icdicetion of the effect of pressure in the renge 50 to 2%0
atmospheres on ignition temperaturs, The 'pot: ignitiomn
temperature 41d, however, give some qualitative indicatian
aboui the behaviour in high pressure oxygcn.

6) fTracee of fabris adhering to samples of ueoprone end hycar,
caused marked radustion in theo ignitlon temperatures of
thess materials, The reduction in ignition temporature
was most marked at the lowor pressurce, e,g. neoprong
lining fude, frea from fabric, had an ignition tomperature
of 285°0 in oxygen at 100 atmospheres whersas the ignition
temperature fell to 176°0 i1f traces of fabric wers included
with the samples. The corresponding figures for hycar
1ining %ude were 373° and 252°0,

Fires in rudbei hoses used in oxygen systems will oceur
1f the temperature at any point within thelose in contact with
oxygen 1a ralced to the ignition temperature. If a trace of foreign
mtter of lov iznition temperature is prssent in the hose it will
determine tho Sempursturc at which combustion occurs, The actual
salues of the ignition tomperatures of any glven hose cannot by

3
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1teolf Adccide vhether the hoso is sefe for the duty envisaged,

Wt cther thinge belng vqual the material with the higher ignition
temperature is to be preferred if parte of the hoss may Ve
subjosted to sudden tcmperaturo changes. In howes for uee at low
pressure (up to 100 p.e.,1.) other than those used in welding,

the ighitlon hazat? 1s nogligidle. In hoses used in welding,
experience shows that lioses of which the lininga have a high
{gnition temperature ('pot' 1gnition temperaturs 370° or above)
are much lees llable to fire on flashback thun homes with lower
igaition temperatures. HNeoprene hoses havo boen found quite
satisfactury for low pressure systems.

The hazard 1s more difficult to assess in high pressure
oystemes. High lomml tompera ures of very short duration, vis, 'hot
spots! can be produced by adlabatic compression; this may happen
when & eylindor is opsned suddenly to dlscharge into a closed system.
'Bot epote! may also be created by friction through a fine leak, by
frictioa between the rudder surface and high velocity gae streanms,
by electrostaiic discharge and by high frequency vibrations, 1In
high pressure supply hoses the most likely causo of 'hot epots'! is
adiabatic compression; the other caunseu are more likely to operate,
if ot all, in regulators.

Although it is beyond the scope of this report to preecride
standards »f safety for actual equipment it is suggested that rubber
hoses may ba used with high pressure oxygen provided that the following
mipimum vestrictionn are strictly observedi-

1) B8udden changee in presasure are avoided,

2) The bore of the hose 1e free from cracks, dust, oil
and fabric reinforcement,

3) The imner lining of ‘he hose has a 'pot! 1gnition
temperature of not lees than 370°C,

4) Hoses 8v2 examined periodically to emsure that condition (2)
1s ! .intained
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CLASS Il ~ POLYMERS.

Tho following materiale hav~ been lxcluded in this
Bectioni-

1. Polythene.

2. Teflon.

}o xel-F.

4. DPolyvinylchloride.
5.  Polyvinyl-alcohol.

6. Nylon,
g. Perapex.
Buna

Q. Red Vulcanised Fibrg
10. Resin-bonded fabdbrie
11, Tufnol.

A4 m e 2R

% indicates that the material was zulmitted vy the Minletry of
Sunply.

The first eight materiais have all been developed in
recent years; Xel-F, in fact, 18 not ret ruadily availzcdle, The
last threo materials are included in this aection bocause the
bonding material is often a poiymer und ilike tha other materials
ircluded in this section they ray bs machined to form seats and
gtslkets in high pressure oxygen systems,

I11.1. - Polythene (Polvethylene).

Bmall block samples wers cut frem a-&" rod of polythens
and axnmined in oygen et 2 litres/minute and in air at 2 to 10
litres/minuto. The average isnitlon temperntures are glven in
Table 22 1n whica the standnrd deviations are shown in trackets,
It will be secn that, with e'tker oxygen or air, preasure in the
range 50 to 250 atmospheres hed little offect on ignition temporaturo,
nor ie thore any blg diffeorence tatween the rosulte with air at
10 litres/minute, rnd the results ol 2 litres/minute, although it
18 intoresting to ncto thut in all coses ignition temperaturos wore
6lightly lower nt the higher gas rato,

The 'pot! ignition temperature was 380°0,
TAZLE 22,

Irnition Tomperaturca of Polythcene.
(Standnrd devintion in brackets)

Prossuro Moon Ignition Temperature in Ar., [Moan Ignition Temp.
og in Oxyron, ©C

Flow roto - 1litros/min, Flow rato ~ 1/min

ats. 2 . 10 2
50 271 (12) 218 (10) 215 {16
100 222 {31) 201 (20) 205 (10
175 255 _\12) 208 (9) | 11 (19
250 222 (13) 215 (21) 203 (16}

Bamples cf Polythene seals for oxygon rogulators wers
exemined in dlock ferm at 100 ntmosphoras as recelved, and after
storage for threi days at 50°C in oxygen at 100 atmoepheres. It
will be seen from Table 23 that the ignition tamperature of theee
Polythene seatr increaced on agoing.

e ,;.:‘iw -
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TABLE 23,
Ignition Temperatures of Folythene Seats.

Pressure Ignition Temperature - 00
As received After accelerated ageing
ats., [Individual results.|iveragal Individual resulte, |Avera
1060 142, 151, 191, 200, 135, 188,
173, 152, 1%5. 161 {187, 210, 193, 196

iI1.2, - Teflon (Tetrafluoreethylens polymer).

This interesting material was examined in the bomd
12 dlock form and as shavings up to prossures of 250 atmospheres.
Experimente were carried out in a static atmosphero and in a flow
of oxygen at 2 litres/minute, but in no cass was ignition recorded
although tae samples wero heated to 35000, In all cases the
reeidue vas transluscent whon removed from the bomd, but on
ocooling bacame opaquo and indistinguishablo from samples that had
not been heated iz oxygen. It was poseible, however, to ignite
teflon in oxygen at 1 atmosphere in the 'pot' test at adbnormally
high tesperst ures. The material coulid de seen burning feedly
in oxygen preheated to 530°0, The resultse of the 'pot' teut
are shown in Table 24 in which 'x' indicates fallure to ignlte.

T 24.

'Pot' Ignition Temperatures of Teflon.

Tengerature Ignition Time Frequency
C seconds
520 X xx 0/3
530 60, 72, 70. 3/3
550 30, 8. 2/2

I11.3 - Xel-¥ (Monochlaore trifluoro-ethvlene polymer).

A sample of this new materitl was obtained from Amerios,
Unlike Teflon it i¢ a transparant thermoplastic, the physical
properties of which can be modified by suitabiv treaiment.

There was insufficlent for high pressure tests but a
1ittle of the material wasz examined by the 'pot' test, when
12 wvae found o ignite at 60000, but not at 560°0. It may bde
that the exact 'pot! ignition temperature 1s below 60000, but
it 12 clear that Kel-T has a higher ignition temperature than
Teflon as detamined by the 'pot! test. Tho detailed results
are given in Tatle &5, in which 'x! indicuates failure tc iznite.
ds with Toflon the material burned fesbly when ignition 4id ococour,

TAELX 25.
Pot! Ij'gition Temmersturee of Kel-2

@emgeramre Igoition Time Frequoncy
C seconds

260 XXX 0/3

00 23, 16, 18 3/3
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I111.4 - Polyvinylchloride (PVC).

(2) Unplasticised!

Bome polyvinylchloride in piwder form, obtained from
Messrs,1.C,I.Limited, wae examined in high pressure oxygen
flowing at 2 1itres/minute. The reoults given in Tadle 26
show that the ignition temperature .f PV( falls from 444° at
1 atmosphere to 204° at 100 atmospheres and 161° at 250 atmospheren;
pressure olearly had a marked eff: st on ignition temperatures,
but increases in pressure above 100 atmospheres did not greatly
reduoce the ignition tamperaturs,

TABLE 26,
lgnition Temperatures of Polyvinylshloride.
(Ur;lasticisod
Pressuro Igritien Tempsrature - o0
Btandard
ate, [Individual Rosults, dvorago| doviatio
1 2%, 450, 471, 431. 444 2a
50 229, 249, 250, 239, 259, 246, 245 9
100 229, 224, 198, 210, 185, 161, 204 20
175 170, 16-, 171, 162, 228, 165, 160 1
250 178, 154, 157, 158, 159, 162, 161 5

\b) Plasticised!

4 sample of polyvinylchloride plastiocised with triorosyl
phosphato was received from the Research Asesociation of Britigh
Bubber Manufacturers and oxnmined in block form. The results
given in Tadle 27 show that the plasticised materiasl has a slightly
higher ignition temperature than tha unplasticised,

The 'pot' ignition temperature of the plasticised was

45000,
TARLY 27.
Ignition Temperatures of Polyvinylehloride,
{Plasticised)
Prescure Ignition Temporsura - 00
T Btandard
ate, |Individual Hoeults, Avorago | deviation
50 _|266, 265, 280, 273, 275, 284, 214 1
100|241, 248, 248, 231, 250, 246. 244 1
250 175, 170, 200, 209, 193, 198, 191 15

I11.5 - Polyvinyl-alcohol.

Tho fi-si material examined, a polyvinyl-iloohol
manuf=siured in Germany, containing phisphoric acid, had a
surprisingly high ignition temperature, as oan bo seen

from Tadle 28,

in order to decide if resistance to isnition

were conferred Ly the phosphoric acld, tests we~s carried out

cn specially prepared specimens free from this adaition,

The

ignition temperatures of the latter material are shown in
Somparison with thomof the Oerman material in Tadle 28,




It will bde eeen that at 100 atmospheres the Gernon material
has an igktion temperature that ia more than 2000 higher

than the material contaicing no phosphorio acid., At 250
ateospheres the German material falled to ignite up to
temperet uree of 320°0 and when the samples were removed from
the bomd they were in a semi-molten state with some clear
1iquid lying at the dottom of the doat. On oocoling a dbrittle
black residue wac obdbtdned,

i e

TABLE 28,
Ignition Temperatures of Polyvinyl Aloohol,
Pressur Ienition Temperature - °0
German sample contalning §| Muterial made at Morden
osphoric acid. contalining no phosphorio aogg
ndividual Individual i
a%8. |jresuits. Avera results, Average
£0 rage §
50 1443, 440, 421, 300, 298, 305, .
430, 390, 410. 422§ 375, 361, 318, 309, 34 ;
100 429, 442, 4Bo, 279, 237, 239,
450, 454, 472. 455 | 245, 250, 225. 246 :
250 |[Tailed to ignite in Not examiped. %
four experiments up :
4to 320°C, |

fmall samples of polyvinyl alcohol phosphorylated with
phosphorus oxychloride (POCl:) were prepared and examined at 250 1
atpospheree in oxygen in the high pressure bomb, !ader these i
conditions the material falled to ignite at tempuratures up to :
35000, The material ignited wvhen szamined by the 'pot! test at
the very high temperature of 66000, The corresponding igrnition
‘..a:geraturo for the polyvinyl aloohol before phosphorylation was
420°¢,

I11.6 - Nylon.

Yylon in the far_ I a small bar was received from the
Ministry = Gupply and examined in a static atmosphere and in a
flow of oxygen at 2 litres/minute. The 'pot’ ignitlon temperature
of this material was 500°0 and it will te ssan from Table 29 that
there is n marked decrenss in {gmitlos temperd uiv as pressure is
increased; at 50 atmospheros the ignition temperature was 328°(C;
at 100 atmospheree 249°0 and at 175 atmospheres 18800, Ignition
temperast ure increased slightly to 2199C when the pressure was
increaaed to 250 atmosphercae, It will be seen from the table
that w:oty olien oniy three exporiments were carried out at each

pressurae ae ths agount of matserial avatilable for test wae smel]l,
Thers is no significant diffarenca ®stiicou ihie ignition
temnerrt_ s aetermingd under statir svynordimonte somporcd lth
tho CLo.ies ootalned under flow conditions.

TASLE 29.
Imition Tempcraturee of Kylon,

Prossure Ipriition Temperatures - ©C
Statlce Flow
ats. [Individual reeults, [Average.l Individusl results | Aversre
50§32, 31, 330. 324 325, 336, 330. 328 |
100|292, 340, 255,160, 310 243 215, 251, 26l. 249 :
175 - - 160, 203, 200. 188
250 - - 180, 229, 221, ’
259. 29
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Three samplee of nylon ueed in the U,8.,i, as swating

material for oxygon regulators wore examined by the 'pot! test,
The 'pot! 1gnitton temperatures of these Amarican eamples were
in excellent agr~~ment with those of the samples obtained from
the Mnistry of Bupply.

I11.7 - Perapox.

of Bupply and was examined in oxygen up to 250 atmospheruse ia
block form and as shavingze.

occurrcd, bdbut it will be seen from Tahle 30 that ignition, when
1% occurred, was at substantially the same temperature as for the
sample in block form.

Attempts to determine the 'pot' 1gnition temperaiure

falled as the scmple volatllised before lgniticr occurred,

TABLE 130.

Ignition Temperatures of Perspsx.
(Block and Fhavinge)

A porepex sheot é" thirk wae recelvel from thoe Minietry

Ynon shavings wero usod there was a
tondcncy for tho samrle to volatilise complotely beforo igmition

Iruation Temperaturs - 90
L
Prossurse | gmsyvrncsl| BLOCK
Static Static Tlow (2 litres/min
Individual Individuel Standard
ats Average jresults Average | Results Averagejdeviatio
50 240 |eo65, 288, 273, 260,
217. 2 283, 289,
3C3, 306,
302, 289,
A 30C, 289 15
100 - 2290 2420 282v 27 '
253' 24-1 3'00! 25“0
300, 279,
297, 213,
288, 284 16
175 218 263, 140, 245, 16€,
205, 217, 16). 191 -
293, 182,
202, 195,
215 172, <1l
250 135 193, 238, 198, 154,
213, 22¢ 211, 212,
ens, @19,
240, 21i¢,
2sC, 224 12

111.8 - Gorzan Bura,

4 smal)l rod of German Bune was rezeived froxz the Kinlotry

of Supply and sxamized in dlock form az! as aievicgs in a static
The averags
ignition temyeraturay are given in Tadle 31, from which it 1s clear

atmosphere and in a flow of oxygen at 2 litres/minute.

that tha ignition temperatures of Gur
reduced when the saupie {s exarined as chavings,

2 Ping are very conesideradly
in this fore

German Buna has a very low {gnitlon tazperat:re at moderate prussures.
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TABLE 31
Iynition Temperature of Oerman Buna,
Pressure Ignition Tempnerature - °g
SEAVINGS SOLID BLOOK
ats. flowrate flowrate
N1l 2 1itres/min. N1l 2 litres/min,
1 - 254 - 464
20 189 194 294 315
50 140 162 302 349
100 133 164 - -
175 - - 314 258
250 126 141 - - i

With the excoption of etatic experiments at 50
atmosplieres using shavings only three experiments were carriad
out under any zlven conditions as there was a very small amount
of material available, There was no material left for the
detormination of 'pot'! ignition temperatures.

111.9 - Red Vulcanieed Fibre.

Rod vulcanised fidrs cubmitted by the Ministry of Bupply
was examined in the bomdb in air and in oxygen, The average
ignition temperaturees in oxygen for dlock samples and for shavings
are givon in Table 32. The results show that there 1s no maried
difference in the ignition tomperatures betwoen the samples in the
two different forme and that incrensing the pressurc to 250
atmospheres causes a progressive reduction in the ignition temperatures
of the shavings under flow conditions. In the static experiments
the vffect of pressure on the ignition temperature of red
vulcanised fibre in elther form is slight.

The 'pot! ignitlon temperature of block samples was
32590 and samples of red vulcanined fibre stored at 4000 in alr
of relative humidity 95% increased the 'pot! ignition temperature
slightly to 33000,

TAZLE 32.

Ignition Temporatures of Red Vulcanisoed Fldre

Pressure Ignition Temperature - 00

BLOCK SBAVIIGS

atg. |Btatic| Flow 2 litre/min, Static Flow 2 1litre/mi

1 = 315 - 352
"0 222 2712 242 213
100 220 - 212 21h
175 213 210 204 189
250 212 - 211 145
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Fifteen additional experiments using block samplew
vere carriod out in which the materlal was maintained at a
steady temperaturs in the range 140 - 1800 in oxygeu at
100 atmosphercs. From Tudle 33 it will bo socn that
the average ignitlon temporsture under static conditions
in oxvgen at 100 atmospheres is 220°C, but in those specinl
experiments the muterlal 1gn1ted aftera time interval varying
between tweniy minutes and 2 hours on ten occasionr, In
five experimento ro 1gnition vocurred during storage up to
46 houre. In one case ths sample appeared unchanged and it
was roturncd to the bomb for the determination of its ipnition
temparaturo, undor etatic ocnditlors, at & prossuro of 100
atmoephoras, It wug Found tn ignits at 1050C waich is the
lovest ignition tompsraturs records? during the course of the
experimental programme. Theese special experiments indicate
that the ignition temperature of red vuleaniged fibro 1s
appraclably affected by malntaining the semple in oxygen at
about 15000,

Experimento were also carried out on block samples in
alr flowing at 2 and 10 lites/minute up to pressures of 250
atmospheres. Renults are given in Table 33 from which it will
be seen that in ull cases lower ignition tomperatures were
rocorded at the higher flow rate. A1 the experiments in alr
wore carried out on somples in dlock form.

TABLE 33.
Ignition Temperatures of Red Vulcanised Fibre in Adr

{
Prossure Ignition Temperature - 00
Flowrate - 2 litres/minute Flowrate ~ 10 litrea/minute
ats. [Individual Stordard y Individual Standary
results | Average! Dov. results. | Average| TDev.
50 | 300, 307, 233, 233,
290, 28}' 244' 2411
300, 275. 293 12 243, 259, 242 T
100 270, 269, 218, 225,
275, 275, 225, 211,
280. 274 h 250, 237. 231 11
175 267, 255, 172, 204,
238, 241, 234, 205,
216. 247 13 180, 224. 203 24
250 2g? 249, 200, 208,
211, 182, 2‘87-
237. 246 pal 220, 1 204 29

111,10 ~ Pasin~bonded Fabrio.

Thie matarial wse exazminsd 1o blocic forr only in oxygen
and in air up to 250 atmospheres, The 1re3ults are given in
Table 34 from which it will be sean that increasing pressure
reducos ignition temperature in all cases and that the ignition
temperatures 1n alr are appreclably greater at any given pressure
than in oxygen,
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Ignition Temperatures of Resin-bonded Tabrio,

Pressur Ignition Temperature - oy
IN OXYOEYN IN AIR _
Btatic Flow — 2 1it/min, Tlow — 2 11t./min,
Individual Individuss Individual
ats, | resuls Averapo} resultc |dverage | results Average
50 | 212, 210, 262, 243,
208, 210 215, 246 - -
100 | 219, 183, 195, 193, 238, 256,
200, 201 197, 197, 259, 250,
179, 290, 250, 244,
232, 200, 253, 250
221. 201
250 | 193, 160, | 160, 176, 261, 219,
140, 150, | 161 162, 177, 210, 217,
170, 175, 242, 234
200, 198,
188, 179

The 'pot! ignition tomperature of the material was 320°0.
Btorage of ths material for eleven days at 40°C in air of relative
humidity 95% increases the 'pot! ignition temperature slightly to
32500, e 'pot! ignitlon temperature in air was 360 0,

In two special experiments dlock samples were malntained
in the high pressure bomt at 15000 for sixteen houre in oxygen at
100 atmospheres pressure. The material did not ignite during this
pericd and after removing the samplew from the bomb they appeared
unchanged. One of tho eamploc was welghed before and after storags
in ths bomd and was found to have changed in welght only from 0,1011 gnm.
to 0,1019 gm,

IIIoll - Tufnol,

Block samples prepared from Tufnol sheet wers examined in
high pressure oxygen, The ignition tomperatures given in Table 35
show a progressive decreass under flow conditions as *he prassure is
increased from 50 to 175 atmospheres,

TABLY 3%,
Ignition Temperatures of Tufnol.
Fressurs Immition Temperature - o0
BEATIO JLOW — 2 litres/minute
Individual 8tandard IndlvIdual Standand
ats results, Average|deviation resultas | Average|deviation
50 269, 281, 240, 248,
266, 300, 280, 150,
281, 283 13 270, 360, 291 5
100 292, 258 269, 265
241: ' 264 26 210, ' 248 31
175 - - - 139- 197,
180, 156,
161, 173. 171 15




QOlass III - DISQUSSION.

The materials included in thie section are of coneiderable

interest since muny of them have Yeen developad recently and may
raplace some of lhc more conventional matorials included in Olass IV,
Examination of the results suggoste tho followding conclusionsi-~

1)

ny
~

3)

4)

5)

6)

The fluoripc*ted othylone polymors, Toflon and Kol-T,

and polyviiyl alcohol phosphorylatod with POOly havo
oxtremoly high ignition %emperatures and for practical
purposas may be consldered non-inflammable. Juiged by
resistance tc ignition thucse matarials should prove extramely
ugeful for making velve sents, gaskets and possibly inner
lininge for hoses, provided that fadrication difficulties

ard cost do not present insuporadle obatacles.

In oxyzsn at 100 atmospheres polythene, unplosticised
polyvinylchloride, Oe¢rman Buna ehavings and Resin bonded
fabric can bo ignited at 20000 or below; Tufnol, German
Buna in block form, perspex, nylon and polyvinylchloride
plasticieed with tricreuyl phosphato ignited at about 250°0.
Incroasing ~!:a oxygon prossure to 175 atmosphores roducod
tho ignitic» “omporaturos of all the mtorials dut with
polythono, ~ylon &nd perspox a further incroase in prossure
to 250 atmosphoron causod a emall, btut slgnificant, insrease
in %ho ignition tempornturo,

Perspox, OGerman Buun and the rel vulcanised fibre wers

all oxauined in bleck form and as shavings. The ignition
temperature of shavings of German Buna wore vory much

lower at any givenpressure than the same material 1in bBlock
form, e.5. At 50 atmospherns shavings ignitod at 16200
comparod with an average ignitiorn temporature of 34590 whon
tho Buna wos in dlook form, No significant difroroncos
wore obsorved with porspox and red vulcaniased fibre

batween the ignition temperatures of the block and shredded
samplas,

Tha ignition temperatures of polythens, red vulcanised
fibre, and resin bonded fabric in alr were in general
rather higrer than tha ignition temperaturcs obtained in
purc oxygen, There secms to be no definite rolationship
botwoen the partial pressure of tho oxygen and tho ignition
tomporaturo of these materials,

Ignition temperatures obtained under static conditions in
oxygen do not vary greatly from the results obtained at

the same preessure when the oxygen is flowlng at 2 litres/
minute. In some caoses *he ignition temperature was
increassd elightly, in othors decreasod slightly. Increasing
tho flowrate from 2 to 10 litres/minute +hen using air led
to a 3ignificant reduction in lignition temperdt ure in alli
cones,  With red vulcanised fibre this reduction was of

the order of 5000,

The specinl ageing experiments carried out with somo
selacted materlals provided interesilng results, dbut
unfortunately thoy do not yleld general conclusions,
Tho recsir bonded fabriec for oxample appeared unaffocted
by storago at 150°C in oxygon &t 100 atmosphores fox
poriods up to 16 hours, Red vuleanised fidro on the
othor hand ignited in oxygzen at 100 atmosphores aftor
an !induction poriod'! betwean 20 minutes and 2% hours
at about 6000 below the normal ignition temperature.
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s 'pot! ignition temperatures were fuund to give
nome incicstion am to the reiative order of ignition
temparature \n high pressuis oxygen. Ta the
following tedle the 'pot! ignition tempsratures are
corpared wlth she averngs ignition temperatures in
oxyzen at 100 atmospasres. Tha arrangement cf the
raferiala in drder of increasing 'pot' ignition
temperaiure is cubstaatially the same as the
arrangemant in order of increasing ignition twumneraiure
in oxyzen st 100 atmoepheres., The difforences in
'pot!  ignitlon temperature am ti:e tablu 1s desconded
is much groater than the corrocponding Aifferencss in
tho ignition %omporature at 130 atmospheres. If
ignition temperatures were a complets index cof
resistance to ignitior in oxygen at high pressure 14
is slear that tho 'pot' test would Ve morc zessitive
than the high pressure tent,

PARLE 36

Material

'Pot! Ienitlon|Ignition ¥emp.
Temparaturc, |in Jxygon at
[ 20 100 ats, ©C

Polythane

Nylon
Teflon

Besin bonded febric 320 201
Eed vulcanised fibre 128 215

Polyvinyl-acatate 420 24
Polyvinylchloride (plaaticieed) 450 244

530
Pulyvinyl-alcohol (POC%;) 660 ; 2 350

386 205

500 249
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CLABS 1V ~ VALVE SEAT3 AND REGULATOR DIAPHRAG:IS.

& numder of mrteriale intended for usoc g9ither ae
valve soats or as dlaphragms in cylinder regulatore manufactured
by tae British Oxygen Oompany were excmined. Iz most casos
dotnlls of ferouletion were uninown, Yor tho presontation of
rceuléte theose nctorlsals are classified as followgi~

1. OACC Beats.
2, Beeswaxe? Leather Waghers.
3, OGOrey Horn Fibre Beats,
4., Rubber 8eats
(a) Tronite
(b} 8oft Rubber,
5. Radber Diaphragms,

I1V,1 - GACO Soats.

Two samples of GACO seate, Grades ¥,90 and H,22 meds
by ths OGeorge Angus Oompany wers axamined in high prassure oxygen :
as received and after accolaraied ageing; the results are é&
presentsd in Tabie 37. Accelerated ageing wes carried out dy
storing the meterlals in copper tubee for thres days ia oxygen
at 100 atmospheroe and 5000, In a previous attemp* at accelerated
agoing several raterials included in this section had been storsd
for 44 £ays in oxygen at 100 atmcepheres, The samples were
contained in emali copper tubes meintained at 60°C, Many of the
materiale were complately decomposed by this treatment dut the
GACO soato wore orly slightly affscted, The H.22 samples Pecome
slightly tacky but the I,90 samplee were virtually unchsnged:. In
viaw of the co~nlete dscompostion of moet materials during this
drastic treatment milder conditions {storage for three days at
50°9C) were subsequently used.

TAELY 37.

Ignition Tempsratures of DACO Seats,

Pressure Ignition Temperature - C0
Hb 220 EO 200
ate, iAs received. | After agelng, | As recelvel. |After sgeing
50 400 - - -
100 331 349 8y | 243
| 250 182 - - | -

The 'pot! lgnitlon temperatures »f both the GACO samples
were quite high and wera above 390°0,

IV.2 - Beeswaxed Leuther Waashers.

The igniiion temperatures wsie determinad ln oxygen
at 100 atmospheres as received, after leaving in air in the
laboratosy for thres montha and after etoruge for thres days
at 50°C in cxygen at 100 atmospheras, The resulte ars given in
Tabie 38, although the average ignitton temperature te little
changed by storage at 50°C in high pressure oaygem 1t will Ve
gseen from the resuite of individual exporimants that after storapge
in high oressure oxygen the material hae & very variable ignition
temperature and may ignite at as low a temperature as 180°0,
ftcrage for 44 daye a2t 80°C 1n oxygen at 100 atmosphores decomposed
the eamples completd y. A fine powdery residuc, bearing no
rosemdlance to the original material, was removed from tho copper
storage tubg,
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TARLE 38,
Ignition Tampmtur}ea of Deeswaxed Leather Washers.

Pressure | Ignition Tempcrature — °C
Desoription of Sawple ndlvidual [Aver- | Btardard
. ats. results. [ace deviatio
As recelived 100 186, 163,
217, 2,
207, 208, 197 19
After three months ia air | 100 195, 193,
at room temparatvre 200, 205,
. 205, 195, 1199 5
After three days at 50°0 ig 100 250, 129,
oxyger. at 100 atmosphe.es, 193, 118,
187, 237, 1184 %6

o The 'pot! ignition Somperaturz of the metorial was
335°0.

1¥.3 - Groy Born Fibru Beal s.

Pive differont samjles of groy hora fibre wers recelved,
The ignition tcmperatures woro detormined undor flow corditions in
oxygen at 100 atmozpho.es on samploe a8 recaived, and iun thros
cascs aftor ag ing for six months in & steel bhomd malntained &% the
ambieut temperature osataining oxygen at 100 atmospheres, Table 39
gives the minimvm 'pot' igniticn temperatures and the average
fguition temperatures at 100 atmosphores: In all cases reproducidiil
of resuits was good.

TAXLE 9.
ﬁ‘pition Temperatures of OGrey Horn Fidbre Beats,
Minimun | Ignition Temperature in oxygen at 100
Jode Mo, of | 'pot! atmospheres - oQ
Sample ignition After ageing for b months in
Temp, 90| As received joxygen at 100 atmospharas.
61452/ - L 22 252
B/50799/% - 244 230
£/50801 /% 130 223 -
8/50967/3 350 258 220
1R/00006/% 730 232 -
m this sample was &leo examined at 50 atmospheres
vhen the ignition temperaturs was found tec bs
L 24700 | {

T™he results indicate that a prolonged storage 1in
oxygen does not affoct the samples greatly and that the samplos
from ulfforont sources ignite at about the same tomperature,
¥hile the 'pot' tgnition temporaturcs are quite low, tho
igrnition texgeratures at 100 atmosphores are relatively high,
and 14 appears tha*t the ignition temperature of grey horn fidbre
1s not greatly affacted by increaso in oxygon preesure,
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IV.4 - Rubber Ben‘s,

(e) Ebonitoet

4 ramplc of eboniie mads by the Northern Rubber Company
was axemined 1n 4 flow of ¢xygen un to pressurces of 250 atnmospheres
Tho dctullod rosulie are givaen in Table 40 and show tnat the
fgnition temporatuie at 50 aimosphcros is quite low, and thero 1s
rnall reducticn in the Jgnition tempornture ae the pressuro 1s
increased to 250 atmospheres. The materi.l hae tho low 'pot!
‘gnitlon temperature of 31500,

TABLE 40
Iznition Tempe ‘ures of Bhonite (Code No. 16/00000/E)

ressury lgnition Temperaturo - 00
Standara
ats, Individual resulta, Arorage | deviatio
50 200, 161, 176, 171, 131, 183, 182 10
100 175, 158, 159, 164, 158, 1%6. 102 1
17% 147, 134, 142, )42, 142, 1%9. 1 8
250 148, 144, 156, 138, 161, 170. 146 10

Anothsr sample of ebtonlte obtalned from the Indiarubder
Gutta Percha Comparny (Oode N¥o, 11/B0136/E) was oxnmined at 100
atmospheres and found to ignite at 307°0, Thie is & oconeideradly
higher tempsrature than the ignitica temperature given in Table 40.
The minimum ipot' igniticn teasperature was also quite high at
42090, Unfortunately the compocition of these sbonite samples
i1s not known, tut it is cleer that sbonite from different mouross
may have very widely different igunition characteristics,

(b) Boft Rubber Beatu®

Bamplas of soft rubber seais for use in regulators orv
in safety valves were examined in & flow of oxygen at 100 atmcepheres.
The averago \gnitlon iemperatures and the n’'nimum 'pot! ignition
tamperatures sre givon in Table 4i.

TABLE 41,
Ignition Tomperatures of Boft Aubder Hestn,

Minigam
Oode No, of 'pot! Ignit.on
Bemple. Bupplier. folour | i¢enition |Temp. at 100

Tamp, 0 [ats. 00
/35153/B  |Andre Rubbor Ouv. [Black 300 146
'0864 Andro Rubber 0o, !Biack - 178
19/45618/E |Leylund Red 160 176
1/:1939/F | Herds)l o, Grey 319 146

iv.5 -~ Dlaparagns,

Rubber diaphresms about 3¢ inches diameter form an
important part{ of the second (low presaure) stare of two-etage
regulatora. Boveral diaphragua wers recsived for examination
end the iscitiocn temporatures wore determined in a flow of
oxygen at 100 atmeusphores, a3 recolvad, and In some casve arftor




storage for 3 dn o in oxygen at 100 atmosphcres at 50°0, In
some casee the isnition temperaturs was also determined at
%0 atmospheres. The results are given in Tabdble 42,

TABLE 42.
Ignition Temperatures of Dia s, _
Minimum Ignition Temperaturs
ode No. of 'pot! )
Sample. Doscription of Sample. {ignition | as recelved aged

semp. ©0 |50 ats,}100 ate, {200 ate,

1/32222/C |Andre Oo.

Black rubdber contein-
ing 3 layars of
fadbrio. 120 21% 192 175

2/35141 /%" | Beinke Co.
Rod rubber 370 - 160 -

3/31921/8 | Andre Oo.
Black rubber aontain-
ing 2 layers of fabrio | 340 242 142 138

4/51626/8 | dndre Oo.

Black rudbber contain-
ing 3 leyers of fadbrio | 310 -~ 179 -

5/35141/8 | Hoinke Oo.
Red rubber contain-
ing 2 iayers of fabrie.| 340 - 166 -

14/32222/F | Leylend & Birminghar
Grey rubbser cuntalning
3 layers of fahrio. 340 244 {178 167

15/11921/3 |Leyland & Birminghan
Urey rubber containm:ug
2 layszs of fabric 330 216 153 193

u The 1gnition temperature of this material in a flow of
oxygen at 270 atme:sheres wae 137°0 N 1

Class IV - DIBCUSHIOK,

All the motsriais veported in this eection have been
used in oxygen regulators 2% valves or diaphragns contrelling
the flow of gre from cyliudera at high prassures, irto the
supply lines at low pressure. The frequen-y of firos in oxygen
regulators is certalnly very low, bu.i because the nw ber of
regulators in uee is large a number of fires or!ginating in
regulatora hove ocurred. Whiie 1t has not be : possidle to
trace with any cei ainty the exact couse of these ircidents i3
seems beyond doudt that a amell po:*ion of inflammable material
{nside the regulator has been raised to its ignition temperature;
tho rosults preseated in this section indicate that the ignition
temperature for many regulator mnterials is of the order of 15000
. oxygen at 100 aimospheres.

The more resistant materinls in thils claes were the
GACO sheets, grey hora fibre sheots and the ehonite obtaoined from
the Indiarubber Gutta Percha Company, the 'pot' and high preeairo
ignition tenpe-tures of the othor materials wore low.

The 'pot! ignition tumperature of groy horn fibre was
relatively low at 330”0 vet all tho groy fibres ecxnminod in oxygon
at 100 atmospherea had 1gnition temperatures ebove 2200C, This
matarial is the only ons examined which has an ignition temperature
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in high preseuire oxygan ococnsiderably higher than would be expeoted
from 1ts !'pot! ignition temperature.

J. X, Mabrs examined the dehaviour of u large number of
rogulator aseat muterials in high preseure oxygon. His work 1s
presented fully in "Report to the Oxygun Regulator Rnauarnsh
Oommittee of tho Oumpressed Gau Vanufacturers Association on the
Investigation of Oxygen Eogulator Scat Materiale® dated
Fovembor 15th 1923, Unfortunately he did not tird the exact
ignition temperat ure in high preesure oxygen, but heat ed samples
to 1009, 200¢ and 300°0 to determine to the nearest 100° the
temperature at which the materlal was oconsumed. It i8 not possible,
therefore, Lo compare the results obtained by Mubbs at high
pressure with those presented in this report, but he 414 detemmine
a fev ignition temperatures in a flow of oxygen at 1 aimosphere.

In the case of hard rubber Mabba fouad the 3gnition temporature

to by in the range of 340 ~ 415°0; the avernge ignition temperaturs
of nine samples was 38400, The most interesting foature of Mabbs!
work s that be demonstrated that, with the excoption of the motale
and animal ivory in block form, all the materiale ho tested could
Yo fired by adiabatio compreseicn of oxygen to about 2" p.s,d.
Materials ignited in this manrer included ocasein compounds, fibdres,
bakelite impregnated muterials, hird rutber, vegatable ivory sad
oelluloid,

Tuo fcllowing conclumions are taken frcm Mabdbbs! reporti-

"The investigation has shown that all practicable seat matorials
for oxygon prossurg regulators are combustidlo under conditions
vhich may occur ocoasionslly in survice, The two interdependent
causes for ignition of the seat aret-

1l -~ Heat goenerated bty the wudden compression of oxygen or
alr in tho high pressure inlet tube of a rogulator,

2 - Bmall soparated or protruding fibres of the material
on the surface of the soat oxposod to tho high prossure

gas,

The 1dcal solution for the elim'naticn of this fire and
explosion hasard would be & metal socat; but up to the present,
however, no alloy has bdeen formulated whick has the desirabdle
seating oharaoteristice of hard rubber, The efforte of
regulator manufaoturers should be concentrated upon the
development of & satisfactory motal soat."

Bome of the materials inoludod in Class III of thie report, e.g.
toflon and polyvinyl-alcohol phosphorylated with POOlS. have very
much higher ignition temperatures than the materials - tested dy
Nobbs, and it 1e likely that valvas seats made from these matericls
will bde ae safe to ume in high pressurs .uxygen, as meétRl seats.
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OLABS V — METALS AND ALLOYS.

The following metals all eupplied by the Ministry of
Bupply were exanined!-

Dural,

Magneciuvm Alloy,
Magneeium Powder,
Oopper Turnings,
Brues Turnings,

Mila Steel Turninge,

None of the metala exunined in high pressure oxygen lgnited.

In most oxporiments the camples wure welghed before and after the
oxpor iments, but es will be seen from Tadble 43, changes in welght
wore negligible.

TABLE 43.
Temperature | Oxygen
Netal, at end of Preasure Woight in grams.
oexperiment
00 rts. Bofors After
Dural 450 50 0.075 0.075
459 100 0.0853 | 0.0850
400 175 0,0843 | 0.0839
300 250 0.0755 0,0752
300 250 0.0733 { 0,0730
Magnesatum Alloy 420 175 - -
390 250 0.0348 | 0.0348
Magnseium Powder 360 100 - -
Coppor Turnings 300 250 0.0961 0.0981 |
Brags Turningze 150 250 - -
300 250 0.0411 0.0401
Mild Steel Turninge 300 250 0.0550 0.0549
300 250 0.0455 0.0455

Bpecial expcrinunte were carriod out with nagnesiun alloy.
oild steol turningu and with copper turnings, dbout .05 gn. of
oach of th: moetuls wue placcd in tho sample boat tc which wus added
a s7all amount of alrcraft lutricating oll supplied by the Ministry
of Supply and reported in Class f, The welghts of motal and oil
wers oarefully determined, Tho boat was placed in the high
pressure bomd in the normal manner and ignition temperaturea dotermined
in oxygen at 250 nt.ospheres. In all cnses 1galtion ccourred at
a tenperature corresponding to the normal ignitlon tenmperature of the
oil, Txanination of the residue showed that the oll wae completely
coneuned and the metal oxidised. The welght of the residus was
deterninod. The fellowling raesults for copper turnings are typlealtl-

Woight cf coppoer turrirgs C.Ch09 gas,

t

Weizht of ludricatling oil -~ 0.0255 "
Wolght of rosiduo -  C.C7 "
Ignition Temporature - 211°¢

Tro incruassc Yn woleht of the coppor was bigger tharn that reguired
to convert all tho coprar to CupO. Tho rysiduo cereleted of
black copper oxtdu with a emell portlon of unoxidlecd cenpor,
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Glapes ¥ - DIGOUSSION.

Under the ccnd’!tlons used in thess experiments node
of the nmetals ignited whan heated alone in oxygen, nor wero
thay cxidised appreciodly, If small quantities of alroraft
lubricating oil wore includedwth t}: motale $he ignition of
$he oll occurred noimally aad raised the temparature sufficiontly
@n ignite the motal, N,D.Bersey in his papur entitled
"The 8tudy of Oxygen-0i1 Xxplosion Hazard" 1924, reports the
ignitioa temperatures of copper, brass and iron in high pressure
oxygen. In all cases increasss in presaure up to 100 atmeapheres
onuszi progressive reduction of the ignition tamperatures,
Inorsises in pressure above about 100 atmospherse caused no
further reduction below §25°0 of tho igniilom ‘empsrature of
oopper, The iznition temperafure of brass, at pressures adove
50 atmospheras wss alightly less than that of coppers The
ignition temperature of iron falle approximately linsarly with
pressire frum about 935° at 1 atmospaere to 600° at adout
150 aimoapheres pressure. Hersey recommonds that copper or
brass do usod in preferonce to iron in tho coms tiuction of gae
manifolds used in high prezsure oxygen oystems,
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CENERAL : IS USSION

“he objectiva of the work descrited in thie report was
the dotermination of the ignition temperatures of selected
mateorivls in oxygen at pressures up to 250 atmospheres ond to
study the influonce thereon of a number of varlshles. In the
five precoeding sectlons the results cbtalned have boon reported
fully and it 19 proposed to review those results bricfly.

Yono of the miterinls oxamined ignited spontancously
in oxygon ut pressuros up to 250 atmospheres. For ignition to
occur the samplis had tn be heatod to at lenst 100°0 and in
somo casvs (e,g. the motals, Toflon) thoy failod to ignito at
the highost pressurcs even 1f heated to 35000,

Increnses 1n presrs-re above atmospheric led to a marked
reduction in ignition temperature for practically all materials
excopt those in Olase 1 (lubricanty and throad ocenling compounds)
tho ignition temporaturee of which were relatively unaffected by
pressure changes in tho range 50 -~ 250 atmospheres. A number
of mterials, e.g. Tufnol, reein bonded fabrie, polyvinyl chloride,
nooprens, hycar and I.C.I, standard rubber showed o progrosolve
fall in ignition tempsruture as the pressure was increased to
250 atmospheres. Wit) most other materiols except those in
Class 1 the reduction wns appreciable in the prossurs range up
to 100 atmospheres but increases in pressure above 100 atmospheres
had a much smaller effect,

With the few vxceptions dlscuseed in the report the
effect on 1gnition tomporature of variables other than pressure
was not proncunced.

The reproduclbllity 2f the reoulte for different
materiale under given conditions varied considerably. The
standard deviationa of the indlvidual rosults from the mean
wore genorally betwoon 109 and 300, but in a few caseo wore ae
much as 50°C. Although average results have boen usod freely
in this report, it may well be that the lowest lgnltion temperature
recorded for any given materlal is of greuter significance in
nosessing the ignition hazard; in many cases tne individual
results have thercfore been quoted. Reproducibility of results
obtained by the 'pet' tect was good and 'pot! ignition temperatures
were determined with most materiamls to within 5°. The 'pot!
temperature gave a good qualitative indication of tho ignition
tomporature in high prossure oxygen.

As nono of tho materiale exomined ignited spontuneously
in oxygen except when heated to a fairly high temperature, 1t is
necessary in considering the ignition hazard that may arise in
high pressure oxygen systoms to understond how the temperature
can be ralsed cufficlantly inslde a closealsystem for the loast
registant material pr-ient to attaln its ignition temperatura,

In euch systemo under dynanic conditliona the pressure of the gas
falls as the gnc pruses along the system, The frue energy of

all gnses falls with pressure and in certaln clrcumstances thie
decreaso in freo onergy can be convertod by ono or more steps

into hcat, For example 1f gos from a cylinder at high pressure

i8 allowed to po:s into a closed vessel at a lower pressure the

gos entering the vosscl compresses the gas initially preeeat in

the vessel. The compressed gas 1o warmed at the expense of “he
free energy of the expanding gus. Yormally the heat of compresaion
10 dlssipated rapidly without any material increase In the
temperature of any part of thoe system bu. if tho crlinder ls

oponed suddenly the compression of the gas at the lower pressure

is substantially adiadatic and may result in a considerabdble
incrense 1in temperature. Although this incroase in tenperature

ia tronclent and tho quontity of heat generated 1s small, adiadbatle
compression miy chuso tho temperature of a sm2ll part of the system
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to be raic:d to the level at which {mmition occure,  Apart
from adindatic compreesion, the free energy of the high
prossure gas mny nluo be converted into heat {(u) by friction
in riirrow channels in which the gne movas at high veloclty
relatively to 1ts surroundings, (b) dy causing a part of the
system tc vilrate at high frequency or (c) by electrostatic
ddschargce. It 18 not ensy tu estimate the temperaturs that
can be atiained sxcept in the case of adlabatlc compreesicn

in which the maximuz temperature can be calculated readily
from thu thermodynnmic propertics of the gas. For example

if oxygea ut room temparature s conmpressed adlabatlcally so that
its preseurs 1o ircresced ten times the temperature of the gas
will exceed 40C°C,

The possibiiity of fires in high pressure oxygen s/stens
would be largoly aveoided *y measures that would prevent
conversion of the free energy of the compreessed gas into hoat,
If this could be achlaved irn the design of oquipment then the
1guition characteristics of the materials that come into contact
with the oxygen would de of sccondary importanco. Until thie
fdeal is reachod, safety in the uee of high pressurs oxygin will
depend not only on the sslection of oetsrials with a high
ignition temperature, but on careful attention to the design of
the apparatus, and up'n the observance of a number of elemontary
but ossential precautions, As the starting-point of combustion
will clearly be determined by the material of lowest ignition
temperature witlch happeng to be present, 1t is important to
exclude carefully all traces of orgunic dust and oll. Partioles
of Aust end fidbre introduce a special hasard in connection
with the tempereture rise which cccurs on adiadatic compression
in a closed tudbe, In this case the rise in tomperature of ths
gas may be coneiderablo, but its heat capacity is small. The
gas is herofore unndln to ralso appreciably the temperature
of any massive body with walch it 4s in contact, and its hsat
1s repidiy Jlasijated. 4 szall gamicle of fit.w i the gas
stream, however, can be ranised to a temperature approachi-g that
of the gas, and can therefore readily de ignited, VYhen thie
occurs it will cause the ignition of any othsr inflammble
material in its vicinity,

The work descriled in this rgort does not provide a
baeis for choice of matarials for use in high pressure oxygen
without regard to the circumstacces of use, Tut 1t ls hoped
that it will serve as 8 useful gulde for tne deleotion of the
boat materiale for a porticular duty, and the range of conditions
under which they can s safoly used.
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APPENTIX 1.

FIRZ IN HIGH PRUSSURE 30MB.

Tho incident described in this Appendix occurred
during experiment No,201 in which the 1gnition temperature of
0.1 gm. of aircraft lubricating oll was belng determined according
to the method described 1n the Roeport, Tka exporiment was
carriod out in oxygen at a pressure of 250 atmospheres and the
gne was flowlng through the apparatus at the rate of 2 li;res/minute.

Daacription of Incldent!

About 30 seconds after the start of the experiment a
fallure occurred in the heating system caused by a short circuit;
the fuses were blown and the ammeter and voltmeter readings fell
t> zero, A few seconds later there was a very loud report
accompanied by a sudden releanse of preseure from the bomb, After
dlesmaniling the apparatus it +~s found that tho tufnol washers,
part of the copper connector ..nd most of the steel gland had been
burnt away. The nelghbouring glend had been scorched and the
high pressure lire fooding oxygen to the bomb was split, Figurs IA
shows in detall the arrangement of the eloctrical lead into the
bomd before and after the incldent, The photographs i}lustrate
the damage caused to the various parts. The damago caused to the
steinlees stcel gland was particularly sovere and the incident
confirms that normally "safc' materials llke stainless stesl can
be mude to i1gnite in high pressure oxygen,

Probvadle Explunation of the Fire:

It 10 cortaln that the incident descrided adove was
initiated by a short circuit between the elestrical lead and the
e b, It 18 belleved that o spark caused by the short circuit
ignited the tufnol washer on the innor silde of the copper connector,
Combustion was at first relatively slow 28 the products of combustion
had no means of escape. Eventually the second tufnol washer on
the other side of the coppor connector was ignited and when this was
partially lLurned the producte of combustion were swept away into
the atmosvherec by a flow of clean high pressure gqxygen. The
remaining tufnol washer then began to burn vigorously and in the
atmosphere of high pressure oxygen a temperature wes reached which
caused the steel to melil and dburn,

Steps taken to avold recurrences

The tufnol washers were replaced by similar washers made
in teflon {poly-totrafiuvoroethylene) the ignition characterlatios
of which are describded in tho main Report.

The cnds of the coppor connector weroc extended sc that
if a break occurred tho lead would not come into contaat with
tho bomd near the washars,

The steps taken to aveid & similar incldent were quite
satisfactory and no further trouble with the electrical lead
was experlsnced in the 2000 subsequent experiments,
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ACYRRDIX 11,

EXPLOSION IN EXIT TUEE YRON BOMY,

™e incident described 1ln tania Anpendix occurred during
experiment Mo,1151 in which the ignition tumparatire of 0.1 pm.
of silicone greass D.C.41 was belrg deteimined in oxygen at a
praossure of 250 atzosphe~es flowing at i rate of 2 iitres/minutas,

Descripticn of Incident!

Abrut four minutes after the commencement of ths
experiment when tha temperaturs recordar was ruegistering a
temperature cof 331%0 a violent axplosion occurred and the preseure
in the syetem fell immediatasly to atmospheric. On inspection
it was dund that the copper exit tube (#" 0.0, x 1/i6® 1,D.)
conducting gae sway from the bomb hed burst :in a numbar of places.
Most of che tursts were spaced at atcut 1" apart and all oecurrad
in the firet 42" of the exit tube, The damage to the coppsr

prersure tube le shown quite clearly in the accompanying photograph.

The boat soatalning the samplo and tle thermocouple and
ita glass sieath weve intact, dbut the !gniticn tube wae cracked
al one end.

Probodle Explanntion of the Explosion?

Rot gusas leaving the bomd psss tc wasie through the
coppsr preseure iudbe whlch is; for most of i%s langth, at the
anbient temperature. Before sny sample reachas the ignition
temperature fuming generslly oocurs giviag ries to vnlatilse
decompostion products which are carried forwsrd frem tho
react’~n ~ e snd may be condensed Iin tne exit line, In thie
particuls ;atance 1t is delievad that ignition comonsnced in the
normel manner inside thes bombt tut the reaction tube and part cf
tho exit tube nsar the - -3t ecatained en caplosivemixture which
ved 2gn'ted follewing the igriticn of the main samplo in the dbomb,
The explosion ir the copper wvuuw was irtensifiod by the presence
of combustibie deccomposition products which rasulted in the
coppar tudbe bursting in several plsces.

8tepa taken to evold recuirence!

After thie incident *%s exit itube was raplaced and
cleanad with triclorethylene after every 100 oxperiments,

MG/JLA,
~Na s
Cibs o JWs
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