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RESEARCHMEMXWNDUM

EJmmNEousFLAMMABILITYOFI’ENTABOR/W3AND

PENTAB- - 3-MET13YWmANE

ByEd~,rardA.Fletcher

L STJMMARY

BLENDS

A studyhasbeenmadeofthespontaneousftibility ofpentaborane
andpentaborane- 3-methylpentaneblends.Thebehaviorofthesesub-
stancesinairinboththeliquidandvaporstateswasstudied..

Stoichiometricpentaboranevapor- airmixturesarenotsponta-
neouslyflam@bleattemperaturesupto 100°C, butthepresenceof
liqtidpentaboranewi3J_resultinignitionatmuchlowertemperatures.
Liquidpentaboranecanreactwithairandprobablythusraiseitselfto
tti-kin-~ingtemperature.

Dilutionofliqtidpentaborane
tendencytoignitespontaneously.

with3-methylpentanereducesthe

INTRODUCTION

Interestin-theuseofpentaboraneandpentaborane-hydrocarbonblends
asaircraftfuelhasresultedin a needforinformationabouttheflamma-
bilityofthesefuelsandthebehaviorwhichboththeliquidsandvapors
mightbe expectedto exhibiton contactwithairduringvariousoperations
involvingtheixuse. %me obsenationsarereportedhereinthatwere
madeinthecourseofhandlingpentaboraneattheNACALewis laboratory,
astheseobservationsme relatbdto thehazardsinvolved,anda number
ofexperimentsaredescribedthatweremadeto determinethoseconditions
underwhichpentaboranemightbe expectedto ignitespontaneouslyand
thoseunderwhichitmightbe ssfelyhandledinexperimentalwork.

AvailAbleinformationontheSU3~ectissomewhatcontradictory.
Reference1 statesthatpentaboraneisnotspontaneouslyflammable.
Theauthorsofreference2 observedinitiallythatpentaboranewasnot
spontaneouslyfIammableinair. Theydescribeanaccidentinwhicha
glassvial-containing2 gramsoftheliquidwasbrokenanditscontents
spilledontoa laboratorybench;althoughthepentaboraneevaporated
rapidly,therewasnoflame.Nordidflameresultwhenairwasadmitted
intoanevacuatedvesselcontainingfrozenpentaboranewhichwasthen
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alhwedto evaporateslowly.Underotherconditions,however,whenpenta-
boranewasallowedto evaporaterapidlyintoah, orwhenafiwasrapidly
admittedintoa bulbcontaining~entaboranevayor,orwhena mixtureof
pentaboranewtthairwasa120wedto expandintoa warmevacuatedbulb,
flamesresulted.Thatthisbehaviormightbe dueto thepresenceofim-
puritieswasinvestigatedandfoundtobe unlikely.

Reference3 reportsthatpentaborane-airmixburescouldnotbe‘&’e-
paredovera verywiderangeofcompositions,inasmuchastheywere
spontaneouslyflammable.

Inviewoftheseappsxentcontradictions,a qualitativeinvesti-
gateionwasmadeofthebehaviorofbothpentaboraneliquidandvapor
inairat varioustemperatures,andofpentaboraneblendswith3-
methylpentane.3-Methylpentanewaschosenbecauseitsvaporpressure
overa widerangeoftemperaturesis closetothatofpeptaborane.
Includedarethepreparationandheatingof stoichiometricmkhiresof
pentaboranewithairatatmosphericpressure,sprayingofpentaborane
intoair,theimpingementofpentaboraneandpentaborane- 3-met~ylpentane
mixturesagainsta heatedsurface,andthedeterminantionofthespenta-
neousignitiontemperaturesofpentaboraneandvariouspentaborane-
3-methylpentanemixtures.Thepossibilityy of spontaneousinflammation
resultingfrom10 ctiiccentimetersyillsoftheliquidwasalsoin-
vestigated.

FROCEDUREANDRESULTS

ConditionsUMer WhichPentaboraneDidNotIgnite

Preparationof stoichiometricmixtures.- No ignitionresultedwhen
smallamountsofpentaboranewereadmittedtoairatroomtemperatureor
below.Thus,itwaspossibletopreparestoich.iometricpentaborane-air
mixturesintwoways:

1.ThefirstmethodisessentiallythatofSchlesinger(ref.2).
A 200cubiccentheterround-bottomflaskwassealedoffattheneckand
equippedwitha stopcockandjointforattachmentto a conventional
vacuumline.Thisservedasthevesselforpreparationandstudyofthe
fuel-airmixtures.Pentaboranewasadmittedtotheflaskto a pressure
of 27m5JMmetersandthenfrozenoutinthebottomby immersionina
liquidnitrogenbath. Thenitrogenbathwasthenraiseduntiltheentire
flaskwasimmersedandatiwasadmittedto a pressureof182millimeters.
Thestopcockwasthenclosed,andthebti placedintoa 4-literbeaker
whichwasto serveasa waterbathandallowedtowarmtoroomtempera-
ture.Thetotalpressureinthebulbatroomtemperaturewasapproxi-
mately740millimeters(atmospheric).
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2.Thesecondmethodof

3

we’Parationmadeuseoftheapparatusshown
infigure1. Pent~oranewas-injectedintothe241cfiic~entimeterlniUJ
by pullingthethinbreakingwiretobreakofftheendofthecapsule.
Thecapsuleswerepressurizedby sealingthemoffwhilethepentaborane
wasfrozenandthecapsulefilJ_edto 1 atmospherewithnitrogen.On
stiseqwntwarmingtoroomtemperaturethetotalpressurewasgeater
than1 atmosphereby thevaporpressureofpentaborane.Afterthecap-
sulehadbeenbroken,thebreakingwirecouldbe removedandthestop-
cockclosed.Thecondensablecontentsofthebulbcouldbe recoveredby
attachingthebulbto a vacuumlinethroughthestandardtaperjointand
PWpiW itotithroughliquidnitrogencooledtraps.

.,
Observationsmadeduringthecourseofpreparingstoichiometric

pentaborane-airmixtures.-

1.No ig&ltionresuitedwhensufficientpentaboranetoforma
stoichiometricmixturewasqticklysprayedintoairina 241ctiiccenti-
meterbulb.

2.No ignitionresultedwhensufficientpentaboraneto forma
stoichiometricmixturewasallowedto evaporateintoa closedbulbcon-
tainingairexceptundera specialcondition.Ignitiondidoccurwhen
Trarm waterwassprayedagaintthebulbinaneffortto speedup evapora-
tion. In otherexperiments,ignitiondidnotoccur,buttherewasa
slightamountofoxideformationintheregionofthebulbwherethe
liquidpentaboranehadbeen. Theamountofoxidewasgreaterwhenwarm-
ingwasslower,thatis,whentheresidencetimeoftheliquidwaslonge~.

3.Whenthepentaboranewasdilutedto 50percentwith3-methylpentane,
therewastnoevidenceofanyreactioneventhoughthemixturewasheated

to 85°C overa 2&hourperiodandthenallowedto standatroomtemper-

aturefor2 days.

4.Stoichiometricmixturescouldbe heatedashighas 100°C (the

highesttemperatureused)forperiodsofabout2~hourswithoutvisible

evidenceforreaction.However,brushingthebulbswitha bunsenburner
or sparkingthemixtureresultedin violentexplosionswhicheitherblew
outthestoweror completelyshatteredthebulb.

5. 97Percentofthepentaboranewasrecoveredunchangedandidenti-
fiedby itsvaporpressurefroma stoiehiometricmixturewhichhadbeen
prepsredby the
for15minutes.

secondmethodandallowedto standatroomtemperature

\

-.
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ConditionsUnderWhichPentaboraneIgnited

1.Ignitionoccurredwhenairwasrapidlyadmittedto

WARM E53117
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a 250ctiic
centimeterbulbcontainingpentaboranevaporat 29millimeters.Thein-
sideofthebulbwascompletelycoveredwitha brown-whiteash.

2.Ignitionoccurredwhenanunpressurizedinjectioncapsulecon-
tainingliquidpentaboraneatroomtemperaturewassuddenlybrokento
allowairtorushinontopoftheliquid.

3.Impingementofliqtidspraysofpentaboraneandblendsofpenta-
g

boranewith3-methylpentaneagainstheatedsurfacesfrequentlyresulted
in ignition.Thefuelswereejectedfromcapsulessimilartothose
showninfigurelby shearingoffthetipswitha 15-centimeterlengbh
of8-millimeterpyrextubingthroughwhichwarmwateror steamwasbeing
circulated.The8-millimetertubingthusservedbothasa tubebreaker
anda heatedsurfaceforimpingementoftheliquidfuel.Thefuelcom-
ponentsweremeasuredandmixedinthevaporphaseandthecapsuleswere
pressurizedasbeforewithnitrogen.Theamountoffuelvariedfrom
about0.03to 0.05chic centimeterpercapsule.Theresultsof 24runs
inwhichthefuelcompositionwasvariedfrom100percentto 70percent
pentaboraneandthewatertemperatureveriedfrom25°to 100°C aregiven
infigure2. Thesepointsindicatethatthereisa rathershsrpdistinc-
tionbetweenthetemperature-compositionregionswhichresultin sponta-
neousignitionandthosewhichdonot. Itisalsonoteworthythatwhile
100percentpentaboraneignitedatabout470 C,additionof about20per-
cent3-methylpentaneraisedthespontaneous-ignitiontemperatureto above
100°C forthistypeofexperiment.

4.In orderthattherelativeflammabilityofpentaborane- 3-
methylpentaneblendsmightbe compsredwiththatofthewidevarietyof
fuelsofreference4,spontaneous-ignitiontemperaturesweredetermined
intheappsratusthereindescribed.Itconsistedessentiallyofa
125ctiiccenthneterErlenmeyerflaskopentotheatmosphereenclosedin
anelectricallyheatedInconelblock.Temperaturewasmeasuredwithan
iron-constantanthermocoupleinsertedintheblockabout1/4inchbelow
theflask.About20minuteswasallowedforthermalequilibriatobe
establishedbeforeeachoftheinjectionsanda steadytemperaturewas
ensuredby thehighheatcapacityoftheblock.Approximately0.05cubic
centimeterfuelsampleswereinjecteddirectlyintotheflaskusingcap-
suleslikethosedescribedabove.Determinationsweremadewithpenta-
boraneconcentrationsvaryingbetween50and100percentby weight.A
cleanflaskwasusedforeachpoint.Ignitionalwaysoccurredwithin
about2 secondsornotatsll. Theresultsofthesedeterminationsare
plottedinfigure3. Ofthe11 injectionsofpureperitaboranemadebe-
tween41.5°C and56.7°C, 5 ignitedand6 didnot. Thepointshownfor
O percentpentaboranewastakenfromreference4. Thedashedcurveisa
superimpositionofthecurvetakenfromfigure2. A comparisonofthese
twocurvesshowsthatthevaluesobtainedoverthelimitedrangecovered
byboththesemethodssreqtitesimilar.

-~
.——.
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5.Inanefforttounderstandth~ignitionsometimesobservedfor
. lsrgespillsofpentaborane,10 cubiccentimetersamplesofliquidpenta-

boranewereqqyirtedintoanevaporatingdishandintoa 30ctiiccenti-
metertesttribeat 27°C. Itwasoriginallyanticipatedthattheignition
processmightbe quitesloworevennottakeplaceatall,andthatonly
relativelycrude,slowinstrumentationwouldbe requiredtofollowthe

: reaction.Theinstrumentationusedthereforeconsistedonlyofa pati
w oftion-constantanthermocouplesimmersedintheliquid,onejustbelow

thesurfaceandtheotherasdeepaswaspossibleintheparticular
vesselbeingused;theoutputsoftheth&mocouplesweremeasuredby
mil.livoltmeters.Theoperationwasveryroughlytimedwitha photographic
timer.Motionpicturesat 24framespersecondweretakenoftheentire
setupincludingtheinjectionvessel,miJJ_ivoltmeters,andtimer.The
pentaboraneburstintoflameinbothcases.Figure4 istakenfromthe
motionpicturesofbothruns. It showstheapparatusnesrthebegin-
ningoftheinjectionand‘thefirstfrsmeinwhichflameappearsineach
run. It canbe seenthattherewasa~roximatelya l-secondinduction
periodintheevaporatingdishanda 2-secondinductionperiodinthe
testttie.Thematerialintheevaporatingdishwascompletelyconsumed.
Thematerialinthetestttiestoppedburtingafterabouthalfofthe

. liqtidhadbeenconsmed.Whenthetesttnibewassmashedandthe~enta-
boraneWowed tofall.ontheground,itagainburstintoflame..

DISCUSSION

Theobservationsmadeinthisstudyindicatethat,whilegaseous
pentaborane-airmixtureshavinglowequivalenceratiossrenotverylikely
to ignitespontaneouslybelow100°C, liquidpentaboranecanigniteinair
atrelativelylowtemperatures.Furthermore,liquidpentaboranecanprob-
ablyreactwithairandmaythusraiseitselftothekindlingtemperature
quiterapidly.Inthisrespectpentaboraneismuchmorehazardousthan
othereasilyignitiblesubstancessuchascarbondisulfide.Thiswaain-
dicatedintheexperimentsconcernedwithpreparingstoichiometricmix-
tures.Oxideformationcouldbeobsenedonlyinthoseregionsofthe
flaskwhichhadbeenincontactwithliquid;theextentofoxideformation
wasgreaterinthatcasewherethebulbwasallowedtowarmupvery,slowly
andliquidpentaboranewaspresumzibl.yincontactwithairfora longer
periodoftime.Whentheliquidpentaboranewaswarmedbysplashingthe
bulbwithwsrmwater,itignited,althoughsimilarbulbscontainingonly
vaporandah atequivalenceratiosof1 or lesscouldbeheatedashigh
as 100°C withoutignition.Whena sufficientquantityofliquidis
present,itwilligniteevenwithoutexternalheatingaswasdemonstrated
inthe10cubiccentimeterspillexperiments.Thatpentaboranevaporat
27millimeterswasobservedto igniteuponintroductionofatmosphericair
isnotinconsistentwiththeconclusionsreachedabove,sincemixingis
probablynotimmediateandthereprobablyexistregionsin sucha bulb

. wherethemixtureisveryrichorwherethepsrtislpressureofthefuel
vaportendsto exceedthesaturationpressureandcondensationresults.

— . . —. .——————— ——___= . . —— —... —
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Theseconclusionsarealsoconsistentwiththeobservationsofthe
workerscitedintheintroductionto thisreport.Theyobservedigni- .
tionswhenairwasrapidJ.yadmittedtoflaskscontainingpentdboraneand
whena pentaborane-airmixturewassuddenlyallowedtoflowfromone
bulbintoanotherwarmevacuatedbulb. Thepostulatedreasonforigni-
tioninthefirstcasewasgiveninthepreviousparagraph.It isquite
conceivablethatignitonoccurredinthesecotidcasebecauseliquiddrop-
letsformedduringthesuddenexpansioninthefirstbulbwerecarried
overintothesecondwarmbulbwheretheybecamecentersofhighfuel
concentrateion.

Whenconditionsaresuchthattheli~id evaporatesandties with
excessairveryquicklywithoutwarmingup,thre isno ignition.mi: was
illustratedby thefactthatignitiondidnotresultwhensmallsmountsof
pentaboraneweresprayedintoairor atcoolsurfaces.

Dilutionof.pentaboranewithhydrocarbonraisesthespontaneousig-
nitiontemperature.

Althoughtheeffectsofmixturecompositionwerenotstudied,gaseous
pentaborane-airmixturesareprobablynotspontaneouslyfMmnableovera
fatil.ywiderangeof concentrations,inasmuchasno ignitionwasobserved
during-thevaporizationoftheliquidtoformstoichiometricmixtmes.
However,inviewofthefactt= manyoperationscanres~t incondensa-
tiontotheliquid,suchmixtmresshouldbe handledonlywithadequate
safetyprecautions.Thegreaterreactivityoftheliquidisby nomeans
uniqueinthecaseofpentaborane.Explosionsoffuel- liquido~gen
mixturesattemperaturesfarbelowtheconventional“ignitiontempera-
tures”havebeenobservedby manyworkers.Suchbehaviorhasalsobeen
observedwithdiborane.Thus,diboranedoes”notreacttithdryairor
oxygenatroomtemperature,buttheliquidkindleswhensuddenlybrought
intocontactwithairattemperaturesaslowas -120°C (ref.5).

1.
neously

2.

CONCLUSIONS

Stoichio&etricpentaboranevapor- airmixturesarenotsponta-
flammableattemperaturesupto 100°C. -

At least97percentofthepentaboranevaporcanbe recovered
froma stoichimetricmixtureunchangedafter15minutes.

3.Liquidpentaborane@311igniteinstantlyinairifsprayedagainst
a surfacewarmedto abOUt 45”C.

4.Liquidpentaboranewillreact
sufficientliqtidispresent,itwill_
ductionperiod.

withairatroom
burstintoflame

temperature.
aftera short

If
in-

.
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5.Dilutionofliquldpentaboranewith3-methylpentaneraisesthe
. spontaneousignitiontemperatureto about100°C for80percentpenta-

boraneandto about214°C for50percentpentaborane.

LewisFlightPropulsionGiboratory
NationalAdvisoryCommitteeforAeronatiics

Cleveland,Ohio,Septenber17,1953
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capsule

Stopcock

Figure1.- Apparatusforpreparationofpentaborane-airmixtures.
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Figure 2. - Spontaneousi@tionofliqu~Pentabmane-3-t~lPent=e
mixturesresultingfromimpingementon8-Imntubingthrcaghwhichwarm
waterwasbeingdrotilated.
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Figure3. - Spontaneous-ignitiontemperaturesof
pentaborane- 3-methylpentanemixturesinjeoted
~ a li~uia.
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(a)(llasae~aporatlngdish. (b) Test tube.

Figure 4. - Ignition of 10-oc samples of’pentalmranefollowinginJeotionIntoa glass
evaporatingdleh ad a test tube. Takenfrcmmotion ploturea at 24 frame per

seooti. Uppm pioturea show apparatua d%er SW of Weotion; lower piotures show
the first frmna in whioh flame appaera.
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