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Abstract:TheriskandthermalsafetycharacteristicsofGXkerosene,HXkeroseneandWXkerosenearestudied.Firstly,the
explosionlowerlimitsofthreekindsofkerosenesteamsaretestedbyusingtheself-madeexplosionlimitmeasuringsystem.
Thendifferentialscanningcalorimeter(DSC)isemployedtoperformlinearheatingexperimentonkerosenetoanalyzeits
thermaldecompositioncharacteristics.Thepyrolysiskineticparametersofthreekindsofkerosenearecalculatedbasedonthe
thermaldynamicmethods.TheexperimentalresultsshowthattheflashpointandlowerexplosionlimitofGXkeroseneare
relativelylow.TheDSCtestshowsthatthelowestinitialdecompositiontemperatureofHXkeroseneis116.5℃.Accordingto
pyrolysiskineticscalculation,theTD24andapparentactivationenergyofHXkerosenearetheminimum.ARCtestshowsthat
GXkerosenehastheworstthermalstabilityundertheadiabaticcondition.Thehightemperaturestabilitiesofthethreekindsof
keroseneallmeettherequirements.Onthewhole,GXkerosenehasthehighesthazard,andHXkerosenehasthelowest
thermalsafety.Theaccumulationofheatshouldbepreventedduringthestorageandtransportationofkerosene.Thisstudy
providesthecrucialsafetycharacteristicsdataofcoal-basedaerospacekerosene-based,andprovidestechnicalsupportforengine
reliabilitygrowthandperformanceimprovement.
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0 Introduction
 Thedevelopmentofspacetechnologyinthefuture
isfocusedontheliquidoxygenkeroseneengineand
heavylaunchvehicles,andthedemandforaerospace
keroseneasitsmainpropellantisincreasing[1-5].Ina
variety of propellants,liquid oxygen/kerosene
propellantwithadvantagesoflowcost,highdensity,
goodstorageperformance,environmentalprotection
andnon-toxic,hasbecomethefocusofresearchand
developmentinsomespacepowers[6-9].Inlarge
launchvehicles,rocketkeroseneaccountsfor70%to
90%ofthetakeoffweight.Therefore,thecostand
performanceofkeroseneareofgreatsignificanceto
launchvehicles[10].
 Keroseneisanessentialfuelforrocketpropulsion,
and high-energy/insensitivity is an important
directionforthefuturedevelopmentofenergetic
materials,sohigh-energykerosenehasbeenthe
focusofresearchinthefieldofaerospacepropulsion
fuel.Inthecomplexspacepropulsionsystem,fuelis

notonlythepowersourcebutalsotheprimary
hazardsource.Therefore,thesafetyoffuelhas
alwaysbeenofgreatconcern.Thevariationlawof
physicochemicalpropertiesofcoal-basedaerospace
keroseneandpetroleum-basedaerospacekerosene
blendedindifferentproportionsisstudied[11].By
blendingdifferentproportionsofthetwokerosenes
andmeasuringthecoreindexes,itisfoundthatthe
twokerosenescanbeblendedarbitrarilyandthe
various physicochemical properties meet the
requirements of use. The inhibitory effect of
perfluorohexanoneonthecombustionofaviation
keroseneisinvestigated,anditisfoundthatwiththe
increaseoftheconcentrationofperfluorohexanonein
theair,thecombustionflameofaviationkerosene
experiencesa slow increase and then a rapid
decrease[12].Itshowsthatthereisatransitionfrom
promotion to inhibition of the effect of
perfluorohexanone on kerosene combustion at
different concentrations. The vacuum specific
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impulse,pulseoperationperformanceandresponse
performance ofcoal-based high energy kerosene
enginearestudied[13].Theresultsshowthatthe
enginehasreliableignitionandstablecombustion
performancebyusingthecoal-basedhighenergy
kerosene.Thepulseoperationperformance,starting
andshutoffresponseperformancecouldsatisfythe
engineeringapplicationrequirements.Thevacuum
specificimpulseis7shigherthanthatofthebasic
rocketkeroseneengine.Theinfluenceofethanol
additiononthecombustionrateofRP-3aviation
kerosenepremixedflameisinvestigated[14].The
results indicate that the combustion rate of
ethanol/RP-3premixedflameincreaseswithethanol
addition.The effect ofinitialtemperature and
pressureonthelowerexplosionlimitofRP-3aviation
kerosenesteamisstudied[15].Itisfoundthatthe
lowerexplosionlimitdecreaseswithincreasinginitial
temperaturebutincreaseswiththeincreaseofinitial
pressure.
 Theoretically,thecompositionofcoal-basedspace
keroseneisdominatedbycycloalkanes,supplemented
byparaffin,andcontainsa minimalamountof
aromatichydrocarbons withverystablechemical
properties[16-20].Intermsofapplication,asnewhigh-
energykerosene,itssafetyassessmentshouldbe
stricterthanthatofconventionalfuels.Thedifferent
environmentswillhaveanimportantinfluenceonthe
flash point,thermalsensitivity and stability of
kerosene.Consideringtheoperatingconditionsof
keroseneandthegapsinthisresearchfieldinChina,
itisurgenttoconductresearchonimportantsafety
parameters of coal-based aviation kerosene.It
providesdatasupportforthesafetyevaluationof
coal-based aerospace keroseneandimprovesthe
essential safety of high-value rocket launch
platforms.Thispaperisorientedtotheapplication
environmentofrocketengineengineering,combined
withtheoperatingconditionsofkerosene.Thesafety
characteristicstestmethodinharshenvironmentsis
establishedthroughtheresearchontheriskand
thermalsafetyriskofcoal-basedaerospacekerosene.
Theobtainedsafetycharacteristicdataofcoal-based
aerospacekerosenecanprovideessentialreferences
for engine reliability growth and performance
improvement.

1 Experiment

1.1 Materials
 ThreetypicalaviationkerosenesamplesofGX

kerosene, HX kerosene and WX kerosene are
selected.Coal-based aerospace kerosenecontains
doublecycloalkanes,asmallnumberofmonocyclic
alkanesandtricycloalkanes,etc.Combiningthe
molecularformulaandcontentofeachcomponent,
theequivalentmolecularweightofthesampleis
about160-170.Thedensityofspacekeroseneis
about0.80g/cm3-0.85g/cm3.Duetothethermal
expansionofaerospacekerosene,itsdensitytendsto
decrease withtheincreaseintemperature.The
boilingpointrangesfrom150℃to280℃.

1.2 Experimentalsetupandmethod
1.2.1 Hazardousstudy ofcoal-based aerospace

kerosene
 Inthisstudy,basedonthreekindsofaviation
kerosenesamples,theirhazardousparameterssuch
asflashpoint,ignitionpointandlowerlimitofthe
explosionaremeasured.Thedetailedmeasurement
stepsandstandardsaredescribedasfollows.
 Theopencupflashpointandignitionpointof
aerospacekerosenearemeasuredaccordingtoGB/
T3536DeterminationofFlashPointandIgnition
PointofPetroleum ProductsClevelandOpenCup
Method. Using YP1001B-Ⅱ petroleum products
ignitionpointandignitionpointtester,theinner
diameterofthe Cleveland oilcupis (62.5±
0.5)mm,andthepowerofheatingtheelectric
furnaceis400 W.Thetestisconductedata
frequencyofscanningtwiceperminuteuntilthe
predeterminedtesttemperature,thentheopencup
flashpointandignitionpointaremeasured.The
closedcupflashpointismeasuredbyMiniflashFLP
closed cup flash point automatic tester. The
experimentisconductedtwicetotaketheaverage
value.
 Thelowerexplosionlimittestdeviceisshownin
Fig.1,mainlycomposedofashocktube,ignition
device,vacuum pump,pressure gauge,heating
device,ballvalve,dataacquisitionsystem,etc.The
mainpartofthedeviceisastainlesssteelshocktube
equipped with a pressuresensorand a K-type
thermocouple.Theshocktubeisevenlywrapped
withacircleoftheheatingbelt,theouterlayerof
insulationasbestos,andwrappedwithinsulationtape
toensurethatthetemperatureinsidetheshocktube
ismaintainedat120℃,enablingthekeroseneadded
intothetubetoevaporateintokerosenesteam.Then
differentamountsofkeroseneareaddedtotheshock
tubethroughthefeedingportwithasyringeand
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waitedfor15mintoensurethatthekeroseneinthe
tubeisvaporizedentirelyintokerosenesteam,filling
the wholetube uniformly.Finally,thecritical
concentration of kerosene steam explosion is
measuredbyignitingkerosenesteamwithdifferent
volumefractionsusingthechemicalignitionhead.

Fig.1 Explosionlimittestdevice

1.2.2 Thermalsafetyrisksofcoal-basedaerospace
kerosene

 Theheatflow differentialscanningcalorimeter
(DSC-1)producedbyMETTLERTOLEDOisused
fortheDSCtest,withacalorimetricsensitivityof
0.04mW,atesttemperaturerangeof-35℃to
500℃,andaheatflowrangeof±350mW.The
testsampletankisadisposableperforatedcrucible,
theatmosphereishigh-puritynitrogen,andthe
heatingrateincludeds2℃/min,4℃/min,8℃/min
and10℃/min,withatemperaturerangeof30℃to
500℃.

Fig.2 ARCexperimentaldevice

 Thethermal decomposition characteristics of
keroseneunderadiabaticconditionsarestudiedby
using an accelerating rate calorimeter (ARC)
manufacturedbyTHT UKtoobtainthelaw of
kerosenepressureandtemperaturevariation with
time.Thekineticparametersofkerosenethermal
analysisunderadiabaticconditionsareobtainedby
processingARCtestresults.Thetestmodelfor
kerosenesamplesisheat-wait-search,thedetection
sensitivityis0.02℃/min,thedetectiontemperature

rangeis30℃-400℃,thetemperaturerisestepis
5℃,andthewaitingtimeis10 min.Thetest
samplespheresareTiwithamassof6.113g-
6.792g.Theinjectionmassofeachkindofkerosene
is2.00g.Fig.2showstheARCtestdevice.

2 Resultsanddiscussion
2.1 Hazardousstudyofcoal-basedaerospace

kerosene
 Theflashpointisthelowesttemperatureatwhich
aliquidisvaporizedandignitedbyaspecificignition
sourceundercertainconditions.Itissignificantfor
producing, storing, transporting, and using
combustibleandflammableliquids[21-23].Thelower
theflashpoint,thegreatertheriskoffireand
explosion,soitisanimportantindexofthesafetyof
liquidpropellants.Theignitionpointreferstothe
minimumtemperaturerequiredtoapplyanexternal
heatsourcetocausethesurfaceofasubstanceto
igniteandburncontinuouslyforacertainperiod
underspecifiedtestconditions[24].Therefore,the
lowertheignitionpointofkerosene,themorelikely
fireaccidentswilloccur.Experimentalmeasurement
resultsareshowninFig.3.

Fig.3 Keroseneflashpointandignitionpoint

 Theresultsshowthattheopencupflashpointof
GXkeroseneis43℃,theclosedcupflashpointis
37℃,and the ignition point is 53℃. HX
kerosene’sopencupflashpointis91℃,theclosed
cupflashpointis75℃,andtheignitionpointis
101℃.TheflashpointofWXkeroseneis73.5℃in
theopencup,66.3℃intheclosedcup,and87℃in
theignitionpoint.Fromtheflashpointandignition
pointanalysis,itcanbeseenthatGXkeroseneisthe
mostdangerous,followedbyWXkerosene,andHX
keroseneistheleastdangerous.Intheprocessof
transportationandstorage,specialattentionshould
bepaidtothesafetyofGXkerosene,whoseflash
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pointislessthan60℃,whichisflammable.
 Thelowerexplosionlimitcharacteristiciscrucial
forthesafetyofkerosenesteam.Thelowerthe
explosionlimitofkerosenesteam,themorechances
ofitsexplosion,indicatingthatthegreaterthe
danger,andaslightleakageofkerosenesteamcould
causeanexplosion.Theexperimentalresultsare
showninFig.4.

Fig.4 Lowerlimitofkeroseneexplosion

 AsseeninFig.4,thelowerexplosionlimitofGX
kerosene,HXkeroseneandWXkerosenesteamare
1.81%,3.74%and3.93%,respectively.Thelower
explosionlimitofGXkeroseneisthelowestamong
thethreekindsofkerosene,whileHXkeroseneand
WXkerosenehavesimilarexplosionlowerlimits.It
indicatesthatGXkeroseneisoneofthethreewitha
slightlywiderexplosionlimitandahigherpossibility
ofexplosion.

2.2 Pyrolysiskineticsofcoal-basedaerospace
kerosene

 Fuel’s heat transfer, safety and storage
performanceareaffectedbythermalstability.DSCis

usedtostudytheheatabsorptionandexothermic
effectofthreekindsofkerosenewithtemperature
changetoobtainthethermalstabilityofthreekinds
of kerosene. The experimental data ofinitial
decomposition temperature and heat release at
differentheatingratesareobtained.Thekinetic
parametersofthreekerosenesamples,includingpre-
exponentialfactorandexpressionactivationenergy,
are calculated by DSC curves under different
temperatureriserates.Inthispaper,theFriedman
methodinAKTSsoftwareisusedtocalculatethe
kineticsofrelatedmaterials,andtheTMRadandTD24

ofthreekindsofkerosenearepredictedonthebasis.
2.2.1 DSCdataanalysis
 Thetestresultsofthreekerosenesamplesat
differenttemperatureriseratesaresummarizedin
Fig.5,andthedynamicscanningresultsareshownin
Table1.

Table1 Dynamicscanningresults
(a)GXkerosene

Temperature
riserate/
(℃·min-1)

Sample
quality/
mg

Peak1 Peak2

Starting
temperature/

℃

Heat
release/
(J·g-1)

Starting
temperature/

℃

Heat
release/
(J·g-1)

4 1.37 177.95 330 386.33 1115

8 1.42 222.90 350 386.90 1075

10 1.41 180.23 351 392.24 1194

(b)HXkerosene

Temperaturerise
rate/(℃·min-1)

Sample
quality/mg

Peak1

Starting
temperature/℃

Heat
release/(J·g-1)

4 1.37 116.47 648

8 1.40 119.64 628

10 1.41 120.80 642

(c)WXkerosene

Temperaturerise
rate/

(℃·min-1)

Sample
quality/
mg

Peak1 Peak2 Peak3

Starting
temperature/

℃

Heat
release/
(J·g-1)

Starting
temperature/

℃

Heat
release/
(J·g-1)

Starting
temperature/

℃

Heat
release/
(J·g-1)

2 1.35 162.78 168.1 274.42 325.3 418.37 238.5
4 1.37 167.35 168.4 277.38 298.8 419.13 240.1
10 1.35 178.62 158.8 297.02 280.7 418.30 219.1

Note:Thestartingtemperatureinthetableisthetemperatureatwhichtheexothermiccurveisdeviatedfromthebaseline.

 AsshowninFig.5,withtheincreaseinheating
rate,theexothermicpeaksofthethreekindsof
kerosene all move towards high temperatures,
showingthesamepatternofchange.Astheheating
rateoftheinstrumentincreases,theheatexchange
processbetweenkeroseneandtheenvironmentis
shortened,andthethermalhysteresisphenomenon

increasesthedecompositiontemperatureofkerosene.
Itshouldbepointedoutthatthedecomposition
processofkeroseneisexothermicbecauseaerospace
kerosenecontainsmultipletensionrings,andonce
decompositionoccurs,alargeamountofenergy
accumulatedwithinmoleculesisreleased,leadingto
exothermicphenomena.Thethreetypesofkerosene
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haveslightlydifferentstructures.2%-4% active
additivesareaddedtoGXkerosenetoimproveits
activity and make GX kerosene more active
chemically.2%-4%passivationadditivesareadded
toHXkerosenetohaveaninhibitingeffectand
enhancethesafetyofHXkerosene.2%-4%alkane
additivesareaddedtoWXkerosene,whichmakes
thechemicalpropertiesofWXkerosenemorestable.

(a)GXKerosene

(b)HXKerosene

(c)WXKerosene
Fig.5 DSCtestresultsatdifferentheatingrates

 Itresultedindifferentnumbersofexothermic
peaksinthedecompositionofthethreekerosenes,
withGXkeroseneshowingtwoexothermicpeaks,
HXkeroseneoneexothermicpeakandWXkerosene
threeexothermic peaks.In addition,from the
analysis of the peak pattern of kerosene

decomposition,itcanbeseenthatthethreekindsof
kerosenedecompositionaredifferentinintensity,
among which HX kerosene decomposes most
vigorously,followedby WXkerosene,whileGX
kerosenedecomposesmoremoderately.
 Under different heating rates, the initial
temperatureofthefirstexothermicpeakofGX
keroseneis177.95℃-222.90℃,andtheaverage
heatreleaseis343J/g.Theinitialtemperatureofthe
secondexothermicpeakis386.33℃-392.24℃,
andtheaverageheatreleaseis1128J/g.Theinitial
exothermicpeaktemperatureof HX keroseneis
116.47℃-120.80℃,andtheaverageheatrelease
is639J/g.Theinitialtemperatureofthefirst
exothermicpeakofWXkeroseneis162.78 ℃-
178.62℃withanaverageheatreleaseof171J/g,
theinitialtemperatureofthesecondexothermicpeak
is274.42℃-297.02℃withanaverageheatrelease
of301J/g,andtheinitialtemperatureofthethird
exothermicpeakis418.30℃-419.13℃ withan
averageheatreleaseof232J/g.Accordingtothe
firstexothermicpeakofkerosenetoanalyzeits
safety, HX kerosene has the lowest initial
decompositiontemperatureandthehighestpossibility
ofaccidentsamongthethreekindsofkerosene.
2.2.2 Thermalanalysiskinetics
 Theequalconversionmethodiscommonlyusedin
thekineticcalculation.TheFriedmanmethodisthe
most common differential method for equal
conversion,whichis suitablefor dynamic and
isothermaltestingmodes.Itsbasicequationis

ln dαdt  α,i =lnf(α)Aα  - Eα

RTα,i
, (1)

where (dα/dt)αisthereactionrate,s-1;αis
conversionrate;Aαisthepre-exponentialfactor,
s-1;f(α)isthemechanismfunction;Eαisthe
activationenergy,kJ/mol;R istheidealgas
coefficient,J/(mol∙K);Tisthetemperature,K.
Thesubscriptidenotesdifferenttemperaturecontrol
methods. The subscript α represents the
correspondingvalueatacertainconversionrateα.
Forisothermalreactions,icorrespondstodifferent
isothermaltemperatures.icorrespondstodifferent
ratesoftemperatureriseforlinearprocesses.Ata
certainconversionrateα,Eαcanbeobtainedfromthe
slopeofthelineobtainedbyfittingthedatafrom
ln(dα/dt)α,iand1/Tα,iusingtheleastsquaremethod.
Finally,aseriesofEαcorrespondingtoαcanbe
obtained.
 Fig.6showstheresultsofkineticcalculations
based on the Friedman method for different
exothermicpeaksofthreekindsofkerosene.Itcan
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beobtainedthatthedecompositionheatofthefirst
andsecondpeaksofGXkeroseneare(358±21)J/g
and(1165±44)J/gatthreetemperatureriserates.
ThedecompositionheatofHXkeroseneatthree
temperatureriseratesis (729±163)J/g.The
decompositionheatofthefirst,secondandthird
peaksofWXkeroseneare(176.335±5.816)J/g,
(176.335±5.816)J/gand(238.191±5.543)J/gat
threetemperatureriserates,respectively.Overall,
thedecompositionheatofthesecondpeakofGX
keroseneisobviouslyhigher,indicatingthatmore
heatisreleasedduringdecomposition.

(a)HXKerosenepeak1

(b)GXKerosenepeak1

(c)GXKerosenepeak2

(d)WXKerosenepeak1

(e)WXKerosenepeak2

(f)WXKerosenepeak3
Fig.6 Summaryoffittingresultsand measuredresultsof
reactionrate

 Fig.7showstherelationshipcurvesofEaand
ln(Af(α))withconversionrateαcalculatedby
Friedman method.Theanalysisshowsthatthe
thermaldecompositionprocessofGXkeroseneis
complex,andtherearetwo-stepreactions.The
apparentactivationenergyofthefirstexothermic
peakincreasesfirstandthendecreases withthe
increasingconversionrate.Whentheconversionrate
reaches0.2,theapparentactivationenergyofthe
firststepreactiondropsabruptly.Thedecomposition
ofintermediate products affectsthe exothermic
reactionofthesecondstep.
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(a)HXKerosenepeak1

(b)GXKerosenepeak1

(c)GXKerosenepeak2

(d)WXKerosenepeak1

(e)WXKerosenepeak2

(f)WXKerosenepeak3
Fig.7 RelationshipbetweenEaandln(Af(α))calculatedand
conversionrateα

 Theheatreleasedfromthesecondstepreaction
graduallyincreases,andtheapparentactivation
energyrises,atwhichtimetheproportionofthe
secondstepisdominant.Theheatreleasedfromthe
secondstepreactiongraduallyincreases,andthe
apparentactivationenergyrises,atwhichtimethe
proportionofthesecondstepisdominant.Whenthe
conversionratereaches0.85,theapparentactivation
energyisthehighest,thenthereactionapproaches
the end,and the activation energy decreases
gradually.Theapparentactivationenergyofthe
secondexothermicpeakdecreasedwiththeincrease
oftheconversionrate.Atthebeginningofthe
reaction,theactivationenergyisthehighestata
conversionrateof0.1andthengraduallydecreases.
Theapparentactivationenergydecreasesrapidly
between0.1and0.3andthentendstobestable,
indicatingthatthereactionisrelativelystableatthis
stage.ThethermaldecompositionreactionofHX
kerosenealsohastwosteps.Onthewhole,the
apparentactivationenergyincreasesgraduallyasthe
conversionraterises.Whentheconversionrate
reaches0.6,theapparentactivationenergyofthe
first step reaction drops abruptly. When the
conversion rateis between 0.6 and 0.9,the
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increasingrateofactivationenergyisobviously
higherthanthatbefore0.6.Theintermediates
generatedfromthefirststepcontributetothesecond
stepreaction.Theapparentactivationenergyreaches
themaximum ataconversionrateof0.9.The
apparentactivationenergiesofthethreepeaksofWX
kerosenethermaldecompositionshowadownward
trendwiththeconversionrateincrease,indicating
thatthereactionprocessisrelativelysimple.It
shouldbenotedthatthethirdexothermicpeak,
where the apparent activation energy drops
significantlyattheconversionrateof0.45-0.60,
revealsthatsomemacromolecularalkanesinkerosene
havereactedcompletely.Theapparentactivation
energiesofthefirstexothermicpeakofthreekindsof
kerosenearecomparedandanalyzed.HXkerosene
hasthelowestactivationenergy,followedbyWX
kerosene,andGXkerosenehasthehighestactivation
energy.Theresultsshowthattheenergyrequired
forHXkerosenetochangefromanormalstatetoan
activestatepronetobiochemicalreactionistheleast
amongthethreekindsofkerosene.Therefore,HX
kerosenehasthelowestsafetyfromactivationenergy
analysis.
2.2.3 Calculationofadiabaticinductionperiod
 Thermalrunawayoccurswhentheexothermicrate
ofareactionsystemisgreaterthantheheattransfer
rate.Animportantparameterofrunawayreactionis
thearrivaltimeofthemaximumtemperatureriserate
underadiabatic conditions,also known asthe
adiabaticinductionperiod,orthearrivaltimeofthe
maximumreactionrateunderadiabaticconditions,i.
e.,TMRad,whichcanalsobeconsideredasthetime
totakeemergencymeasuresbeforealossofcontrol
occurs. TD24 represents the temperature
correspondingtothetimetoreachthemaximum
reactionrateof24hunderadiabaticconditions.Here
therelationship between TMRad andtheinitial
temperatureofthesubstanceisdeterminedbasedon
thekineticparametersobtainedbyAKTSsoftware.
Theadiabatictemperatureprofilesforthreekindsof
keroseneareshowninFig.8.
 Inthecalculationoftheadiabaticinductionperiod,
thedatausedisfrom DSCexperimentalcurvesat
differentheatingrates.Theheatreleaseofeach
curveisdifferent,sotheheatreleasehasacertain
range,asshowninTable1.AsseeninFig.8,the
slopeofthecurvetendstoincreasewhentheinitial
temperatureofthethreekindsofkeroseneishigher
thanTD24,showingthattheadiabaticinduction

periodisless affected by temperature at high
temperatures.

(a)HXKerosenepeak1

(b)GXKerosenepeak1

(c)GXKerosenepeak2

(d)WXKerosenepeak1
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(e)WXKerosenepeak2

(f)WXKerosenepeak3
Fig.8 Adiabatictemperaturehistoryofthreekindsofkerosene
indifferentinductionperiods

 WhentheinitialtemperatureislowerthanTD24,
thecurve’sslopeissmaller,indicatingthatthe
adiabaticinduction periodisgreatlyaffected by
temperatureatlowtemperatures.Furthermore,the
TD24,TD4andTD8ofthefirstexothermicpeakofGX
keroseneare120.8℃,135.3℃ and 129.6℃,
respectively.TD24,TD4 and TD8 ofthesecond
exothermic peak are 295.1℃, 316.3℃ and
307.9℃,respectively.TheTD24,TD4andTD8ofHX
kerosene are 74.7℃, 92.1℃ and 99.3℃,
respectively.FortheWXkerosene,theTD24,TD4

andTD8ofthefirstexothermicpeakare129.6℃,
135.7℃and133.2℃,respectively.TheTD24,TD4

andTD8ofthesecondexothermicpeakare188.2℃,
216.9℃and205.4℃,respectively.TheTD24,TD4

andTD8ofthethirdexothermicpeakare396.0℃,
401.5℃ and399.4℃,respectively.Itcan be
obviouslyseenthattheTD24ofthethreekindsof
keroseneislowerthantheinitialdecomposition
temperaturementionedinTable1.
 Insummary,slowingthermaldecompositionwill
occurifthetemperatureislowerthantheinitial
decompositiontemperatureduringthestorageofcoal-
basedaerospacekerosene.Iftheheatgenerated

cannotbediffused,itwillgraduallyaccumulate,
leadingtosafetyrisks.ComparingtheTD24ofthe
firstpeakofthethreekindsofkerosene,itcanbe
seenthattheTD24ofHXkeroseneisthelowest,
followedbyGXkerosene,andTD24ofWXkerosene
isthehighest,indicatingthatHXkerosenehasthe
lowestthermalsafetyamongthethreekindsof
kerosene.Therefore,thestorageofkeroseneshould
beavoidedinanadiabaticenvironmentorinalarge
masspiletopreventtheheataccumulation.For
safety,thestorageenvironmentofkeroseneshould
bekeptventilated,andtheadiabaticinductionperiod
should be considered as an important safety
parameter.
2.2.4 Self-accelerateddecompositiontemperature
 Combinedwithkineticparameters,theSADTof
thethreekeroseneiscalculatedbyusingtheDSC
experimentalcurveinFig.5andthedatainTable1.
SADT is the self-accelerating decomposition
temperature,whichisanimportantindicatorforthe
safemanagementofchemicalsubstancesinstorage
andtransportation.SADTcanrepresentthethermal
safetycharacteristicsofthepackaging,whichisnot
onlyrelatedtothephysicochemicalpropertiesofthe
reactants,butalsotothepackagingqualityand
packaging materials.TheSTAD iscalculatedby
linearregressionofEq.(2).

T0/e/p=T00/e0/p0++bβi+cβ2i+dβ3i, (2)

whereb,c,darecoefficients;βiistheheatingrate,
K · min-1. T0 is the initial decomposition
temperature,K;Teisthetemperaturecorresponding
totheintersectionofthetangentlineatthemaximum
slopeoftheDSCcurveandtheepitaxialbaseline,K;
Tpisthepeaktemperature,K.Attherateof
temperaturerisetendsto0,abovementionedfactors
arebroughtintoEq.(2)toobtainthecorresponding
asT00,Te0(SADT)andTp0.
 Using AKTSthermalsafetysoftware,SADT
simulationsareperformedforeachofthethree
kerosenetypeswithdifferentexothermicpeaks.The
ambienttemperatureforsamplestorageis-2℃,
andthepackagingmassis50kg.Theresultsare
showninFig.9.
 Itcan be obtainedthattheself-accelerating
decompositiontemperatureofHXkeroseneis77℃,
andthesampletemperatureat0.606dis6℃higher
thantheambienttemperatureatthistime.The
temperatureoftheself-acceleratingdecompositionof
thefirstexothermicpeakofGXkeroseneis133℃,
andthetemperatureofthesampleat0.428dis6℃
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higher than the ambient temperature. The
temperatureofthesecondexothermicpeakofGX
keroseneis275℃,thesampletemperatureat6.37d
is6℃higherthantheambienttemperatureatthis
time.TheSADTofthefirstexothermicpeakofWX
keroseneis122℃,andthesampletemperatureat
6.05dis6℃higherthantheambienttemperatureat
thistime.TheSADTofthesecondexothermicpeak
is171℃,andthesampletemperatureat6.9dis
6℃ higherthantheambienttemperatureatthis
time.ThethirdexothermicpeakSADTis390℃,
andthesampletemperatureat5.97dis6℃higher
thantheambienttemperatureatthistime.Among
the three kinds of kerosene under the same
conditions, HX kerosene has the lowest self-
accelerating decomposition temperature and the
lowestsafety.Therefore,inthepracticalapplication
ofkerosene,agoodventilationenvironmentshould
beensuredtoreduceheataccumulationtoensurethe
safetyofproduction,transportationandstorage.

(a)HXKersenepeak1

(b)GXKersenepeak1

(c)GXKersenepeak2

(d)WXKersenepeak1

(e)WXKersenepeak2

(f)WXKersenepeak3

Fig.9 SADTpredictionresultsofthreekindsofkerosene

2.3 ARC results of coal-based aerospace
kerosene

 TheARCtestisusedtoevaluatethesafetyof
chemicalsbymaintainingthesampleinanadiabatic
environmentand measuring datasuch astime,
temperatureand pressureduringtheexothermic
reaction.ARCtestresultsofthreekindsofkerosene
aresummarizedinFig.10.Theexperimentalresults
showthattheexothermicheatofHXkeroseneand
WXkerosenearenotdetectedduringtheexperimental
process,andthepressureriseisrelativelymoderate.
Itis observed from Fig.10(a)that when the
temperaturereaches315 ℃,thetemperatureand
pressure ofthe GX kerosene sample suddenly
increasewithalargeamplitude.ItshowsthatGX
kerosenehasasignificantexothermduringthetest
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(theinitialdecompositiontemperatureis315 ℃).
Consequently,thethermalstabilityofGXkerosene
underadiabaticconditionsislow,andthepossibility
ofaccidentsishigh.Thisisduetotheadditionofa
smallamountofactiveadditivestoGXkerosene,
whichmakesitmoresensitivetothermaleffects.

(a)GXKerosene

(b)HXKerosene

(c)WXKerosene

Fig.10 Temperatureandpressure-timecurvesofARCtestfor
threekindsofkerosene

2.4 High-temperaturestabilityofcoal-based
aerospacekerosene

 Theexperimentalresults ofhigh-temperature
stabilityofthethreekindsofkeroseneareshownin
Fig.11.ItcanbeobservedthatGXkerosene,HX

keroseneand WX kerosenehavenotemperature
abruptchangeandnoreactionduringthetest,
indicatingthatthesethree kerosene have good
stabilityunderhightemperatureconditions.

(a)GXKerosene

(b)HXKerosene

(c)WXKerosene

Fig.11 Sampletemperaturecurve

3 Conclusions
 1)GXkerosenehasthelowestflashpoint,withan
opencupflashpointof43℃andaclosedcupflash
pointof37℃.ThelowerexplosionlimitsofGX
kerosene,HXkeroseneandWXkerosenesteamare
1.81%,3.74%and3.93%,respectively.Among
them,GX kerosenesteam hasthelowestlower
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explosionlimit.ThusGXkeroseneismoresensitive
thantheothertwokindsofkerosene,andtheriskof
transportationandstorageishigher.
 2)Thehightemperaturestabilityofthethree
kindsofkerosenemeetstherequirements.TheDSC
testshowsthatthedecompositionintensityofthree
kindsofkeroseneisdifferent,with HXkerosene
decomposing mostvigorously while GX kerosene
decomposedmoregently.Theinitialdecomposition
temperatureofHXkeroseneisthelowest,andthe
heatreleaseofGXkeroseneisthehighest.According
tothe thermalanalysis kinetics,the apparent
activationenergyandTD24ofHXkerosenearethe
lowestamongthethreekindsofkerosene,andits
thermalsafetyisthelowest.ARCtestshowsthat
onlyGXkerosenehasobviousheatreleaseduringthe
testingprocess,indicatingthatitsthermalstabilityis
thelowestamongthethreekindsofkeroseneunder
adiabaticconditions.
 3)Duringtheactualproduction,use,storageand
transportationofkerosene,fireworksshould be
strictlyprohibited,awayfromflammablematerials,
andshouldbestoredinqualifiedandsafecontainers.
Thecontainerofkeroseneshouldbetightlycovered
atalltimestoavoidcombustiblekerosenevaporfrom
beingemitted.Duringstorageofkerosene,avoid
placingitin an adiabaticenvironmentor bulk
accumulation.Keroseneshouldbestoredatroom
temperatureinaventilatedanddryplacetoensure
heatdissipation.
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煤基航天煤油安全特性分析

李辰亮1,刘 泉1,张 晶1,宋先钊2,张建新2,徐 森1,张 丹1

(1.南京理工大学 化学与化工学院,江苏 南京210094;2.南京理工大学 机械工程学院,江苏 南京210094)

摘 要: 本文研究了GX煤油、HX煤油、WX煤油3种典型煤油的危险性和热安全特性。首先,利用自行

设计的爆炸极限测量系统,确定了3种煤油蒸汽的爆炸下限。然后,使用差示扫描量热仪(DSC)对煤油进行

线性加热实验,分析煤油的热分解特性。采用动力学方法计算并比较了3种煤油的热解动力学参数。实验结

果表明:GX煤油的闪点及爆炸下限相对较低。DSC测试表明,HX煤油的最低初始分解温度为116.5℃。
由热解动力学计算可知,HX煤油的TD24与表观活化能较小。由ARC试验得到,在绝热条件下GX煤油的

热稳定性最差。3种煤油的高温稳定性均可达到要求。综合来看,GX煤油的危险性最高,HX煤油的热安全

性最低,故在煤油的储运过程中要防止热量的累积。此研究提供了煤基航天煤油基础的安全特性数据,为发

动机可靠性增长与性能提升提供了技术支撑。
关键词: 航天煤油;危险性;热解动力学;热安全性
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