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Abstract:Inordertotestthethermaldecompositionof1,3,5-trinitro-1,3,5-triazinane(RDX),thelineartemperaturerise
experimentofRDXwascarriedoutbydifferentialscanningcalorimeterunderdifferentheatingrateconditions.Thekinetic
calculationofRDXthermaldecompositioncurvewascarriedoutbyKissingerandOzawamethods,respectively,andthe
thermalanalysissoftwarewasusedtocalculatetheparameterssuchasself-acceleratingdecompositiontemperature.Theresults
showthattheinitialdecompositiontemperaturerange,decompositionpeaktemperaturerange,anddecompositioncompletion
temperaturerangeofRDXare208.4-214.2,225.7-239.3and234.0-252.4 ℃,respectively,andtheaverage
decompositionenthalpyis362.9J·g-1.KissingermethodwasusedtocalculatetheDSCexperimentaldataofRDX,the
apparentactivationenergyobtainedis190.8kJ·mol-1,whichiscoincidentwiththeresultscalculatedbyOzawamethodatthe
endofthereaction,indicatingthattheapparentactivationenergycalculatedbythetwomethodsisrelativelyaccurate.When
thepackagingmassvaluesare1.0,2.0and5.0kg,respectively,theself-acceleratingdecompositiontemperaturesare97.0,
93.0and87.0℃,respectively,indicatingthatwiththeincreaseofpackagingmass,theself-acceleratingdecomposition
temperaturegraduallydecreases,andtheriskincreasesaccordingly.
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0 Introduction
 1,3,5-trinitro-1,3,5-triazinane(RDX),asoneof
themostcommonlyusedexplosives,isanimportant
partofgunandsolidpropellants.Ithasgood
detonationperformance,andwidelyusedinthefield
ofenergetic materials[1-3].Therefore,in recent
years,the thermal decomposition and thermal
stabilityofRDXhavebeenthefocusofresearch.
Sincethe middleoflastcentury,thetraditional
researchtechnologyofgasdecompositionproducts
andthermogravimetrycurvehasbeenadoptedby
researchers.Inaddition,high-pressuredifferential
scanningcalorimetry,isotopelabelingandisotope
effecthavealsobeenwidelyusedinthefieldof
thermaldecomposition.Manytechnicalmethodshave
beenusedtostudythethermaldecompositionprocess
andthermalstabilityofRDX,andmanyimportant
conclusionsforproductionandtransportationprocess
haveguidingsignificancetoreducetheoccurrenceof
accidents. Lee et al.[4-6] studied the thermal
decomposition of RDX bythethermalinfrared
technology,expeciallythethermaldecompositionof

RDXundertheinfluenceoffactorssuchassample
mass,heatingrateanddynamicandstatichigh
pressureusingPDSCandTG-DTGtechnology.Jinet
al.exploredthethermaldecompositionprocessof
RDX,1,3,5,7-tetranitro-1,3,5,7-tetrazocan
(HMX)bydifferentialthermalanalysis(DTA),and
foundthatthereisalinearcorrelationbetweenthe
decompositionrateconstantandthecombustionrate
inhibitioncoefficientunderdifferentpressures[7].
Dingetal.[8-10]studiedtheeffectofTNTonthe
thermaldecompositionprocessofRDX.Theresults
showthatTNTcanimprovethethermalstabilityand
thesafetyofRDXtoacertainextent.Alarge
numberofexistingstudiescontributetoadeep
understandingofRDX,buttherearestillsome
deficienciesinthethermaldecompositionofRDX
based on differential scanning calorimetry
experiments.Hereweintendtotestthethermal
decomposition of RDX by differential scanning
calorimeterto obtainthethermaldecomposition
parametersandchangecharacteristicsofRDXat
differentheatingrates,in orderto makesome
supplementtothethermaldecompositiontestof
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RDX.

1 Experimental
1.1 Sample
 Whenthepercentageofparticlesizedistribution
reaches50.0%,the corresponding particle size
(D50)ofRDXis20.0μm.

1.2 Equipmentandexperimentation
 Differentialscanning calorimeter (DSC)was
producedbySETARAM Company,France,andits
temperaturerangeis0-700.0 ℃ andprogram-
controlled temperature scanning rateis 0.1 -
100.0℃/min,withthefunctionsofrapidcooling
and heating and a high-pressure crucible.The
protectivegasishigh-puritynitrogen,andtheflow
rateis40.0ml/min.
 Theexperimentalheatingratesaresetat5.0,
10.0,15.0and20.0℃/min,respectively,andthe
dosageofsampleis0.5mg.

2 Resultsanddiscussion
2.1 ThermaldecompositionofRDX
 ThelineartemperatureriseexperimentofRDXof
DSCisshowninFig.1,and Table1showsthe
experimentalconditionsandresults.

Fig.1 DSCexperimentalcurvesofRDX

 ItcanbeseenfromFig.1andTable1thattheinitial
decompositiontemperature(Tonset),theexothermicpeak
temperature(Tpeak)andthedecompositioncompletion
temperature(Toffet)ofRDXshifttothehightemperature
directionwiththeincreaseofheatingrate,whichis
causedbythethermalhysteresisphenomenonduringthe
thermaldecompositionprocessofRDX[11].Theinitial
decompositiontemperatureofRDXis208.4-214.2℃,
the peak decomposition temperature of RXD is

225.7-239.3℃, the decomposition completion
temperatureof RXDis234.0-252.4℃,andthe
averagedecompositionenthalpy(ΔHr)is362.9J/g.
Table1 CharacteristicparametersofDSCexperimentsofRDX
Experimentβ(℃/min)Tonset(℃)Tpeak(℃)Toffet(℃)ΔHr(J/g)

DSC

5.0 208.4 225.7 234.0 337.3

10.0 209.9 228.3 241.3 342.4

15.0 213.0 237.5 248.6 357.8

20.0 214.2 239.3 252.4 413.9

2.2 Kineticanalysis
 BasedontheDSCexperimentaldataofRDXin
Section2.1,thethermaldecompositionkineticsof
RDX wasanalyzed by Kissinger method[12] and
Ozawa method[13],respectively.Using Kissinger
method,theslopeandinterceptofthestraightline
areapparentactivationenergy(Eα)ofRDXandpre-
exponentialfactor(A),respectively.UsingOzawa
method,basedontheexperimentalcurvesunder
differentheatingrates,selectingthesamereaction
conversion rate to make the corresponding
relationshipcurve,theapparentactivationenergyof
RDXcanbeobtained.Thismethodcannotgetthe
valueoff(α),onlygetstheproductofAandf(α),
whichavoids manyassumptionsinthereaction
processand makesthecalculationresults more
universal[14].
 Fig.2liststhecalculationresultsofRDXbythe
abovetwokineticsanalysismethods.Itcanbeseen
fromFig.2theapparentactivationenergyKissinger
methodcalculatedis190.8kJ·mol-1.Inorderto
eliminate the effect of baseline selection and
instrument noise in the reaction process,the
conversionrateis0.05-0.95.

Fig.2 Fittingcurveofapparentactivationenergy(Kissinger)

 Itcanbeseenfrom Fig.3thattheapparent
activation energy of RDX calculated by Ozawa
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methodislargerattheinitialstageofthereaction.
Asthereactionproceeds,theapparentactivation
energygraduallydecreasesuntiltheendofthe
reaction.Thisisbecausethethermaldecomposition
ofRDXisacomplexreaction,andtherearedifferent
reactionsatdifferentreactionstages.Duringthe
reactionprocess,somesubstanceswereproducedto
promotethe reaction and reduce the apparent
activation energy[15-16]. The apparent activation
energyof RDX calculated by Kissinger method
basicallycoincideswiththeresultcalculatedbythe
Ozawamethodattheendofthereaction,indicating
thatthecalculatedapparentactivationenergyismore
accurate.

Fig.3 RelationcurvebetweenEandconversionrateα(Ozawa)

 BasedontheDSCcurveofRDX,RDX was
predictedandsimulatedbyadvancedthermalanalysis
software.Advancedkineticssoftwarecanpredictthe
degreeofthermalhazardofthesubstance.Four
thermaldecompositioncurvesofRDXunderdifferent

heatingratesinFig.1wereimportedintothesoftware,
andthereactionprocess,reactionrateexperiment
andsimulationcurvesofRDXwereobtained.Then
theself-acceleratingdecompositiontemperatureof
RDXwascalculatedbythesimulationcurve,andthe
experimentalprocessandsimulationcurveofreaction
processandreactionratewereobtained,andtheself-
acceleratingdecompositiontemperatureofRDXwas
calculated by the simulation curves. The
decompositionpeaktemperatureof RDX onthe
simulationcurveis basically the same asthat
obtained by experiment.Finally,based onthe
simulationcurves of RDX,the self-accelerating
decompositiontemperatureofRDX wascalculated
whenthepackagingmassvalueswere1.0,2.0and
5.0kg,respectively.
 Self-acceleratingdecompositiontemperatureisan
importantparametertoevaluatethesafetyofthermal
decompositionofRDX[17-18].Thecalculationresults
oftheself-acceleratingdecompositiontemperatureof
RDXareshowninFigs.4-6.Itcanbeseenthat
whenthepackagingmassvaluesare1.0,2.0and
5.0kg, respectively, the corresponding self-
acceleratingdecompositiontemperaturevaluesare
97.0,93.0and87.0℃,respectively.Withthe
increaseofpackaging mass,theself-accelerating
decompositiontemperaturegraduallydecreases.The
heatgeneratedinthethermaldecompositionprocess
ofRDXismoredifficulttoexchangewiththeoutside
world,andtheriskalsoincreases.Thesmallerthe
packagingmass,theeasiertheheatexchangewith
theexternalenvironment,thusthesafetyincreases.

Fig.4 CalculationresultsofRDXself-acceleratingdecompositiontemperature(1.0kg)
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Fig.5 CalculationresultsofRDXself-acceleratingdecompositiontemperature(2.0kg)

Fig.6 CalculationresultsofRDXself-acceleratingdecompositiontemperature(5.0kg)

3 Conclusions
 1)The initial decomposition temperature,
decompositionpeaktemperatureanddecomposition
completiontemperatureofDSCexperimentofRDX
are208.4-214.2,225.7-239.3and234.0-
252.4℃,respectively,andtheyallmovetoward
hightemperaturedirectionasheatingrateincreases.
Theaveragedecompositionenthalpyis362.9J/g.
 2)The apparent activation energy of RDX
calculatedbyKissingermethodis190.8kJ/mol.The
apparentactivationenergyofRDXcalculatedby
Ozawamethodislargeratthebeginningofthe
reaction.Withthereactiongoingon,theapparent
activationenergygraduallydecreasesuntilreaction

ends.TheresultscalculatedbyKissingermethodand
Ozawamethodcoincideattheendofreaction,which
meanstheactivationenergycalculatedbythetwo
methodsismoreaccurate.
 3)Whenthepackagingmassvaluesare1.0,2.0and
5.0kg,respectively,theself-acceleratingdecomposition
temperaturevaluesare97.0,93.0and87.0℃,
respectively.Withtheincreaseofpackagingmass,the
self-accelerating decomposition temperature gradually
decreases,andriskincreasestoo.
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基于差示扫描量热实验对1,3,5-三硝基-1,3,5-
三氮杂环己烷热分解的测试研究

于 硕1,2,谭迎新3
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摘 要: 为了对1,3,5-三硝基-1,3,5-三氮杂环己烷 (RDX)的热分解进行测试研究,通过差示扫描量热仪

在不同升温速率条件下对RDX进行线性升温实验,采用Kissinger法和Ozawa法分别对RDX的热分解曲线

进行动力学计算,并结合热分析软件计算自加速分解温度等参数。结果表明,RDX的初始分解温度、分解峰

温、分解完成温度范围分别为208.4-214.2℃、225.7-239.3℃和234.0-252.4℃,分解焓平均为

362.9J·g-1。采用Kissinger法对RDX的DSC实验数据进行计算,得出的表观活化能为190.8kJ·mol-1,
与Ozawa法计算的结果在反应末期重合,表明两种方法计算的表观活化能较为准确。在包装质量分别为

1.0、2.0和5.0kg时,其自加速分解温度为97.0、93.0和87.0℃,表明随着包装质量的增加,自加速分解

温度逐渐降低,危险性随之增大。
关键词: 1,3,5-三硝基-1,3,5-三氮杂环己烷;差示扫描量热仪;热分解;动力学
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