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Effectofparticlesizeofcoaldustonexplosionpressure
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Abstract:Theeffectoftheparticlesizeofcoaldustonexplosionpressureandtherisingrateofexplosionpressureisstudied.
ThreecoaldustsfromLinganCoalMineinCanadaandDatongCoalMineinChinaareselectedtotest.Theinfluenceofparticle
sizeonthemaximumexplosionpressurePmaxandmaximumpressurerisingrate(dp/dt)max ofeachcoaldustwastested
experimentally.Theresultsindicatethatwiththedecreaseofparticlesizeofcoaldusts,explosionpressureincreaseson
conditionofthesameconcentration.Iftheconcentrationofcoaldustisdifferent,themaximumexplosionpressureappearsat
theconcentrationof500g/m3.Thesmallertheparticlesizeofcoaldusts,thelargertherisingrateofexplosionpressureofcoal
dust.Whentheconcentrationofcoaldustis500g/m3,therisingrateofexplosionpressureofeachcoaldustisthemaximum.
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0 Introduction
 Inspiteofsignificantresearchworldwide,thecoal
dustexplosionhazardhasnotbeeneliminated.From
Ref.[1],itcouldbeenknownthatmanyprimarycoal
minesinChinahaveexplosibility.Therehavebeen
seriousexplosionincidentsincoalmines.According
tostatisticaldata,thedeathscausedbygasorcoal
dustexplosionsaccountsfor71% ofthefulldeath
amountcause by allindustry accidents[2].For
example,methaneandcoaldustexplosionoccurred
inXishuiCoal MineinShuozhou City,Chinain
2005,and72workersweredead.In2007,thesame
explosiontook placein Hongtong Coal Minein
LinfenCity,China,and105 workersweredead.
Therefore,itisverynecessarytostudytheexplosion
characteristicsofgasandcoaldust.
 Inindustrialexplosion accidents, metaldust
explosion accidents account for a significant
proportion,especially coal dust explosion. At
present, some research has focused on the
characteristicsofcoaldustexplosion,especiallythe
explosioncharacteristicsofcombustiblegasorcoal

dust[3-7],butnottheeffectofparticlesizeofcoal
dustonitsexplosionpressure.
 Thispaperinvestigatestheeffectofparticlesizeof
coaldustandtherisingratesofexplosionpressureon
explosionpressure.Threecoaldustsfrom Lingan
CoalMineinCanadaandDatongCoalMineinChina
areselectedtotest.Theinfluenceofparticlesizeon
themaximumexplosionpressurePmaxandmaximum
pressurerisingrate(dp/dt)maxofeachcoalwastested
experimentally.

1 Colddustexplosiontest
 Theexplosibilitycharacteristicsofcoaldustare
oftenmeasuredinclosedvolumechamber.The20L
chamberis usedforexplosibility measurements,
includingmaximumexplosionpressureandmaximum
pressure rising rate[8]. An example of a 20L
laboratorytestchamberdesignedbySiwekR[9]is
widelyused.Theschematicdiagramofthechamber
anditsauxiliaryequipmentisshowninFig.1.
 Thesphericaltestchamberismadeofstainless
steelwithamaximumallowableworkingpressureof
2MPa.Thevesselissurroundedbyawaterjacket,

①

Receiveddate:2019-06-14
 Foundationitems:NationalNaturalScienceFoundationofChina(No.11802272);SpecialFoundationforPlatformBaseandOutstandingTalentof

ShanxiProvince(No.201705D211002);MajorResearchandDevelopmentProjectofShanxiProvince(No.201603D121012)

 Correspondingauthor:JIAOFeng-yuan(12523242@qq.com)



whichisusedtocontroltheinitialtemperatureofthe
testchamber.Thetopaccesscoverisfittedwith
ignitionleads.Chemicalignitorsareconnectedtothe
ignition leads. Different ignitors are used for
differentignitionenergies[10].

1—pressuregauge;2—solenoidvalve;3—duststoragechamber;
4—vacuumpump;5—exhaustvalve;6—vacuumvalve;
7—pressuretransducer;8—reboundnozzle

Fig.1 Schematicmapof20LSiwekchamber

 Priortoeachrun,thecoaldustwithrequiredmass
wasplacedinatubelocatedbeneathanozzlehoused
inthechamberbottom.Dustdispersionthroughthe
nozzlewasachievedbyanairblastfrom a1L
reservoirpressurizedto1.38MPa.Alsobeforeeach
run, the explosion vessel was evacuated to
0.053MPasothatthedispersionpulseraisesthe
vesselpressureto0.1MPaatthetimeofignition.
Ignition wasstartedbyachemicalignitorwitha
storedenergyof5kJ,centrally mountedinthe
chamber.Theuseoftheseenergeticignitorswas
justified on the basis of being relevantto the
industrial settings where primary explosions of
methanehaveinitiatedcoaldustexplosions.
 A fixed time delay of 400ms between the
commencementandtheendingofdustdispersion,
followedbya10msdelaybeforeignition,wasused
inalltest.Thecomputeropensthesolenoidvalve
betweenthe duststoragechamberandthetest
chamberthrough arebound nozzleto raisethe
chamberpressure.Pressuredevelopmentduringan
explosionwasmeasuredbyapiezoelectrictransducer
mountedflushwiththeinteriorofthevessel.An
IBMPCwasusedtorecordthepressuretimedata
fromwhichthevaluesofPmaxand(dp/dt)max were
obtained.ThePCwasalsousedtocontrolthedust
dispersionandignitionsequence by openingand
closingthesolenoidvalveshowninFig.1.
 Thepressure-timetracecanprovidethemaximum
overpressure,andthemaximumpressurerisingrate
foragiventest.

2 Coaldustsamples
 CoalsampleswereobtainedfromLingonCoalMine
inCanadaandDatongCoalMineinChina.Eachcoal
dustwasgrindedandsievedtoproducethefractions
withthesamesizefortest.Eachcoaldustsample
waswithdrawnforparticlesizemeasurementsbased
on the principle of laser diffraction or light
scattering.Particlesizeanalysisofallthecoaldusts
areshowninTable1.

Table1 Particlesizeanalysisofcoals

Particlesize
(μm)

wt(%)

Lingan1 Lingan2 Datong
<125 100 100 100
<75 87 98 100
<45 65 83 98
<20 41 53 78

 AccordingtoTable1,theparticlesizesofthecoal
dustsfromLingan1,Lingan2andDatongare125,
75and45μm,respectively.Proximateanalysisis
giveninTable2.Thevaluesshownaretheaverage
ofthreeanalysesdoneforeachofthethreedust
sample.Topresentexcessivelossofvolatilesand
surfaceoxidation,thecoaldustwaskeptinaninert
atmosphereoverthedurationoftesting.

Table2 Proximateanalysisofcoals

Colddust
Proximateanalysis(%)

Fixedcarbon Moisture Ash Volatiles
Lingan1 49.5 0.2 18.4 31.9
Lingan2 52.9 0.3 15.1 30.7
Datong 60.7 0.8 11.6 26.9

3 Resultsanddiscussion
 To determinetheinfluenceofparticlesizeon
overpressureandpressurerisingrateofcoaldust
explosion,thepressure-timetraceistestedwith5kJ
chemicalignitors. Manytimesexperiments were
conducted.Fig.2isatypicalP-tcurveofcoaldust
explosion.

Fig.2 P-tcurveofDatongcoaldustexplosion
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 ThedataforcoaldustareshowninTables3and
4.Itcanbefoundthattheexplosionpressureofcoal
dustisaffectedbytheparticlesizeofcoaldust.With
thedecrease ofthe particle size ofcoal dust,
explosionpressureincreasesonconditionofthesame
concentration.Whentheconcentrationofcoaldustis
different,themaximumexplosionpressureappears
attheconcentrationof500g/m3.

Table3 Explosionpressureofcoaldusts

Concentrationof
colddust(g/m3)

Pmax(MPa)

Datong Lingan1 Lingan2

250 0.70 0.57 0.64
500 0.74 0.65 0.66
750 0.69 0.63 0.65
1000 0.59 0.61 0.62

Table4 Risingrateofexplosionpressureofcoaldusts

Concentrationof
colddust(g/m3)

(dp/dt)max(MPa/s)

Datong Lingan1 Lingan2

250 33.9 8.6 13.2
500 46.8 12.9 14.6
750 46.3 13.0 14.9
1000 38.5 13.1 14.8

 ThedatainTable4indicatethattherisingrateof
explosion pressure ofcoaldustvaries with the
differentparticlesizesofcoaldusts.Thesmallerthe
particlesizeofcoaldust,thelargertherisingrateof
explosion pressure of coal dusts. When the
concentrationofcolddustis500g/m3,therising
rateofexplosionpressureofeachcoaldustisthe
maximum.Inconclusion,itisveryimportantto
preventcoaldustsexplosionofsmallparticlesize
becausetheyhavegreaterexplosionpressureand

pressureriseratethanthatofbiggerparticlesize.
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摘 要: 本文研究了煤粉粒子尺寸对爆炸压力及爆炸压力上升速率的影响,研究使用了来自加拿大Lingan
煤矿和中国山西大同煤矿的具有3种不同粒子尺寸煤粉。通过试验测试了每种煤粉的最大爆炸压力Pmax和

最大压力上升速率(dp/dt)max。研究结果表明在相同的煤粉浓度条件下,随着煤粉粒子尺寸的减小爆炸压力

增大;对于不同的煤粉浓度,最大爆炸压力出现在煤粉浓度为500g/m3 时;煤粉的粒子尺寸越小,其爆炸

压力上升速率越大,在煤粉浓度为500g/m3 时,爆炸压力上升速率最大。
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