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Suppressioneffectofsolidinertantsoncoaldustexplosion
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Abstract:Theeffectofsolidinertantslikerockdustonexplosionsuppressionwasexperimentallytested.Byaddingsolid
inertantswithdifferentconcentrationsintothreekindsofcoaldust,themaximumexplosionpressurePmaxandtherateof
explosionpressurerise(dp/dt)maxwereacquired.Basedonthis,thesuppressioneffectofrockdustoncoaldustexplosionwas
analyzed.Theexperimentalandanalyticalresultsshowthattherearetwomajorfactorsthatplayanimportantroleinexplosion
suppression:compositionofsolidinertantandparticlesizeofsolidinertant.Thehighertheconcentrationofsolidinertantand
thesmallertheparticlesizeofsolidinertant,thebetterthesuppressioneffect.Inaddition,thesmallertheparticlesizeofcoal
dust,thelargertheamountofrockdust.
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0 Introduction

 Coalisacombustibleblackorbrownish-black
sedimentaryrock underground being used asan
energy resource. Coal dust is sedimentated
everywhereintunnelduringcoalmining.Yu,etal.
indicatedthatallthecoaldustinthecoalminein
Chinaisexplosive[1-2].Oncemethaneexplodes,its
flame willchange suddenly[3]. Afterwards,gas
detonatesandproducesshockwave[4],whichleadsto
thetunnelfullofcoaldustandconsequentlycauses
itssecondaryexplosion.Accordingtostatistics,gas
explosionaccidentsaccountfor71% ofallserious
accidentsresultingin morethan 10 deaths one
time[5].Forexample,thegasexplosionaccident
happenedinXishuiCoalMineinShuozhouCityof
ShanxiProvinceledto72workersdiedonMarch19,
2005.AnothergasexplosionaccidentinRuizhiyuan
CoalMineinLinfenCityofShanxiProvinceledto
105deathsonDecember5,2007.Therefore,itis
necessarytopreventgasorcoaldustexplosion.
Thereexist many methodsforcontrolcoaldust
explosion.Thebasicmethodsincoalmineinclude
spreading solid inertant,ventilating tunnel and

eliminatingfireresource.Becausespreadingsolid
inertantcan absorb burning heat[6] and prevent
secondaryexplosion,itisveryimportanttostudyits
characteristics.
 Currently,therehavebeenthree methodsto
preventcoaldustexplosionfromfurtherdiffusing:
spreadingrockdustincoalmine,passiveexplosion-
proof and automatic explosion-proof,of which
spreadingrock dustincoal mineisaneffective
measure.Accordingtothesafetyproductionruleof
coalmine,rockdust mustbespreadinallthe
transporttunnelandair-returntunnel[7].Infact,it
playsanimportantroleinsafeproductionincoal
mineandtheresearchersathomeandabroadhave
paidmuchattentiontoit[8],i.e.Amyotte,etal.
haveresearchedintotheapplicationofsolidinertant
inpreventingorreducingcoalexplosion[9-10].Inour
work,byaddingsolidinertantsintothreekindsof
coaldust,theeffectsofsolidinertantsonexplosion
pressureandtherateofexplosionpressurerisewere
experimentally investigated and the maximum
explosionpressurePmax andtherateofexplosion
pressurerise(dp/dt)maxwereacquired.Furthermore,
thesuppressioneffectofrockdustoncoaldust
explosionwasanalyzed.
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1 Keyfactorsaffectingsuppressioneffect
 Inordertopreventcoaldustexplosion,itis
necessarytocoverthesurfaceofminetunnelwith
solidinertantthathascharacteristicssuchashigh
specificheat,lowdensity,beinginsolubleinwater,
low humidity absorption, nontoxicity, being
odourless,stablechemicalproperty,non-ignitibility,
lightcolor,goodreflectivity,easyflying,andsoon.
 Thereweretwomajorfactorsthatinfluencethe
suppressioneffectofsolidinertants:particlesizeand
chemical composition. Generally speaking, the
smallertheparticlesizeofsolidinertant,thebetter
thesuppressioneffect.Monoammonium phosphate
(MAP)hasphysicalandchemicalsuppressioneffects
oncoaldustexplosion.Thedepressioneffectof
sodium bicarbonate (SBC)is related to the
compositionofcoaldust.MAPismoreefficientthan
SBCininerting,butSBCis moresuitablefor
explosiondepressionthanMAP.
 Theamountofrockdustmixedwithcoaldustisa
keyfactoraffectingthesuppressioneffect.Itis
enoughrockdustmixedwithcoaldustthatcanplaya
partin explosion suppression.In addition,the
particlesizeofcoaldusthasagreateffectonenergy
releaserateofcoaldustexplosion.Thecoalparticles
withlargesizereactwithoxygenandthenproduce
heatjustonthesurfaceofcoaldustbuttheenergy
remainedinthecenterofcoalparticlescannotbe
released.Onthecontrary,thecoalparticleswith
smallsizecanbeoxidizedcompletelyandthewhole
heatenergycanbereleased[11].Inthiscase,agreat
amountofsolidinretantisneeded.Atpresent,rock
dustisoftenusedassolidinertantanditisalsoused
inourexperiment.

2 Experiment
2.1 Samples

 Coaldust:twokindsofcoaldustweretakenfrom
Prince Mine and Phalen Mine of Canada,
respectively,andtheotheronewasfrom Datong
MineofChina.Theparticlesizesofthreekindsof
coaldustwerelistedinTable1.

Table1 Particlesizeanalysisofthreekindsofcoaldust(wt%)

Coaldust
Particlesize(μm)

<125 <75 <45 <20

Phalen 100 86 64 39
Prince 100 99 84 52
Datong 100 100 98 78

 Thecompositionanalysisofthreekindsofcoal
dustisshowninTable2.Theresultswereaverage
valuesofthree-timeanalyticalresults.To avoid
mattervolatilizationandsurfaceoxidation,three
kindsofcoaldustwerereservedintoinertantgas
beforeexperiment.

Table2 Compositionanalysisofthreekindsofcoaldust(%)

Coaldust Carbon H2O Ash Volatilematter

Prince 40.2 1.0 28.0 30.8
Phalen 50.5 1.5 14.7 33.3
Datong 60.7 0.8 11.6 26.9

 Therockdustwasgotfrom HavelockLimeston,
NewBrunswickofCanada.Accordingtothesafety
productionruleofcoalmine,theparticlesizeof
rockdustmustbesmallerthan0.5mmandmore
than70%ofthemmustbesmallerthan0.075mm.
TheparticlesizeofrockdustisshowninTable3and
itscompositionisshowninTable4.

Table3 Particlesizeofrockdust

Particlesize(μm) <125 <75 <45 <20

Distribution(wt%) 91 76 48 28

Table4 Componentanalysisofrockdust

Component CaCO3 MgCO3 H2O

content(%) 57.5 40.2 2.3

2.2 Experimentalsetupandmethod

 The20Lstainlesssteelvesselwasusedtotest
characteristicparametersofcoaldustexplosion.The
datafromthe20Lvesselweresimilartothatfrom
1m3 vessel.Theexperimentalsetupisshownin
Fig.1.

Fig.1 20Lstainlesssteelvessel

 Beforetest,coaldustwasputunderaspurting
holelocatedatthebottomofthevesselwhoseinner
pressurewas0.05MPa.Beforeignition,coaldust
wasblownbyairinsidea1 Ljar whoseinner
pressureinsidewas1.4MPa.Aftercoalwasblown,
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theinnerpressureofthe20Lvesselwasupto
0.1MPa.Achemicaligniterwithenergyof5kJwas
usedtoignitecoaldustanditwasfixedinthecenter
ofthevessel.Blowingcoaldusttaken400msand
therewere10msbeforeignitingcoaldust,thusthe
delaytimewas410msintotal.Coaldustexplosion
pressurewasmeasuredbypiezoelectricsensorfixed
inthevessel,andthenP-tcurvewascollectedby
computer,finallythemaximumvalueofcoaldust
explosionpressurePmaxandthe maximumrateof
pressurerise(dp/dt)maxwereobtained.

3 Testresult
 Theexperimentswereconductedintwocases:
withrockdustorwithoutrockdust.Thetestcurves
whenadding60%rockdustintothecoaldustfrom
DatongCoalMineisshowninFig.2.

Fig.2 Typicaltestcurve

 Whencoaldustdensitywas500g/m3,igniting
energywas5kJanddelaytimewas410ms,thetest
dataarelistedinTables5and6.

Table5 Effectofsolidinertantondustexplosionpressure

Solidinertant
concentration(%)

Pmax(MPa)

Prince Phalen Datong

0 0.70 0.68 0.73

20 0.66 0.62 0.70

40 0.61 0.57 0.65

60 0.54 0.50 0.59

80 0.30 0.31 0.37

Table6 Effectofsolidinertantontherateofpressurerise

Solidinertant
concentration(%)

(dp/dt)max

Prince Phalen Datong

0 132 110 464

20 103 85 462

40 86 68 463

60 77 59 351

80 15 7 81

 ItcanbeseenthatPmaxdecreasesgraduallywith
theincreaseofsolidinertantconcentration,thusrock
dustcanalleviateexplosiondamage.Whenthesolid
inertantconcentrationreaches80%,Pmaxisdecreases
to50%ofthatwithoutsolidinertantand(dp/dt)max
wasreducedby80% -90% ofthatwithoutsolid
inertant.Asaresult,theexplosionharmwasgreatly
alleviated.
 Thereasonisthatcoaldustexplosionmustsatisfy
animportantconditionthatreactionheatreleasemust
bemorethanheatloss[12].Wang,etal.studieddust
explosion principle based on thermal explosion
theory[13],andtheconclusionisthattheflamepeak
formedbydustburningheatsthecombustibledust
particlesofdustcloudtotheirburningtemperature
bymeansofradiationheatofburningparticlesin
reactionareabutbymeansofgasconductionbecause
radiation heatis proportional to biquadrate of
absolutetemperature[14].Basedonthis,temperature
reductionofdustparticlescanstopburning.When
themixtureofcoal-rockdustexplodes,rockdust
absorbsheatfromexplosionflameandleadstolower
temperature,andthereforeflamecanbecrushedout.
Simultaneously,rockparticlesshieldcoalparticles
fromheatandradiation[15].Inthiscase,theflame
does not continue burning because the flame
temperaturecannotriseandvolatilemattercannotbe
produced.

4 Conclusions
 1)Spreadingsolidinertantcanplayaroleinthe
suppressionofcoaldustexplosion,whichmakesPmax

and(dp/dt)maxgreatlydecrease.
 2)Atthesamesuppressionlevel,agreatamount
ofrockdustisneededwiththedecreaseofparticle
sizebecauseitmeansthatcombustiblegasincreases.
 3)Rockdustcanpreventmethaneexplosionfrom
spreading.Incaseofmethaneexplosion,rockdust
andcoaldustareblownandmixedsimultaneouslyby
strongshockandwindtoformrock-coaldustcloud.
Rockdustcanshieldheatandradiationsoastoavoid
theflamefromburning.
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固态惰性介质对煤粉尘爆炸的抑制作用
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摘 要: 实验研究了固态惰性介质(以石灰石为例)对煤粉爆炸的抑制作用。将不同含量的石灰石加入三种

煤粉中,测得了煤粉爆炸的最大压力及最大压力上升速度。在此基础上,分析了固态惰性介质对煤粉爆炸抑

制的机理。实验及分析结果表明,固态惰性介质成分和粒度是影响固态惰性介质抑爆效果的两大因素。隋性

介质浓度越高、粒度越小,抑爆效果越好。此外,煤粉粒度越小,需要的惰性介质量越大。

关键词: 煤粉爆炸;爆炸压力;固态惰性介质;石灰石粉

引用格式: TAN Ying-xin,CAOWei-guo,ZHANGYun,etal.Suppressioneffectofsolidinertantsoncoal
dustexplosion.JournalofMeasurementScienceandInstrumentation,2018,9(4):335-338.
[doi:10.3969/j.issn.1674-8042.2018.04.005]

833 JournalofMeasurementScienceandInstrumentation Vol.9No.4,Dec.2018




