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Updateresults0fMCPVTasatestmethodf♭rStudying

thedeeompoSitionofSelf-reactivematerials

XinruiLil,DabinLiu●●.Yu8akulwAta●,HiroshiKoseki●,KenjiMaSug1,
●●●●

8mdFumioSamuki…●

InordertoevaluatethereliabilityofminiclosedpressureVeSSeltest(MCPVT),aroundrobin

programamongNRIFD,NKKRandKayatechCo.Ltd.wa白conductedinJapan,u81ngthree

typicalorganicperoxide8,StandardtestconditionsWa叩rOpOSedAnd(dP/dt).MWasadaptedfor

the8ete卓ts.Theresultsimplyth8日hesamedesipoftestdeviceyields8goodrepeatabilityfor
threemateri818.

1.lntrodu¢tion

lntheManualofTb8tSandCriteriaoftheUnited

NatiorL8(UN)RecommendationsontheThnsport

orDangerousGoods,80CalledOrangeBook,test

8erie8Ecompr18eSlaboratoryte8t8,SuchASthe

Koenentest.theDutchpre88ureVe88elte8tand

theUSApreSSureVeB8elte8t,andcriteria

concernlngtheBen8itivene880f8ub8tanCe8tOthe

eWectofinten8eheatingunderdefinedconfinement

l1】.currentlyamongthesemethods,therelative

degreeofBen8itivityof88ubOtanCCtObeheatedin

apre88ureVesseli8eXpre88edbythelimiting

diameterOftheburstingdiscWhichi8brokenwherL

itcannotenduretheviolenceordecomposition.

TheeErectofheatingundercon6mementoforgarLic

peroxidecanberoughlyderlnedbythecriteria

V̀iolenr',叫Medium","Low"anddNo",basedonthe

StateOfburstingdiscbeingbroken.

HoweverthereareSeveraldi8advantageBin

usingthesetestdevices.FirstlytheteSt8Allow

onlyrelativecompariSOn80fhaZZLrd8qualitatively,

buttheydonotprovidequantitativeevaluation.

SecondlyreproducibilityoftestreSult8i8notgood.

Forexample,underthe88meCOndition,thedisc

maybebrokenin80meCaSe8butnotinotherca8e8,
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sotodetermineonediameterOfthediscneedsat

leastrIVetimesofrun.Meanwhiletheranking

resultsforthesame8ubBtanCe8Oftendifferfrom

threekindsofStandardte8t8.Thirdlyallte8t8Are

laborious.Tbdefineone8ub8tanCe.a8erie80rtri818

withdifferentresearchinStitute8arerequired.

Fourthlyduetoanon-uniformheating,whenAn

onsettemperatureOfdecompoBitionlie8ClosetOa

boilingpoint,the8Ampleinthet88tVe88el

occa8ionallyevaporate8andconden8eBOnaCooler

partOftheveB8elagain,leadingtothe

determinationofthehal;ar°uncertainl2,3】.The

fifthisthattheseteBtBneedmorethanhundreds

gramordersample.whichiBdifrICulttofulrlllin

mostlaboratoryduetoSpeCi81Spacerequlrement

and88fetyconsideration.

Itwa島hopedthatinthesmall･scaleclosed

pressurevesselte8t8withelectricalheatingand

pressureandtemperaturehistoryrecordsCOuld

Showthattheywouldgivequantitative,reliable

andreproducibleestimates0fthethermalexplosion

eLrect80rSelf-reactivematerialororganicperoxide.

InJapan.aminiclo8Cdpre88ureVe88eltest

(MCPVT)wasdevelopedwhichw88basedonAdolf

Kuehner'8mini･autoclaVe.Themaximum

pre88ureriseratemeA8uremCntcouldbeusedaS

ascreenforsomecla88ificationte8t8.

TheSere8ult8Obtainedfromthecollaboration

withtherecognitionbyEuropeanresearchgroup8

toinvestigatethemini-auLoclaVe88ageneral

8Creenforexplosivepropertie8,including

detonationproperties(4】,encouragedauthorstO
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introduceoneharmonizedpressureVesseltestinto

theUNManualorTe8tSandCriteria.Sorapthe

developmentofaharmonizedPVTh88been

includedintheUNworkingprogramthreeperiods

asfollows:())from1997to1998Aharmonized

UNPVTwasdeveloped;(2)from1999to2000,test

procedures,conditionsandcriteriAfortheMCPVT

weredefined,andMCPVTroundrobinwouldhe

conducted,whereMCPVTwLlSincludedaSa

Screeningte8tandpo88iblereplacementOrtest

seriesEbyMCPVTwasStudied;(3)from2001to

2004.MCPVTroundrobintestWillbecontinued

forascreeningtest.B88edonmanyfundamental

works【2,31,roundrobinte8t8Werertr8tlyinitiated

inJapanwiththreeorgFlnicperoxidesinorderto

obtainthat(1)ReproducibilityofMCPVTunder

thesameconditions;(2)Valuablebenchmarkfor

furtherdesignimprovementandvalidation;(3)

Extensiveutilizationorthi8apparatusinrunaway

hazardevaluationforunstable8ubStanCeSL51.

2.Round-robinexperiments

Clo8edvesselmeasurement8Weremadeuslng

aJapane8emOdirLedtypeMCPVTve88elwhichi8

illustrateddiagrammaticallyinFig.L.MCPVT

Fig.IMCPVTvesselisakindofthelarg

er8CfI)eDTASy如emWhichallowsthemeas

urementOrpreSSureA8Wellastemperature.There

FIrethreeholesthroughthelidoftheve88el,one

foraStraintypeSenSOrwithavibrationfrequencyorlMHzthroughACapillary tubeor30mmlen

gthtomenSurepressure.SecondoneroraK･typethe

rmocoupletomeasuretemperatureandthirdoneforA

rupturedisc(NilMoalloy.acLivfILionpre88urei

835MPaElk450℃)forventing.ToavoidclltnJ

yziIngeffectonthedecompositionorthe印mp]e,

flglasstubewasusedaS8Samplecontftinerin

ESidetheSteelve88elandthethermocouplewLt8Prot

ectedinaFlfISSSheath.TheELutOCIFLVehfldaTr

eevolumeor6.0×JO~6m･1.TheaSBembledve8Selwi

th細mpleandsensorsfortemperatureandpre8Buremef

IBurementWasputinanelectricfLthefltingrurn爪Ce

Whoseheatingconditioncouldbecontrolle

dbytldigitalprogram.DigitaldAt爪WiththeS

amplingrateorO.2kflzwereobtainedandthemaxi

mumrateorpresESurerise,(dP/dt)m...wFI8C81culaLedPromtwopoir
ltSSmoothortherlr8tderivativeorthepre88ure･t

imecurve.Threeor印nicperoxidesprovided

byKaynkuAkzoCo.Ltd.Shown

inTableJ.werechosenaSsamples.FollowingX.L

iuandK,Ha8egaWtLL5,6】,testconditionsWereRelecte

daShe]ow:Ve.qselvolume: 6.0×10■巾mlHeating

rate: 9･10℃/minSamPlemass: l(±0.))拷MeaSurlngitemB: pre88ureandtempe

ratureDFLtaSamplingra

te:0.2KHzThreeresearchgroupsparticipat

edirLtheround-robinte8t8,thati8,theNationA

lRe8eflrChInstituteorFireandDisaster(NRlFD).To

kyo.NipponXAijiKentaiKyokai(NKKK).Vokohama.

andKayatechCo.Ltd..Yamaguchiprefecture.3

ResultsanddiscussionrlbmflkeSureOrnOIenk叩e

.theMCPVTmustbeclosedwiLhaVery8trOngtorq

ueandallthreadsmustbelubricatedverywelt.t

nFig.2,itindicatesthatre8ult80rmen8urement80rVapOrPre8811

reOfwaterduringbeingheatedELreVeryClos

evalueswiththoseinthereferencel7).Theve8

8elhastObeheatedunt.ilat.)east250℃.Jt

meansMCPVTglVeSgooddataWhenitisdopedquiteweuandno



Table1Samplesusedinthetest

Code Samplename stabe Puri
tyBPB t-Butylperoxybenzoate lqu

d 99.9%DBTO 2,5-Di-methyl2,5-di-(i-butylperoxy)hexane li
qud 85.5%BPO Benzoylperoxi

de solid 74.3%Samplesu陀dherewereprovidedbyKayaku AkzoCo.
Ltd
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Fig.
3(a)Pre 88ureandtemperat urebehavio rs

orBPBforthreer

unsinMCPVT□:Pre88ure●:Temperature(

SJt!dM)一PJdP

S○C○nds

Time(S)Fig.3(b)Rates0fpre88ureriseofBPBfort

hreerun8KayakuGakbishi.Vol.63.No･6,2002 implythatrepeat8bilityoftestreBult

8Obtainedbythesameoperatori8Acc

eptable.The88mpleatfirstisheatedby

therateOf10℃/minunder8mmpmode.Attheonset

temperatureOfdecompositionofthe88mple.p

re88ureandtemperaturegOupSteeplya8g88a

ndheatrelease.Hereonsettemperature(Tn)i8defi

neda8thetemperatureatWhichdP/dti8th

emaximumandT,iSthehighesttemperatureatw

hichthereactioncanproceed.Themajorproduc

tsOfBPBaretoluene,benzene,propanOne,methan

eandcarbondioxideL81.Theexperimentalrese

archL9Jh88revealedthataVeryBhort･termwaveOf

ga8e80fboth"dry"And"wet''productSwith
intenseheatreleaseari8e8fromtheve88elint

oatmosphere,andventsdirectlythroughtheduct

topre88uretranBducer8en80r,WhichbuildupA

quitehighoverpre88ureSharplyatthepositionor

pre88uretransducer.SothereappearsaSharp

peakonthepressureCurveatWhichpre88ureri8e

AttainBthemaximumvalue.Thenthepre88uredecre

aBeStOacon8t8mtlowerlevel.Therearetwor

ea80n8.ThefirstiSthattheformerhigh･BPeedg88

nowleadstoAPre88ureimbalancebetweenthev

eBSelandtheduct.thati8.thepressureinveSS
eli8lowerthanthatinduct.Theimbalanceint

urncausesaninversegasnowfromthedu

ctintothevesselSoonafterthepressure

attainsthehighest.The8eCOndreason

iSthatduetothebiggesttemperaturedifferenceb

etweeninsideandSurroundingwhenthe88mpledecom

po8e8violently.heatgeneratedfromtherea

ctioniBlosttotheambientquicklyandASar

esulttemperatureoftheSampletendstOgOdown

againtotheambient.Especiallythe"wet"fraCtio

n8intheproducts,8uChaStOlueneandben乙ene,C

ondenseagaln,Whichleadthepre86uretOdec
reaseuntilanewbalancei8established.The8imi18rp



Table2RepeatabilityinMCPVT

Sample PRAT (dP/dtln… To あ Konen Du上t:h USA(MPa) (MPaJS) (℃)

PVT P∀TBPB 10.3土0.6★10.3★★ 183.5土5.6★221.8●★ 133.8 232.3 Vide

nt Violent MediumDBTO 12.7土0.3★ 201.4士18.5★ 172.8

299.2 Medium Violent★★★BPO 8.1士0.7★8.6★★ 398.2土21.7★333.2★★ 101.

6 193.2 Ⅵolent Medium Violent★… ★*Theranges
meanthevalueofstandarddeviation.''DAtaWereObtainedbydifferentoperators.(SamplesWe

refromNipponOil&Fat8Co.Ltd.日5】***DiBCrupturedat
orificediameterof9.0JnminUSA･PVT****DiscrupturCdator

ificediameterof18.0mminUSAIPVTTAble3Reproducibilityofro

undrobintestNRⅠFD NKKK Kay8teChSample P,R., (dP/dt)mat P… (dP/dt)… P伽 l (dP/
dt)…(班pa) (班pa/ら) (MPa) (MPa/S)

(班pa) (Mph/S)BPB 10.3 18
3.5③ 10.4 107.3③ 8.7 174.0@(+1%

) (-41%) (-15%) (-5%)DBTO 12.7 201.4② 8.8 118.6② 12.4 18
7.5@(-30%) (-41%) (-2%)

(-6%)BPO 8.1 398.2① 5.2 141.3(》 8.3 357.1①(

-35.8%) (-64%) (+2%) (-10%)DataWereObtainedbyeachoperatoratlea
stthreeruns.Thepercentage8inparenthesesmeanthemean

deviationfromdetaofNRIFD①～③areranking8fo

rviolenceofdecomposition.dioxidel8】.T

able2cornpareSthedataobtainedfromNRIFDus

ing88mple8fromKayakuAkzoCo.Ltd.byauthorsand

NipponOil&Fat8Co.Ltd.byotheroper8tOr8.1ts

howsVeryCloseresultsprovidedthattheve88eli8the88me,regardlessOfthe8upplierB

ofSamples.InTable2,thedatafrOmMCPVTare

alsocomparedwithtestresultsintheUNRecomme

ndationusingtheEonenTest,theDutchtestand

theUSAtestl1].ItiBnotedthAttheSethreemetho

dsOnlyproviderough cla88ificAtion,andeventod060,resultsofrankingthreeS

AmpleSbythreetestmethodsShownintheUNr

ecommendationsarequiteinconsistent.Forexample

,BPBdecompositionisconcludedtobeviolent

intheEonenAndtheDutchte8tS,Whileiti8med

iumintheUSAte8LDBTOisconcludedtobemediu

mintheXonentestbutviolent,intheUSAtest.

BPOi8ViolentintheKonenandintheUSAtestsb

utmediumintheDutchtest.ItcanbeSeent

hatthereiSnOevidentcorrelationbetweeneithertwoofthematall.However,inMCPVT, when(dPIdt)… isadoptedaSaparameter

,thedecompositionrankingi8COnCludedaBBP

O>DBTO>BPB.Their(dP/dt)mnxdecreaSe8inthe

SameOrderasthosefromorificediameterincr

easefordiSCruptureintheUSAP∀Ttest.Forinstance,BPO,DBTOAndBPBdecompo8iti

onBcausediscruptureatorirlCediAneter80f

18.0mm,9.0mmand8.0mm,respectively.To

lookthroughthereproducibility,resultsobtairLed

bydifferentoperatorsindifferentlaboratori

es.Tablt!3liststhedatafromtheothertwo

participants,NKKKandKayateChCo.Ltd.,and(

dP/dt)…,valuesObtainedbyEAyAtechCo.Ltd.ar

einaccordancewellwiththoseofNRIFD,though

NKEK datai8Stillnot80good.ItShouldbenoticed

thatononehand,whenMCPVTiSusedforclassifyin

gtheextentofhazardsinlaws0rinregulations

,thesizeofves8el,thema880fsampleandhe

atingrateShouldbeidenticalanddefinedclear

ly.Ontheotherhnd.measurementofP,MmaystillhaveBOm



laboratorytolaboratory,anTectedbyvariousfactors,

suchasthesi2:eOfvessel,themassofsample,the

resolutionofamplifier,heatrateandeventhetype

ofrecorder.ComparedtoP.nat,(dP/dt)matismore

importantparametertodeterminetherankingfor

substances'decomposition.Intable3,PmAtOfBPO

isI.helowestamongthethreesamples,whileitis

knownthatitsdecompositionshouldbemuchmore

vigorousthanBPBandDBTO,becauseoftheir

charact.eristicsofchemicalstructure.Withthe

dataOf(dP/dt)matfromthethreelaboratories,iti8

morepreferabletoglVegoodagreementinthe

rankingofBPB,DBTOandBPO.Therefore,if(dP/

dt)matCanbeadoptedasacriterion,MCPVThasa

greatpotentialtobeAnewquantitativeandreliable

testmethod,SubstitutingforthepresentUN

standardtests.

Furthermore,forextensiveutilization,Other

factsinvolvesinadevicedesignare:(1)aglass-

shezlthedthermocouple,whichinsertsintothe

sample,Candirectlymeasurethetemperatureof

sample.Iti8foundthatthereisdivergencefor

temperaturesamongSampleandfurnaceand

temperaturedi白tributioninavessel.Seeingall

curvesinrecentexperimentsandcalculatingthe

heatingrates,theexistingconditioncanguarantee

thatSampleisheatedbytherateof9-10℃/min.

(2)Aluminumspacerandsiliconoilshouldfillthe

capillarytubetopreventcorrosion.ButBOfarwe

didnotusealuminumspacerandSiliconoilfor

substit.utionoftensincecorrosiondoesnotinnuence

ontheI,estresultsomuch.

4.Conclusions

Theroundrobintestdat80rMCPVT

demonstratedgoodrepeatabilityforthreesamples

Andgoodreproducibilityamongdifferent

laboratoriesprovidedwhentheSametypeVeSSels

wereusedinthesetests.ItisSuggestedthatif

(dP/dt)matCanbeadoptedasacriterion,MCPVTi8

usedforclassifyingtheextentofhazardsinlaW8

0rinregulations,butonlywhenthesizeofvessel,

thema880fsample,heatingrateandotherdetails

Shouldbeidenticalanddefinedclearly.Thedata

inthispaperSupporttheextensiveutiliEationof

MCPVTforclasSificat.ionofmaterialswith

unstabledecompo8ition.Furthermore,thesedata

areabletoserveaBbenchmarkdataforworldwide

roundrobintests.
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