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SensitivitiesofzirconlumanditsmixturewithLoaddioxide
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Z血o血 (designatedasZr)血eAmixcdwith

anoxidizerhASbeenudliZedasa血eligniter,eta.,of

pym tedmicdedcesb9C8uSeOfitshighJuかity弧d

heatofrewtiomHowever,asamixhreorevenasa

powder,zrLanyaccidentshvolv血gspontaACOuSp -

血AaZLdexplosions,eta.,hveb代nr甲 Orteddu血g

thc血凶bentofpulycriz血名,dry血g,siev血8,we*-

mg,mi血喝d soOAI).E甲00ially,itiswellb蜘 nb

hveahO SenSitiviyforBicdbnand血 icelecbic-

ityg.

.Inthisstudy,thesensitivitiesofthezirco血m

powdemnditsmixhtreswidlleaddioxide(PbCh)were

ev血血dushg血血 analysis,aAignidonscnsidv-

iytest,aACIcctmstaBcsensi加itytest,aAicdonsend-

Gviyted,admphaztnqtest,eta.Al so,dieeqCCtpf

血yingcoAdi60nsozlthesensitiyitieswasdsodis-
cussed.

2.Experlrnental
2.1.Mabdab

Thesampleofzirco血m(Zi)Ⅵ耶Obtained丘om

AccmmerciAIsupplier仙 lestoredinwater.Thiswas

ddedtndertwodi触 ItCOndiGons.OIleWasa25℃

for24hovs血ma喝ondmo叫l耶 andde軸natedas

Zr(1)心 血hd_amcgnpzticlediameterofO.61pA.

Theo血町gedp tedasZl(2)Ⅷ trutedtnder100
℃for2hotm hairmd･hdthesamep山iclesize.

Le addioxidehavingaPshpedczystdsthcttm

wasobtahed80macozrLnerCialsupp止er.Ithadan

meanpardclediameterofO.78JLmanditscontezttwas

dmi dtobe97･5wt%basedonitsactiveoxygen.

ALterweighing,thezirco血 mandleaddioxide

Receiycdon2,M山℃h1999
*DcprhentofAppliedChemistry,

Fac叫 ofEnsinecring,
Kyudluh血 teofTeclmology,
Sensui,Tobata,Xibkyudlu804J550JAPAN

bypassingthemttLrOughasieve(totalweightiitder

100ns)W- caEefuny.mind hadzyboxquipped音
withaprotectivebo打dtoayoidallybustmdcom･

busdonpzod00tsprojectilescatLSedby孤tmeg ccted

田中lo由on.Theconpo血bzuofthemixbresⅦ do･

tem血edbasedonhefo皿owingstoichiomcbicztu ･11

血neq血 m(1).

Zr+PbO2I-Pb+ZzQ (1)

Thep巧paiedmixhueshve也ecoJnPOSi60nsofr

zircomiunAeaddioxide=16/84byweight(lJ2by

mole),28n2(equholar,stDichiom血cconpsidon).

43/57(2/1),53/47(3/1)and60/qO(4Il).

2.2.AnalysisofsLJdaceprDPeTties I

TheprticlemorphologywasObservedusinga

NipponD軌血iScanAhgElecbJIM血oscope,JSM･

2.X-rayPbtoelccbn甲∝b scopyPSCA)waspq･

fozmedwithaNipponDen血iESCAJPS･908.

2.3.ThemlalanaJysis

TheⅢ血analysisⅦ且PeZfomedtuhgaRigaku

SimultaneousDTA･TO血 yzqTAB-200,inwhch

thesamplewゅ twas5印gand'theheabllateW恥

20℃hnin.Ⅶder血ora喝on.MbTeOVer,ahndznde

DTAandyzermadetobeoperdedthinganatmo･

sphezewi血血血edoxygenwas血 usedino血 bE
avoidairoxi血血orL

2.4.Sens'dvhytests

ThedropbmmertestwasperfomedtLS血gthe

DropHammerTesterbmtheKtm otiScien岨c

l血 Ⅶmen蜘ionProducdonCo.,Ltd..accoLdhgtoThe

JapanExplosivesSocie吋Standard)).FriCdonscnBi一

dyitywasmeasuredtui喝aDAMFdctionSensi6viO
Tester丘om血eKuramo也ScicnWICIm武mmentaGoA

Prduc血nCo･,Ltd.,accozdhgtotheJq)azh:SehdtB

tryStandardJIBK48104).Thedcctmsbdcsend丘vity

testwascarriedoutuslnganelcctrostahcsensidvity

testerhv血gabedelecbded血hwasdedgnated
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yJ付rj.7Yr･.L=H.･rT./ーm

bytheJapaz- ExplosivesSocietyStandardES-255)･
2.5.1gn'dontest

Theignidontest潤 Cmi edoutacco血 gtothe

伽 ppme也od血andmo甲hereofargon･A鮎rthe

mi xttmof100mgwaspressedat6t/cm2,thepellet

wasdividedinto5mgpieces.
3.触 u旭 anddisctJSStOn

3.1.Surfaceprqperdcsofzjrconiumand

teaddioxldopowder

Fig.1(a)md(也)ShowstheappeaJuCeOfthezir-

co血m(Zr(1))andleadoxidepowderbasedona

SEMPhotogr叩h･Thestdqceofthe血℃omiumspeci-

menWZLSSnOOthandtheavengeparticlediameter

Was0.61I,mCOnSistingofparticleslike0.2-5FLm

basedonthep町Iiclesizedisthbudonmeasurement･

Fig.2showstheESCAspectraAfthcZirconitun3d

elecbA(a)andoxygenlsclectmn(ち)forthepow-

(a) ×7800

Fig.1SEMphotogtvhsofmi onium(Z-(I)Xa)andleaddioxidepowdet(b) dersofZr(1)andZr(2)･t

hezirco血mandoxygenwereconrlmedtoexistonth

eirstdaCe.However,afbretchingwidlaAargon

ionbeaJnforlOmin,thepeakinthcspectraranging丘o
m183-191electronvoltswasascribedtotheoxideshiR

edtoalelowerbindingenergysideduetomemetditscl

f6).Thissug-gestedthatthesurfaceox

idehyerisnotsosbtmg,andiseasilydestmyedby

amechanicdぬ tment.As previouslystated,theleadd

ioxideusedinthisstudyhasaPtypecrystallinest

ructure.Thsleaddioxidelookslikeas血glecrystal伊i
g.1(ち))andhsanavera

gePadiclediameterofO.78JLmandconsistedofparticlesbm0.3-6pm.

3.2.Therrnalr%ctjonofzjrconjum.一eaddi

oxideandtJleirmixturesTher軌ltsofthethe

malanalysisofzirc血 mandleaddioxideareshown

inFig3.Zirco血mpow-derwasoxidizedin血indietenP turerange
Of220-600℃.The

oxi血ionofmi nitmbyoxygengasis･describedbyEq

.2.Zr+02-一ZrO2 (2)AccordingtoEq.(2),acompl

eteoxidationcalm a35.1%weightincrease.Howeve

r,Zr(1)Showedaniǹreaseinweightof31%bas

edonthepreciseTGinvestiga血n,thusindicating血at

zirconiumwasoxi･dizedupondrying･Zr(2)alsoshowcdやSimihrweight

increaseof30%mdhadthesameaverageparticled

iameterasZr(I).F垣.4showstheresultsofthethemalanalysisof
thev血otBmixhJreSOfzirc

onitnwi也1eaddioxidein190 180 540 ●530

8indingEnergy(eV)Fig
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Fig.
3Thermalanalysisofzircomiumand

leaddioxideinair
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山-トVl.OPu山(%)ul.e6tLJ61.a‡air.Al1themixtu

rescausedancxodlemicreactionin.thetemp

ezahmrange血m230to650℃･As dlede-composibonoflea
ddioxidecoJTLmenCedat370℃IitcanbecoAChld

edthtoxygenintheairalsoreacted･Thtis,zJJtlOnitm

indlemixturewasoxidizedbyoxy-genin也egas

phaseorabsorbedonthemetalsu血;edu血g伽 co
tlrSeOfth e托aCdon･lncon佃tto汝,theresultsatredu

cedprcsst汀ebelowO･1Torrobt血edushsthehAdzTL
adeapparatusshowedaviolentexo-dlermicreachon

8ShcedinFig.5forZr(1)andinFig6forZr(2).Thisi

sinterpretedasfollows･hthecaseoftheexperime

ntsiAair,zirconiuminthemixtureⅦsgradudlyoxi
dizedbeforeitsrcaLCtiomwithleaddioxideandm

adetheoxidizedlayer.nisoxidizedhyeracteda
saresistancetotheoxi血血n- e血mbyleaddioxide.On

the.otherhand,zirconiuminanat･moghere触e
of叩鳩enWasScarcelyoxidizedbeforethercac血nwhich

causedaviolentzwdonatthetem-peraturewherethe
decompositionofleaddioxideoncecornmenccd.Mo托O

Ver,COmParing･Zr(1)andZr(2),zr(1)hdahigh e

rreacbvityt血 IZr(2)dluSCausinganexothermicreactionatthesome

wbtlowertem･peratureof21-34℃ 13.4.SensttlvMesofzirconiumanditsmixtu
re

withleGLddioxid e

200-400600
･Tempera如re(･℃)

F ig.4
The血alanalysisof▲the
血Ⅹttm of

zirconiumwithleadokideinair

d
X
山

ー

1

V

l

.O
P
u
山

80

200
Te
?Ro

pe,占.U
4

,
20
(
i
c
i'500

Figl
5DTAanalysisorthemix
turesofzi rcmium

(zr(1))withlead dioxid eunder



Evezycomposi也onofzizcoAitmandleaddiox-

idemixtureviol肌dyc呼lod.edaccompniedbyaloud

explosivesotndintheLhctionsensitivitytest･nLe

resultsofthe血chonseJtSitivitytestfor也emiⅩtureof

zirco血mwithleaddioxidealeshown inFig.7.The

v甘ticalaxisisdieloadwhichcausesonefi血g那long

6也dsofthetest.ForZr(I),themixttmofZRJPbO3

=53I47gaVe也emostsensitivevalueofO･6kgfwhich

correspondedtothatoftheprlmaryexplosive

diazodinih phenoJPDNP).ThoughdleStOichiomeric

composidoncontAmed28%zircomium,themaximum

scnsihyityCoⅡ甲 ndedtoafuelrichcomposidoAand

thesensidvityhzldatendencytoincreaseasalePrO-

pordonofzirconitm increased.lnthecaseofthe

themdreaCtiv吋.Zr(l)hadahigherreactiviqthan

Zr(2).Widuegardto也e蝕 tionsensidvity,dlemix-

tu柁OfZr(l)wasmoresensitivethanthatofZr(2)for

an也ecompodtioAS.
Zi血 mitselfwasinsensitiveindte血cbonsen･

sidvitytest.However,dleelectrosta血sensitiviv test,

notonlydlemixturebutalsozirconium metalitse)r

causeda血 喝becauseortheoxidationwidltheoxy-

genillair.Zr(I)弧ditsmixturealsoshoweddiehigh er
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B一日 3

77l l200 Te?Rope,a.U4,
02(℃)500Fig･6DTAanalysisofthemixturesof

zirconium(zr(2))withleaddioxideunde
rreducedpresstmbelowOilTorr seJISitivib'comparedtoZr(2)fortheelecb s

tAdcsen-si也vitytestusingzirconitmmetalandth

emixbres.Fig.8showstherel血onbctweenthecompos

idonazldtheigmitionenergywhichcausedonefiriJ
lgduringtwo血 (50%ignidonenergy)of

thetest.Theelcctrostaticsensitivityofzirconiu
nanditsmixturehas8ChJ7LCteristicfeabHewi血re

gardto山ecompositioJl.Thatis,thehrgerthezirco血m

content.themoresensitivethemixture,andthemax

imumsen･sidvitywasobtainedforthe血 omitLmme

td.Therewasasl垣htdiWerencebetw∝【ltheelectrostat

icsensi･tivityandthe血ctionsensibibT.Thisisbec

auseOXy-genintheairparticipatedindle血merdi
qercnt丘omthtinth

elatter.ThedrophamTLertestWasC弧icdoutf

orthemix-tuzewhichcontainedZr(1)andZr(2).How

ever,allthecompositionscausedamiS血ing.Theref

ore,thesecompositionswereconcludedtobestableagainsta

Ll血paCt.3.51gnitabiHtyofzJ'rconiumanditsmbd

LJreWithtea

ddioxideTheresdtsortheignihondehytestwer

eingoodagrEmentwidldiefouowbgAdl血腿tyPeql

血on(3).lnT≡E拡 r+C

(3)whereTistheignitiondehytimemdEa

isthepa-mmeterof仙elemperahlredependenceof垣

nihonde-layortheactivationenergyfor

igmidon･TableIshowsthelowesti如tiontempezn

ture(TL)anddieactivationenczsyfortheignidon

ofzirco血mFig.7 FrictionserLSitivitytestfort
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ジルコニウムおよびその二酸化鉛混合物の各種感度

中村美顔●.丸山尊顔●.歌書美也子●,原 審鼓`

乾燥方法の異なるジルコニウムを用いて.ジルコニウムおよびその二酸化鉛との混合物の各種

感度を,表面分析,熱分析,発火持ち就敦,薄つい感度妖艶 摩擦感度妖艶 静電気感度試敦

などを行って樹 Lt以下の薦巣が得られれた｡

ジルコニウム表面は薄い酸化物層に攻われ,その反応性は乾燥方法によって異なった｡ジルコ

ニウムの二酸化鉛との混合物は,空気中では級慢な酸化反応を起こすが,波圧下では政Lv噴

熟反応を起こした｡.

･ジルコニウムの二酸化鉛との混合物は静電如 単軌 こは高い感度を示し,混合物中のジルコ

ニウム丑が多いと高い感度を示した｡また,混合物のこれらの感度はジルコニウムの活性によっ

て異なった｡しかし,この混合軌ま落つい感度試験では不港であった｡

(*九州工業大学･工学部･物質工学科

北九州市戸畑区仙水町1-1(〒804Ji550)Tel093-884-3319,FaxO93･884-3300)
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