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Effectofcoatingonthereactivityofboronpowder

Hidet8uguNAm ',OsanuNAKAZONO●,MiyakoAKIYOSHI●,

andYa8utakefLAm '

Thermalana)y8i8andcombu8tionexperiment8WereCarriedouttoStudytheeffectofthe

8urfacepropertie80fborononthethermalreactionandcombustionreactionofboronandit8

mixturewithpotaSBiumnitrate.neobtained代Sultsarea8fouow8.

Boronpowderwasnotcompletelyoxidi2XtdiJlairbecau8eOfit8Stableoxidelayeronthe8u血 ce.

Fluorore8in･coatedboronunderwentoxidationatalowertemperature,butShoweda8maller

hctionaloxidation.Unooatedboronhadalargehygm剖氾picityandformedboricACidifincontact
withmoiBture.Sur血cecoated･boronpreventedtheabsorptionofwater.

Thethermalreactivityandigmitabilityofboron-pota88iumnitratemixturesWerediqerentwith

thecompositionand8peCie80fboron.Boron-richconditioncausedhigherthermalreactivity.me

mixturethatcontainednuororeSin･coatedboronShowedalowerinitiationtemperatureofthe

exothermicreactionandipIitiontemperaturethantheotherone8.meCOatingcauseddecrease

inthelinearburningrateandthedrophammer8enSitivityofthemiXture.ForelectroBtatic

8en8itivity,thenuororeSincoated･boroncontai血ngmixtureshadalower8en8itivityandthe

epoxyre8incoatingShowedahigherSensitivitycomparedtothemixturecontaininguncoated

boron.

1.fntroductjon

Thefuelinthepyrotechniccompositionha島an

importantroleindeterminingitsCOmbu8tion

characteristic8.Beeau8eOfit8highheatyield,the

boron･tOntainingmixtureha合beenusedinigniter,

primerAnddelaycompoBition8,88COmbinedwitha
Suitableoxidi2:erSucha8redleadorpota88ium

n止rateu.However,boron8180h舶thedisadvan-

tageofigmitiolldincultyandin8uLEcientoxidation.

Moreover.thehygroscopicitymustbecontroned

duringproce88ingbecauseboronhasatendencyto

zld80rbmoiBturefromtheatmosphere.

Withregardtothereactionofboronwithan

oxidiZer,therehavebeenmaryreportsdealingwith

it8pyrotechniccompo8ition8 2)andcombustion

characteri8ticB3)I1川 .Liureportedonthecombu81
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tionbehaviorof801idpropellant8forductedrockets

contai山ngLiF･,VibnA･,8ilicone･coatedboron6).

HowevezT,therehavebeenfewreportsWhichdealt

withtheeuectofthechAraCteri8tic80fa8urfACe-

treatedborononthereactivityandcombustion

chafaCteristicBOftheboron･contAiningpyrotedl血c

compoSitiom8.Inthis8tudy,thermalanaly8iJiaJld

combu8tionexperiments8uCha8COmbuetion

calorimetryorburningratemea8urementSWere

carriedoutto8tudytheeffectofthe8urface

propertie80rborononthethermalreactionand

conbuBtionreactionofboronanditsnixturewith

pota88iumnitrateSelecteda8atypicaloxidizcr

Combinedwithboron.

2.ExperirTlenta1

2.1 Materials

Theamorphou8andindu8trialgradeboron(1)

(B(I))was0btainedfromKerr･McGeeChem.Co.,

Ltd.ItSpuritydeterminedbychemicalanaly8i8

usingthemannitolmethodwa883.3wt.%7)andits
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particlediameterwa合2.20JLmbyacentrifugal

particleSi25eanaly2m.ImpuritieBdeterminedby

X･raynuore8ccnCearLaly8i8Were6.1%magne8ium,

0.3%calciumand0.9%Othermeta18.TheX･ray

diLh ctionpattern朗howedtheexistenceOfa8mall

amountofcry8talboron,boriCacidanhydride(B203)

andboricacid(H3BO3).Twodifferentboron8Were
obtainedinordertocomparetheeLrectofthetype

onthereactivity.OneWABfromHamman-Stieve

Co.,Ltd.,(boron(2)orち(2))andit8puritywa台

88.5wt.%withaparticlediameterOf1.94JLmhya

centrifugalparticleei2x2analy2;er.Theotherwas

fromSBChemicalsCo.,Ltd.,(boron(3)orB(3))

andit8puritywa881.3wt.%withapartidediam･

eterof1.97FLm.

SufACetreatmentOftheboron(1)wasperformed

usingnuorore8inVitonAandepoxyreBizIEpicAt

1000diB80lvedinActon.TheSur血ce-coatedboron

wasrotatedovernightandfilteredthrougha

membrane丘Iterfouowedbydzyingat100℃.The

preparationconditionandobtainedreBult8Are

BhowninTable1,inwhichthethidkne880fooating

agentOnthe8urfaceofboronwa卓Calculated

8uppO8ingaBphericAlparticleofboronfromthe

followingdata.･averageparticlediameterofboron

iB0.46FLmforboron(1)(Martindiameterin3.1),

den8itie80fboron(1).ⅥtonAandEpicoat1000are

1.73g/cm3,1.76ど/cm3,1.17g/cm3,re叩 eCtively,

Pota88iummitratewa白preparedbypulvenang

and8ievingreagentgradematerial,andit8average

particle8iZXBWa8about10JLm.

Themixtu,eofboronwithpota88iumnitratewa白

preparedusingAnOrdinarybal1･millmixer.The

compo8ition8Werea/ENO3=4/1,3/1,2/1and
1/1bymolaeeordingtothefわllowingreaction

equation:

10B+6KNO3-5B203+3Ⅸ20+3N2 (1)

2.2 AnaレSis

TheptJrityofbonnwasdeterminedbytheman-

nitolmethodthata氏ertheoxidationofboronby

hydrogenperoxide,theproducedboricacidwas

analy名edbyneutral12iationtitration7).Impuritie8

weredeterminedusingAShimadzuX-rayFluoreS･

cenoeAnalyzerXRF-1700WF.Thepartide8i名eWas

me舶ureduBiJIgaHoribaCAPA-500Centrifugal

ParticleSi2;eAnalyZier.Thermalanaly8i8Wa台

performedwithaRigakuTAB-200DTA-TG

SimultaneouBAn alyzerinargonOfatmospheric

pre88urewithaheatingrateOf20℃/min.The

Samplewas5mgbyweight,andwa8COntaiJledin

analuminacellof5mmhighx5mmO.The

X-raypowderdiLrractionwasperformedu8inga

RigakuRU1200RotorRex.Thepartidemorphol･

ogywa80bSerVedu8ingaNipponDen8hiJSM12

Seami ngElectronMicro8COpe.

2.3 Combustionexperhent

memixturesCOn8i旦tingofboronandpota88ium

rdtratewereburnedinanalumi um q心ndriCaltube

underatmo8phericconditions,andthetimefora

lO･mnburningwacreOrdedbydigitalmemorywith

anopticalfiberBi酢laLmemixttJreWasloadednine

times,andit8densitywa合70%ofthetheoretical

maximum denBity.

Table1Coatingofboronpowderby皿uorore8in(VitonA)andepoxy
reBin(Epicoat1000)diB80lvedinaceton

Concentration
■ノrヽ 'ヽ-▲ヽ■■7VJL

coating- ntどCO(aZln芝aac.S tn)
Specie80f i

I
,II.1111
1

o Amountoradhered
coatingagent
(冒/1gboron)

Viton (I)) 2.5 1 0.010

(2)1 5･0 】 0･016

(3)～ 10.0 1 0.024
(4)i 20.0 1 0.040

Epicoat(I)i 0.5 l 0.010 i o.ooll
(2)ら l･0 】 0･012

(3)t 5･O I o･028
(4)F 10.0 i o.058
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Table2ChemicalamlyBi80fboronpowder

云㌃ 卜占i o 3

(wt･%)i(wt%･)j … ~~('Lqt;;03

Contentofboron
lafterwashing

Contentofboron

;frG'Svnibeforewashing′.■■′ヽ
Sp∝ie8

i
IHru
1HrHu
IHrLu

l
l
一
2

3

rHJU
nJHー
nJJu

【
B

ち

B

0 i9.0 i 91.6

AShimad21uCA-4PAutocalculatingBomb

Calorimeterwacusedtomeasuretheheatof

combu8tionfora0.7-gBampleunderatmo8pheric

preBBureinargon.

Theignitiont助tWasCarriedouta∝ordingtothe

Kruppmethodunderargon･A氏erthe100mg

mixturewAJipre的edat688MPa,theobtained

pelletwasdividedinto5mgpiecesbeforethe

ignitionteat.

2.4 Sens船山tytests

Thedrophmmerte令tandfriction8enBitivity

te8tWereCArriedoutaccordingtotheJapane8e

TnduBtryStan血rdJTSK48108).meelectr08tatic
Ben8itivityteatWASCarriedoutu8inganelectro8tatic

Ben8itivityte且terhving丘xedelectrode8ACCOrdinF

totheJapaneBeExploBive8SocietyStandard
ES-250).

3.Rosult8andDiscussion

3.1 SurfJ)CePrOPOrtiesandthereacthlkyofboron

powdor

Table2Bhow8there8ult80fthechemi Calanaly･

8iBOfboron.AJ38tatedbefore.thepurityofboron

(1)W舶83.3wt.%.ALterwaBhingwithhotwater,

theamountofdetermined801ubleboron(H3BO3,

B203)wa台9.0wt%Andthepurityincr組Bedupto

91.6wt.%.Theamountofboricacid,whichwas

determinedbyweightlo880nheatingto600℃

accordingtothefollowiJlgequation,waや9.0wt%.

2H3BO3ーB203+3H20 (2)

Ontheotherhand.thetx)ricacidaJldtheboricacid

anhydrideofboron(3)wereI.5and8.8wt%,

reBPeCtively.Andthepurityincrea8edto90.6wt.%.

TheaveragepadidediameterOfboron(1)deter-

minedbythecentrifugalparticle8i2ieanaly2ier

wa白2.20FLm.FromtheobservationoftheSEM

~ lLLm (1) - 1JLm (2)(1)a(1)×1600

0(2)a(1)×10000(3)B(l)× 4800FjB1SEMphot

ograph80fboronpowderphotographs(Fig.1).i

tw88notedthatboron(1)con8iBtedofprimaryp

article80rO.1-2FLmin8iヱeandthtmanyOft

heprimazyboronparticlesaggregatedtoformJleCOn

daryparticleeofafewmicrons.ItwaBdi丘Cultto

determinetheexact8iZeoftheprimaryparticle

8fromtheSEMphotogaphB,butaveragepartic

lediameterBdeterminedfromtheSEMphotoqaph8(Martindiameter)wereabo

ut0.46FLmforboron(1),0.41JJmforboron

(2)and0.45JLmforboron(3).Figure2BhowB

theESCA叩eCtraOftheboronpowder.TheESCABP

eCtrAOfboron(2)Chowtheexi8tenCeOfcarbon

andnuorine.Therefore.itwasCOnCludedthati

twa8COatedbyonekindofnuorore8in.BoronB(1

)and(3)lmdpeak8at192-193eVcau8edbytheboricacidandboriCacid
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Figure38how8theDTA(BOlidline)andTG

(brokenline)cuzve80fboronpowderinairT.
Boron
(1)WBBOXidiZiedinairattemperature8ranging
between610-860℃.
Theweightincreaseat860

℃waeAbout120%.
Theweightincre88eOfpure

boroniB222%forcompleteoxidationaccordingto

equation 3
,t
herefore,
thisre sult

corre8POndBtOa54%oxidAtionoftotalboro

niftheoxidationoftheimpur

itieさi8ignored:2B+3/2

02≡B203 (3)Boron(3)BhowedaBiJnihrthemalbehaviorto OSt=aJ3U〓u

B!an･oxuIトVl･OPU山200 300 4

00 500 600 700Temperature(℃)Fig.4DTA(
80hd血e)andTG(dottedline)curve8ofboron

-KNOamiXture8inArB(1)uponheatinginairand

thefractionaloxida･Lionat1000℃was56%.O

ntheotherhand,theoxidAtionofboron(2)commencedAt486℃,w

hichwa島About130℃lowercomparedtoth上o

fboron(1).However.itS血ctionAloxidationrema

inedat47%at1000℃.Figure4BhowBtheDTA(80

1idline)andTG(brokenline)curve80fvariou

sboron-pot&88iummitratemixture8inAr.Withr

egardtoborDn(1),everycompo8itioncaused

anintenseeXOthermicreactionrangingbetween

475-610℃.However,thethermalreactivitywao

differentforeachcompositionAndboron-richercon

dition8howedhigherreactivity.Th8phenomeno

nmaytnascribedtothedifrlCultoxidationofbo

ron.Theboron(3)-potaOBiummitratemixturea1808howedtheBAme

thernalbehviora8thatofboron(
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Fib5WeightiJICreaBeOfboronpowderunderrela･
tivehumidityoflOO%at25℃

80meWhtlowercomparedtotheother8thoughthe

exothermicpeakwas8mall.

3.2EfFectofcoatingonthereactivityofboron

powdor

Fipire58how8theweightincreaBeOfboron

powderumderarelativehumidityoflOO%at25℃･

Bor｡n(1)withoutcoatinghd8largehygTt)8COpic･

icyaJldacqtdred6.5%ofweightincreaseafter20

day8.ThisWasthereversereactionofequation(2)

8ndtheacquiredwaterWa卓removeduponheating

upto600℃.TheboroncoatedbyVitonAShowed

4.2%ofweightincreiuleAndthat2.2%byEpio的t

1000.Fromthesere8ult8.thecoatinghdJiOme

e触 tontheboronth上p柁Ventedtheab80rptionof

water.Themechni8mOfthewaterAd80rptionwa且

notexaminedinthiBexperiment.However,ad80rP･

Lionmayo∝urthroughthemechniBmthtoxygen

Andw8teJIwhichdih8ethroughthephy8icallyor

chemicdyad80rbedlayerreactunreaCtedboron.

Figure68howBtheresultsoftheDTAandTG

curve80fⅥtonA,Epicoat1000andtheirmixture8

withpotaB8ium nitrateinargon.VitonA

underwentendothermicdecompoBitionatinthe

temperatuJCrangOf420-490℃.EpicoAt1000

underwentAtWO･Btepdecomposition8howing

endothernicpeakrangingbetween420-490
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Fig.
6DTAandTGcurves0fVito n･
Epicoateand

theirmix ture8withKN
O
.1

℃andendothermicbetween480-510
℃
.
The

mixtureoftheVitonAwithpotaBBiuTnnitrate

underwentatwo-StepeXOthermicreact
ionatthe

temperature8rangingbetween410-490
℃and

between490-540℃.
ThemixtureofEpicoate

lOOOwithpota88iuJnmitrateShowedanexothemic

reactionatthetemperBture8rang ingbetween400

-510℃.
FromthethermalandyBi80fthecoatedboron
iJl

air.
vitonAICOatedbonn8howedaJiinihrthermal

behaviortoboron(2)andtherewA8nOdiqeren
ce

inthethermalreactivitybetweenboronwithouta

00atingandtheEpicoat1000ooatedone.
Fipre7

8howStheeffectoftheBurfacecoatingofboronon

thethermalreactivityofthemixture80fboronwith

pota8Biumnitrateinargon.
Themixturetht

oontainedtheVitonA･coAtedboronunderwentan

exothermicreactionatatemperaturelowerthan

thtforthemixturewithoutcoating.
Ontheother
hnd,t
hereactiontemperattげeOfthemixturewith

Epicoatcoatedboronwa卓8imihrcomparedtothat

forthemixturecont
aiminguncoatedboron.
Figure88how8there8ult80rthelinearbumi叩

rateofboron-pota88iumnitmtemixturesunder

atmo叩hericconditions.
Thelin earbumingr
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perature(oC)Fig.7DTAcurv朗Orthemixtures0f8u
rfacecoatedboro

nwithKNOBdecreasedwiththeincreaseOfthea

mountcoatedbyVitonAandEpicoat1000.However.

theheatofcombustionremainedconBtantwiththe
iJICreaBeOftheamountOfVitonAandEpicoatco

atingagent,hvingthevalue80f6310-6410a/lg

znixtureforthecompo8itionofB/ENOa=
3/1bymol.Table3Bhow8there8ultSOftlledrop

hBJnmerteBtofboron･pota88iumnitratemixtures,i

nwhichdrophammer8en8itivityierepresentedb

ytheheightcau8ingonefiringoutof6trials(1

/6explosionpoint).mediqerentoompo8itionさOfthemixture8

Lt!
C
!

Aoas
ltJJ3

'〇一eJ8upJnE)

0:Boron(1)0 :Boroncoated

byⅥlon● :ロoroncoated

byEpicoat

O ●0 0.02

0.糾 0.00ArTIOUntOtCOJ)tJnoqenH

oIlob" )Fig･8LinearburningrateOfboron

-ENOamix-ture8underatmospheric

conditionscontaininguncoatedboron(I)hadt

he阜anedrophammerheightof30-40cmandarecl

aBBifiedaJiclaB86inJIS.Thedrophammerhe

ightforthemixturecontaiJdngboron(3)wa8

20-30cm.Showingalittlehigher8en8itivity.

Ontheotherhand,theboron(2)coatedbythenuo

roreBincon･taimingmixturehadalower8en8itivity

ofthe40cmdrophammerheight.TheVitonA･

coatedboroncontainingmixture8decreasedin

drophammer8enBitivitywithincrea8ingamounto

fVitonAandthatwiththemaximumamountOfco

atingbecameinBet鳩itive.TheEpicoat1000coating

al80hadtheTab一e3Drophmmerte8tre8ult80fboron-

ENO3mixture8Sample(composition)

(by mol) l/4
一▲ー.ー_｢ B(1)/KNOtl B(2)/KN

O8 B(3)/KNOB3/1 2/1

3/1 3/11/6explo8ionpoint(m) i30-40 30-40 30

40 20-30cla880f8enBitivityinJIS1 6 6 6

7 5sample BcoatedbyViton/KNO3=
3/I(bymol)BcoatedbyViton

(I) (2)l/6explo8ionpoint(cm) 1 3

0-40 40-50cla880f8enBitivityinJTSi 6

7SampleBcoatedbyEpicoat (

3) (4)

306 8BcoatedbyEpicoat/KNO3=
3/1(bymol)(1) (2)

(3) (4)I/6explosionpoint(cm) 20-30

30-40 30-40cl8880r8en8itivit
yinJIS】 5__-
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Table4ElectroStaticBenBitivityofboron-KNO3mixture8

Sample B(I)a(1)B(2)B(3)

CotnpoSition
B/m Oa 4/1 3/1 3/1 3/1
(bymole)

I/10explo8ion
point(mJ)

71 60 45 45

箪 3i運 上 一 一一_
4 4 4

組JneeqeCta8ⅥtonAcoating.

Table4Bhow8there8ultsoftheelcctroStaticBent

由tivitytatoftheborDn･pOtaBSiu皿 nitratenixtureB.

inwhicheleetroBtatic8en8itivityzLrerepre8ented

bytheenergycauBingone丘dngamongtentrialB

(I/10explo8ionpoint).ThedifferentoDmpO8ition8

0fthemixture8COntaininguncoatedboronhada

8inilari騨Iitionenergy(1/10explosion)of45-71

mJwhichwaBCIABBifiedA8ClaBB4oftheJapan

Explo8ive880cietyStandard.Ontheotherhand,

theⅥtonA･00atedboroncontaiJdngm血 姐hda
largerlPitionenergyof60- 115mJandthe

Epio姐tlO00a)Atinghada8mdlervaluecompared
tothemixturecontaininguncoatedboron.Friction
Ben8itivityi88nimportantfactorforitsBafepro-
duction.Everycompositionofboron-pota88ium

dtratewaBiJWe舶itiyeinthehction8e舶itivityteat

eventJJlderthemaximumapphedloadof36kd.

Iti8knownthatAnAm hemiuBtypeequation

de8Cribedbyequation(4)exiStSbetweenthedelay

ti血etAJldtemperatureTforthei訂Iitionteat:

血t=BR/RT+JJ7A (4)

Plot80fignitiondelaytimetzLnd1/Tpvca8traight

血eaJldtheactivationenergywa80btaiJledfrom

the8lopeoftheplot8.1もble58howBthereJlult80f

theignitionte8t8forboron-pota的iumnitrate

nhtu柁8･Themixture8伽ntBini喝unCOatedboron
andthtcoatedbyEp血 athdthem血血 uJnigmi-

tiontemperatureBOf490℃and484℃,andthe

teznperatureatwhichthedelaytimewas48eC

(T4∝)wa且664℃And682℃,re8PeCtively.Onthe

otherhand･themixturecontaimingtheViton

A･coatedboronhadaloweripitiontemperature

Bcoated acoated Bcoated
byViton(2)byViton(3)byEpicoat(2)

3/1 3/1 3/1

60 115 10

4 4 3

Table5ⅠpIitionte8t8re8ult$Ofboron-KNOB

(B/KNOa=3/1bymole)mi血ureB

SAmpleofBFa(1)
_一一ー と ー__

T.M

T4批

EA(kJ/nol)

Bcoated Booated
byViton(4)byEpicoat(4)

490 450 484

554 530 582

85 61 102

TEmi ;MinimuJnigdtiontemperahl托(℃),T一_C;
IgnitiontemperatureAtWhichdelaytimei84
8eCOn血,EA;ActivAtionenergyforigmition

and8malleraCtivationenergyforigmition.As

thedetailedreactionmechanismOfthemixture

containingcoatedboronwa卓notexaminedinthiJl

experiment,theexactrea80nfortheeqectofcoat･

ingagent80nthethermdreactionandcombu8tion
wa卓notChrified,butthiJlmaybeinterpretedAB

follows.Iti8WeuknownthaL皿uorineuJIderp eB

gh88ificationwhenreiLCtingwithbort)n,thismay

beweakenedtheSteadyoxidelayerOntheboron

Bur血伐thu8makingtheinitiationofthereaction

o∝urea8ier.However,&氏8rtheoxidAtionproceedB

to白omeextent,theglA88iAedlayeractsagain8t

furtheroxidationandmayeventualbcAuBealower

血ctionaloxidation.

4.Conchsions

lbrt)npowderwaJ}OXidid inairattemperatttrW

rangingbetween610-860℃,butit8COmplete
oxidationwaBnotattainedbecau8eOfit88table

oxidehyeronthe8urh ce･Boronwitboutacoating

hdlarphyqo800PicityAndabBdbedwatertofom

boricacidifleLtincontaCtwithmoisture,Andthe

Surfacecoated･boronpreventedtheabBOrptionof

- 14-
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watertO80meextent.Thefluorore8in･Coatedbonn
underwentoxidAtionatalowertemperature,but

Showeda8malIerfractiomloxi血tion8thighertem･

perature8.

Thethermalre8Ctivityandignitiontemperature

ortheboron･potABBiumnitmtemixturesWere

diLrerentba阜edonthecompo8itionand8peCie80r

boron.Th上i8,aboron･richconditionhdahigher

thermalreactivity.andthemixturethatcontained

theVitonA-coatedboronShowedalowerinitiation

temperatureOftheexothemi Creactionandignition

temperaturethntheother8.Coatingcau8ed

decre88einthelinearbumi ngrateanddeerea8eOf

thedrophmmer8enBitivityofthemixture.With

reBpeCttOelectro8tatic8en8itivity,theViton

A･coatedboroncontainingmixture8hadlarger

ignitionenergy(1/10explo8ion)of60-116mJ

andtheEicoat1000coatedboronhadaSmaller

vduecomparedtDthemixturecontaininguncoated

bororLAnyway,WhtkindofpropertyiBdesirediB

importantLhctortoBelect00 atingagentOfboron.
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ホウ素の反応性に及ぼす表面被覆の影響

中村英嗣●,中囲 修●,秋吉美也子●,原 審毅●

フッ素樹脂やエポキシ樹脂で表面を披覆した場合などを含むホウ素の表面物性が.ホウ素単体やその硝

酸カリウムとの混合物の熱反応性や燃焼反応性に及ぼす影響を,表面物性の測定.熱分析および燃焼実験

などにより検附した｡

ホウ素単体は,空気中での酸化では,その安定な酸化被膜のために完全には酸化されない｡フッ素樹脂

で表面を被樫した場合にはより低温で酸化反応は起こるが,酸化率はむしろ低下する｡表面被覆しないホ

ウ素は吸湿性を持ち,吸湿の結果ホウ酸を生成する｡ホウ素を表面被額すると,吸湿性はある程度低下さ

せることができる｡

ホウ素とその硝酸カリウムとの混合物の熱反応性や燃焼反応:性は,混合物の組成やホウ素の種類により

異った｡すなわち.混合物中のホウ素丑が多くなると熟反応性は高くなった｡フッ素樹脂で表面を被覆し

たホウ素は他のもので被思されたものに比較して,混合物の熱反応の温度を低下させ.また,燃焼反応で

は発火温度を低下させた｡いずれの表面被招剤で被額しても,硝酸カリウムとの混合物の燃焼速度は低下

し,落つい感度就験での感度は鈍感化した｡これに対して,表面被摂しない場合に比較して,静屯気感度

妖験ではフッ来樹脂で表面を披礎した場合には感度は鈍感化したが.エポキシ樹脂で表面を被穫した場合

にはむしろ鋭感化した｡摩擦感度就敦ではいずれも不爆であった｡

(●九州工業大学工学部応用化学教室 〒804-8550北九州市戸畑区仙水町1-1)
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