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Thethermalbehaviorofthecarbohydrazidecomplexes

ofcertainmetals(5)

-CombustionreactionoftheZnandMncomplexeswithoxidizingagents-

byMiyakoAKIYOSHI'.GenKINOSHITA',NorimasaHIRATAH
HidetsuguNAJuMURA●andYasutakeHARA●

Carbohydra2:i°e(hereafter,CDH)metalcomplexesareexpectedtobeanewgas

8enerantforautomobileairba8S･Afterthepreviousreport4～7).thecombustion

reactionoftheZnandMncomplex飴withvariousoxidiZhgagents(KCIOl.和的 .
KNO3andSr(NO3)I)wasinvesdgatedbythermalanalysisandthemeasurementof

theheatofcombustion.thebumingtemperatt汀eandtheburningrate.

DuringthedecompositionataSlowheatingrate,suchasinthermalanalysis,the

initialtemperatureofthereactioninthebinarysystemwitJIKBrO3Wasthelowest
withthemostvigorousreactioninbothcomplexes.FbTthermore.itwasclearthat

thereacdvityincreasedwiththeaddidonofCuOtotheZncomplex/oxidizinga昏entS

System･

IntheZncomplex,theheatofcombustionatastoichiometriccompositlonin-

creasedintheorderofSr(NO3)2,KNO3,KC104andKBrO30EtheoxidiZilngagent.
However,thistendencywas-inconsistentwiththalofthecalctllatedvalue.The

burningrateinthecomplex/KBrO3SystemWasthehighestofallsystemsandin･

creasedintheorderoftheaboveoxidizingagentswiththesametendencyasthe

heatorcombustion.Theburnin8rateintheZncomplex/oxidiZin8agent/CuO

systemseemstobe80 Vemedbytheheatofcombus也onandthereacdonmte.

Ontheo山erhand.intheMncomplex,bo山theheatolcombustionand也e

bumIngrateincreasedintheorderofSr(NOJZ,KBrO3andKC101,agreeingwiththe
tendencyofthecalculatedvalue.TheburningrateintheMncomplex/oxidi2;ing

agentsystemseemedtobe80VemedbytheheatoEoDmbustion･However.inthe
mixturesystemwithKC10小thepressureexponentwaslarger,andnocombusdon
occurJ'edatatmosphericpressure･
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1.Introduction

Recendy.automobilessoldlnJapinhavebeen

equippedwithanairbagsystemforsaferdrlv･

ing.AscandidatesforthenonaZiide8aS

generantinanairba8System.tetra之Olederiva･
fivesII,ura2:Ole2)andazodlcarboamide3)were

chosenforthisstudy.Theauthorsevaluated

carbohydrazide(hereafter.CDH),whichlscom-

posedoffournitro島enatOmS･aCarbonatom

andan oXygenatomandisexpectedtobeone
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ofthenewgasgenerantS･

hpreviousreports4～7㌧lnordertosearchaE･

terthepossibilityofthepracd田lappli田tionof
CDH,variousCDHmetalcomplexesweresyn･

thesizedandtheirthermaldecompositionbe･

haviorswereinvestigated.becausethethermal

stabilityandreactivitybecamelargerbycoordi-

nating0rCDHtoametalcomparedwiththe

CDHonly.

Inthisreport.thecombustionreactionfor

theZnandMncomplexnitratesorCDH

(M(CDH)3(NO3)2.M-Zn,Mn)withoxidizing

a島ents.SuchaspotassiumperchLorate(KC104),

potassiumbromate(KBrOユ),POtaSSiumnitrate

(KNO,)andstron也umnitrate(Sr(NO3)2),Wasin･

vesdgatedbythermalanalysisandthemeasure･

mentortheheatoFcombustion,theburningtem･

peratureandthebumin8rate･Thecワmbustion

reactionor山eMgcomplexnitrateorCDHwas

investigatedinapreviousreport7)･

2.Experiment

2.1Reagents

synthesi2:edbyapreviouslyreportedmethodlI･

TheoxidiヱIn8agentsWereWakopurechemical

reagentgrade:potassiumperchlorate(KC10一).

potassiumbromate(KllrOJ.potassiumnitJ'ate

(KNO3)andstrontiumnitrate(Sr(NO3)2.Re･

agentsscreenedunder63LLmWeremixedusing

thelrieV-lmixer.FortheZncomplex/oxidiZ:･

ingagents.CuOoH0%byaweightratiowas

hrheraddedasanoxidizingagentfornOCOm･
bustionornoignitionoccu汀edinastoichio･

metricbinarysystemwithanyoxidizingagent.

Fivekindsofsampleswerepreparedbymixing:

astoichiometriccompdsl'tionandtwocomposi-

tionseachofpositiveandne8ativeoxygenball

ancebasedoneqs.I-4.Table1showsthese

compositions･

zn(CDH)3(NO3)2+1.52f(C101+0.94CuO
→ZnO+7Nz+3CO2+1.52KCJ+9ZtO+0.94Cu (1)
Zh(CDH)3(NO】)Z+1.97KBrO3+1.10alO

-ZnO+7Nz+3∝ち+I.97KBr+9Ⅰち0+Ll0Cu(2)

Zn(CDH)3(NOl)2+2.41KNq)+0.98ChO

TheZnandMncomplexnitratesofCDHwere -Zoo+8.2N2+3CO2+1.21ち0+9H20+0･98Cu(3)

Table1Compositionsofmixtures

oXidizinga8entZn(CDH)3(NO3)2/OXidi2:ingagent/CuO oXygenbalance(g/loos)(mol) (w

t.)KClO4 42.1′25.9′32.0 75.9/14.1/10

-10.035.0′35.7′29.4 68.9′21.2

′10 -5.029.0′43.9′27.1 61.

8′28.2′10 023.8′51.0′25.2 54

.7′35.3/10 +5.019.3′57.2/23.5

47_6/42.4/10 +10.0KBrO】 39.5′28.5′32

.0 71.3′18.7/10 -10.031.4′39.3/29.

3 61.9/28.I/0000 -5.0

24.6′48.3′27.1 52.5/37.5/ 0

18.7/56.2′25.1 43.1′46.9/ +5.0

13.7/62.9′23.4 33.7′56.3/ +10.0KNO3 36
.7/34.8/28.5 74.5/)5.5/0000

0 -10.028.9/46.0′25.1 66

.7/23.3/ -5.022.8′54.8′22.4

58.9′31.1′ 017.8′62.0′20.3

51.0′39.0′ +5.013.8/67.8/18.4 43.2′46.8/ +1

0.0Sr(NO3)2 44.5′20.8/34.7 74

.0′16.0/00000 -10.03

7.5/29.6′32.9 66.0/24.0/ -5.0

31.3′37.5′31.2 58.0/32.0/ 0

25.6/44.7/29.7 49.9/40.1′ +5.020.5′5



Zn(CDH)3(NO3)2+1.a)Sr(NOJ2+1.0)qlO
一ZnO+8･2N2+3CO2+1･2SrO+9H20+1.00Cb(4)
FortheMncomplexes,onlytheresultsina

stoichiometricsystemwerereported,because

thesamecompositiondependenceasthatinthe

Mgcomplex/oxidizingagentswithoutCuOwas

obtairLed,aspreviouslyreported7).Inbothcom-

plexes,theamountoftheoxidizingagentper1

molof山ecomplexatastoichimetriccomposi･

tion,respecdvely.is7/4molofKC104.7/3mol

ofKBrO3,14/5moloFKN03and7/5molof

Sr(NO3)2.

2.2Apparatusandmethod

Thedifferentialthermalanalystsandthe

graVimetrywerecardedoutLJSingaRi8akuTAS-

200ThermalAnaly2ier.Thesamplecontainer

wasanopenaluminacellandthesampleamount

wasthreemg.Thesamplewasheatedt0800℃

atahea也ngrateof20℃/minunderAr.

Theheatofreactionwasmeasuredusinga

ShimadzuCA-4TypeAutomadcBombcalorim-

eterunderArgon.Theexperimentalresultsat

theambientpressureshowedadispersionof

measurementValuesof3%to4%overthepres-

surerangeof1.1MPato3.1MPa.Therewasno

combustionat0.1･MPaand,也erefbre,山emea-

surementwascarriedoutat1.1MPa.

¶lemeasurementOfthebumingratewascar-

riedoutunderthefollowhgconditions.Apre-
liminaryexperimentshowedthatthe止nearbum-

1ngrateinthepackingfractionrangeof0.65to

0.70becamesmallerasthepacking打actionin-

creased,while山emassburningratewasinde-

pendentofit.Whenthediameterof血eburn-

ingtubewas6mm,thebumingratehadamaxi･

mumvalue.Consequently,thesamplewas

loadedat0.6ofthepackingfractionina6mm

i.d.alum inum tube.nepressuredependence

wasmeasuredoverthepresstueran8eOfO･1to

4.1MPaandtheinnuenceofthecomposition

onthelinearburningratewasinvest鳩atedat

1.1MPa.ThelinearbtJrrhgratewasdetermined

bythetimethatwasneededforthecombus伍on

wavetoproceed10帆

meburningtemperaturewasalsomeasured

byusingthesamepackingfractionandburming
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tubediameterusedfわrthemeasurementofthe

burningrate.AW/Rethermocoupleof0.25mm

diameterwasverticallyinsertedintothebum-

ingtubeagainstthecombustiondirectionand

wasconnectedtoaYokogaWahokusinnAnalyz:-

ingRecorder.

Thecombus也onresiduewasanaly2:edbyX-
raydi肝actionusin8aRi8akurotanexRU-200.
3.Resultsanddiscussion

3.1Thermalanalysis

Fig.1showstheJ'eSultsofthethermalanaly-

sisfortheZncomplexnitrateofCDHandits

stoichiometricmixtureswithvariousoxidizing

agents.n eZncomplexgraduauydecomposed

aftermeltin8at220℃,andthemainreaction
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wascompletedatabout350℃･Thefollowing

smallexothermicpeakwasthenfoundithispeak

mightbeduetothedecompositionoFtheresi-
dueinthemainreacdon.The氏nalresiduewas

thoughttobeZnOfromthefinalweightloss

andtheresultsofheX-raydi肘action.

Inthebinarysystemswithvariousoxidi2iing

a8entS,therewaslittledis也nctionfromthere-
sultsinthecomplexonly.exceptforthecom-

plex/KBrO3SyStem･IntheZncomplex/KBrO3

system.thevigorousexoLhermicdecomposition

tookplaceatalowertemperaturethanthemeIt-

1ngPOintoftheZncomplexIThefinalweight

losswas57.3%,whichwasinconsistentwiththe

theoreticalvalue,42.3%.Thismightbea(trib-

utedtothescatteringofthesampleduetothe

vigorousdecompositionbehavior･

Ontheotherhand,inalltertiarysystemswitb

CuO,仙einitialtemperatureoHhereactionwas

lowerthan themeI也ngpointoFtheZncomplex,

sothatthethermalreactivitywassupposedto

becomehigherwi山theaddidonofCuO･Par-

ticularly,inthesystemoftheComplex/KBrO3/

CuO,theinitialtemperatureor仙eexothermic

peakwasthelowestwiththemostvi80rOuSre-

action.Fromtheseresults,theadditionofCuO

wassupposedtoraisethecombusdonreactiv-

ity.

Fig.2showstheresultsofthetherJnalanaly-

sisfortheMncomplexnitrateofCDHandits

stoichiometricmixtureswithvariousoxidizing

agents.TheMncomplexgraduallydecomposed

aftermel血gat200℃,andthe丘nalproductwas

MnO.nefhalweightlosswas84%,beingcon-

sistentwiththetheoreticalvalueforthemetal-

licJoxideoftheresidue(84.2%).Asforthebi-

narysystem,thesam eresdtsasinthecaseof

theZncomplexwereobtainedin山e也ermal

reacdonwithvariousoxidizingagents.There-

acdonwidldieoxidizingagent,exceptforKBIC3,

wassupposedtoquietlyprogress.Inthesys-

temofth占Mncomplex/KBrO3,theinitialtem-

peratureOftheexothermicreactionwas150℃

withvigprOuSreaction.mefinalweightlossin

thissystemwas80%,whichwasinconsistentwith

thetheoreticalvalueforthemetallicoxideof
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Sr(NO3J2Fig.2DTAandTGcurvesofMn-complexand
mi

xtures山eresidue(58.4%).Inthebinarysys

tem,ex･ceptforKBr03,the氏nalweightlosswa

s65%to70%.beingclosetothetheoreticalvalue

atsto-ichiometriccomposition.However,in

thecaseofSr(NOB)2andKC104,theunreactiveo

xidizingagentwasfoundtodecomposeabov
e500℃.3.2Heatofco

mbustionFig.3givestheheatsofreacdonfor

Zncom-plexnitrateofCDH/oxidizingagent/

CuOme占･suredunderAr.As previouslymenti

oned.noigmitionoccurredwithouttheaddition

ofCuO.lnallsystems,theheatoEcombusti

onhadamaximumvalueatthestoichiomeけic

composi-tion,i.C..oxygenbalance=0.Thec
alorificamountatthestoichiometriccomposi

tionin･creasedintheorderofKNO3,Sr(NO3)

Z,KCIO4andKBrO30ftheoxidiヱin

gagent.Eqs.5-8showthecalor的camountca

lculatedbasedoneqs.1-4asaRlnC也onofA,

inwhichAis血eheatoffわrmationof仙eZn

complex･KayakuGakkaishi.Vd.59.No.4.19
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◆,･xNO3, ◇ ,･Sr(NO3)2Fig.3Heatofreaction
forZn･complexmixtureswithCuOatapres

sureofI.lMPaKC10JCuOsystem ;-5.314-A/74

5.OkJ/i(5)KBrO3/CuOsystem ;ィ.621rA/876.2kJ/

g(6)KNO3/CuOsystem ;14.088-A/781.3kJ/g(7)S

r(NOl)JCuOsystem;-4.392-A/793.2kJ/g(8)Ove

rtherangeof-1000to1000kJ/molofA,theheat

ofreacdonbasedoneqs.5-8increasedint

heorderofKNOB,Sr(NOJ2,KBrO3andKCIO小whichwasinconsistentwiththetendencyof

theexperimentalvalues.Thoughthe血.acdonalde- 20 40 60 8920 (deg)Cu-KcL

compositionmaybelowinthemixturesystem△,･zno
,●,･RClt0;Cu201◆,･KBrwithKCIO小thediff

ractionpatternofunreac-tiveKC1049)07ig.
4)couldnotbeidentifiedinthecombustionresidue.FurthermorqaSSho

wninFig･4.CuOmaybereducedtoCu20inso

meoxidi2:ingagents.B

utthiswasdifficulttobeidentified,becauseofthesma

lldiffracdonpat-tem 9)ofcopperoxide.Inanyease,therever
seoftheheatofcombus也ontodleCalculatedvalue

cannotbeunderstood.Ⅰ

nthemkturesystemswithKN

O3andSr(NO3)2,thecarbonate9)wasformedby
theproductionoECO…andlち0.Fortheheatofcombustion
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5BtlrningrateforZn-compJxmi
xturesata
pressureofI.IMPa

busdonbuton lymeltingmightoccurinthevi-

cinityoftheigni也onwireduetothelackofa

Calorificamount.
3
.
3Burningrate
Fig.
5gi vestheresultsoft

helinearburnlngrateforvariouscompositionsfortheZncom

-plex･Theburningra

tehadamaximumvalueatastoichiometricoompo

si也oninanysystem.necomposidondependencewas

slightinthreesys-tems,exceptforthec

omplex/nrO3System.nemaximumbumin旦rateint

heZncomplex/KBrO3systemwasremarkablyhigh

ercomparedwithotherones.nemuchhigherbum

ingratethanonein'othersystemsseemedtobe

causedbythemuchhigherreac也vitybasedont
heresultsoEthePTAcur

ves.Thiswasdsoconsistentwiththeresults

oftheheatofcombus也on.Thebum-ingtemperatu

redecreasedintheorderofthesystemwidl
K臥03,ⅠくC10landSr(NO3)20rmO3.(1600℃,1

500℃and1400℃).Fig.6showsthepressu

redependenceoftheburnlngratesataStO
ichiometriccomposidon.Table3Showsthe

constantaandthepressureexponentnestima
tedbasedonVieule'sequal也on(Ⅴ-aPn)･Und
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7Burningratecharacteristicsofstoichio･me

tricmi幻llreSOfMn･complexTable4Constant
aandpressureexponentnOfburnlngra
teforMn-complexofsto-ichiometricco

mposidon (0.B.=0)wasthehighestofallthe

systems,unlikethecaseoftheMgandZncom

plexes.Becausethetendencyofobtainedres
ultswasconsistentwiththatoftheheato

fcombusdon;theburningrateintheMncompl
exseemedtobegovernedbytheheatofcombustion.Thi

stendencyalsoagreedwiththatofthebu
rningtemperature,whichwas1800℃inthec

omplex/KC104Systemand1600 ℃intheothers

ystems.mepressureexponentwasthehrgestin

theMncomplex/KCIO-system,andnoigni

tionandcombustionoccurredunderatmosphericpresstJre.
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カルポノヒドラジド金属錯体硝酸塩の熟挙動(第5報)

一亜鉛錯体及びマンガン錯体と酸化剤混合系の燃焼反応一

秋書美也子書,木之下元',平田哲正川

中村英嗣●,原 審毅●

自動車用エアバックのガス発生剤として.前報に引き続きカルボノヒドラジドの亜鉛及び

マンガン錯体硝酸塩について,その性能を評価する目的で,過塩素酸カ1)ウム,臭素酸カ1)

ウム,硝酸カリウム,硝酸ストロンチウムなどの酸化剤との混合物の熱分析及び燃焼熱,燃

焼温度や燃焼速度の測定を行い,それらの燃焼反応性につuて考察した｡

両錯体とも臭素酸カリウムと混合するとき,最も低温で,しかも激しく反応する｡亜鉛錯
体の燃焼性を向上させるために添加したCuOの効果は,熟分析のような穏和な加熱条件下

で大きい｡

亜鉛錯体に関して,CuOを10%添加した種々の敢化剤成分との化学量論比混合物の反応

熟は,KBrO3>KCIO4>KNO3>Sr(NO｡)2の屑になり,計算値は,前2着に関して逆の結

果となった｡またKBrO3系の燃焼速度が大きく,酸化剤の比校では反応熱の塀に大きくなっ

た｡燃焼温度も同じ屑に高くなり,この系の燃焼速度は,反応熱及び反応速度が支配的とな

ることが分かった｡

一九 Mn錯体では反応軌 燃焼速度ともにKC10.>KBrQ,>KNO,>Sr(NO,)2の順番

となった｡この系の燃焼速度は反応熱が支配的と考えられる｡しかし,KCIO.系の圧力指数

が大きく,常圧下では着火しなかった｡また,硝敢カリウムの混合物では,本実験で行った

着火法では燃焼させることができなかった｡
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