
Sci.andTech.EnergeticMaterials.Vol.64.No.4,2003 145

1rtfcle
-:i､IlT■日.一 .

●
ThesynthesisofZincplCrateS

MakotoMatsukawa,TTakchiroMalsunaga,Ken-ichiMiyamoto ,Mjtsuakilida●■,

MasatakeYoshida'■,HirokiMorinaga',andShuzoFujiwara

PicricacidiskrLOWntOreactWithmetalsloformhighlyunstab1cmetallicplCra(es,Whichareknownlohave

beeninvolvedirLSeriousexplosiveaccidents.Inthisstudy,zincpICra(esaresynnesized斤omzincpowder,

zinccarbonateandzL'ncsulfhte,andthelhermodynamllcandexplosivepropcrtlesorthedllfrerentcompoundsare

cxamined･Differentialscann]ngcaLorimetryresultsrevealLhaldecompositionofzincpLCralebeginsatalower

temperaturethanpLCrICacid.¶1CheatofdccotTIPOSitionofzincplcratcwaslowerthan(hatofpicricacid.Zinc
plCra(ewasconfirmedbytheTmaLgravimcLricarLalysISandKarlFischcranalysistocon(aimcrystallineH20,and

todehydratestepwisewithincreasLngtCmPemture.ExperimentalresultsshowI)latthezincpicratemolecules

containapproximatelySIXmoleculesofcrystallineH20.CryslalHncH20dehydrationoccurredbetween330and

500K.Zincplcratewasdehydratedbyheatinginavacuum,Withdehydratedzincpicrateconfirmedtoexhibit

re･hydrationproperties.Activationenergyofexothermicdecompositionwasdeterminedtobe116.0-133.4kJ･

molllandwass]'mllarforallsamp]es･Thezl'ncplCTatCSynthesl'zedirLthisstudyhads1-m)'larchemicalproperties

independentofthesyTtlhcsismcthod･

l.lntrodtJCtion

PicricacidwasusedasamilitarycxpLosivcfrom

worldWarIuntilthecndofWorldWarIIl).Atthattime,
plCrlCacidwasknowntoreactwithnlelalstoformvery

unstablemetallicptcrates,withattemptsmadeto

synthesl･zethesepICrateSbyLeaandotherauthersZH)･

Examplesofaccidentsl'nvotvJ-ngmetallicp)cratesarethe

detonationofmetallicp]cTateaRcramctalfragmcnlfcu

intobumingplmCacid,andpicricacidthatwassplashed

ontoametalsteampIPe,Producingmetamcplcratethat

subscquenttyexplodedwhenstruckl)ITnrecentyears,

onlyafewofthestudiesintomclalLicplcratcstlaVC

examinedchemicalandpyrolechnicpIOPC山csuslng

modemanatytl'caltechn]'ques.

Picricacidisamonovalcntorgan)csa)Ithatdissociates

intooneprotonandonep]crateanioninH.'O solution.
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Whenmcta‖ccationsexistinsolution,thepicrateanions

arcthoughttobondionjcallytothemetalliccationto

formametalHcpLCrate･Otteofthepurposesofthisstudy

wastocstimatcthedifferentplopcrtiesofpicrates

synthesized打ommetalpowderandpicTateSSynlhesizcd

frommc(alll'csaltZ)'ncpICrateSWereSynthes)'zedhy

Lhrccmclhods:reactionofzincpowderwithpiericacid

solution,reactionofzinc(lI)sulfate(ZTtSOl)with

barium picratcso)ution,and reactionofzinc(ⅠⅠ)

carbonate(ZnCO,)withpicTicacidsolution.Asynthesis

reactionisshowninFig･lwheretwopicrateanioTISbond

toazinccaLion.Theproductswcrctheninvestigatedto

dctcTmincifanysimilarpropertiesexisted.Moreover,the

amountofcrystal)ineH!OinmetaIlL'cplCrateiskJIOWntO

innucncccxplosionscnsitivilyl),andthisisanimportant
factorinconsiderationofsafety.1merefore,researchof

crystallineHlOiTIZincplcratcwaspcrformcd.

2.Experimenta一

2.lSynthesisofzincpicratefromzincpowderand

picricacid

PI'crL'cac)'dobta)'nedfbmKantoKagaktJWasprepared

byrecrystaL]izingfromadejoTlizedH.!Osolution.Zinc

powderwasoblaincdfrom WakoPureChemical

lrLdustrics,Ltd.andwasuscdwithoutmodification.



146 Sci.andTech.EnereeticNaterials.Vol.64.No.4.2003

2HO賢NO2 ･

zn2◆ - . 02日

薫 zno:>
Fig･1zincpICrateSyTtthesisequation･

Dcionizcdwalcrwasusedasasynthesissolvent.

Piericacid6gwasdissolvedindcionizcdH:0(500

mL)toproduceasaturatedpicricacidsolution.Zinc

powder(under45fLm:20a)wasaddedslowlytothe

saturatedpicricacidsolutionandthemixturewasstirred

fortwohoursatroomtcmpcraturc.As thereaction

progressedtheco)orofthesolutionchangcd斤omyellow

toblown.Thercactcdso)utionwasfiltered and

pICCipiLatcortheunrcactcdzincFK)Wdcrwasseparated.

Fi]tratewasheatedandcondeTISedLJntiLtheqLJanLltyOf

theso一utionrcachcdapproximately200m]andthe

solutionwasthenpouredintoaplasticvessel.An

indistinctprecipjtatcwasconfirmed iTtCOndensed
soltJtion.TTleSOlutjonwasthtJSlhoughLLocotllaitl

microscopICZincco]Loid.Thesolutionwasdriedbydraft
vcnLilaLionandabrowncrudecrystaLwasoblairled.This

was(hendisso)vcdinabout300mlofacetoneand

impuritieswerercmovcdbyfiLLra(ion.Arefinedproduct

fromwhichinsoLublcimpuritieshadbeenremovedwas

obtainedbydryingtheacetonesolution.Thesynthesized

zincp]cratcwasthenaddedtodichloromethane2000ml

toremovep)cricacidasacontaminanLUnreactedpjcric

acidwascxtTaCLCdasafilLratc;).Theresultofthe

synthesisproccdurcwas5.68goffinalproduct.

2.2SynthesisofzincpicratefromzincOl)Sulfateand

bariumpicratesolution

ZincpLCTatCWasSynthcsizcdusingbaTiump)crateaS

anintcrmcdiatc.BariumplcratcwaspTePaTCdfromPICTIC

acid-saturatedsoltJtionandbarium carbonate,with

unrcactcdbariumcarbonateseparatedbyfiLLration6㌧The
solutionwasthencvaporatcdtodrynessLoproduce

bariumpICratCCryStals･Bariumplcrate1%solutionwas

preparedbydissolvingtheobtainedbariumpICraLCin

dcionizcdH!0.Zinc(II)sulfate(ZnSO4)wasaddedto

thebariumpicratcsolution(500ml)andstirredfortwo

hours.Bariumsu)ratewasfiLtcledandseparatedasa

by･prodtJC10rPrCCIPltation.¶lerlllratcwaspouredintoa

plasticvcsscl,driedbydraftvcntilation,wJ'thayellow

crystalobtainedastheproduct･Thiswasrefinedusing

NO2 + 2H̀

(hcmethoddcscribcdinscclion2.I.ALolaLof3.2gof

productwereoblaincd.

2.3SynthesisofzincpicratefromzJ'ncOl)carbonate

inpicricacidsolution

Aquantityofzinc(Tl)carbonatecorrespondingLo

completereaction,aboutl･3g,wasaddedlo500mlor

picTicacidsolution(l%)andthemixturewasstirredfor

twohoursatroomtempcTaturC.Bubblesweregcncrated

inthercaCt]ngSOLution,andthesesccmcdtobcQTbon

dioxideby-product.AflcTreaction.thesoILJtionwas

rILIcrCdandurtrcactedzinccarbonatcwasseparatedasa

rcsiduc.ThefiLtratcwaspouredintoaplasticvessel,dried

bydraftventilationandaycL]owcrystalwasobtainedas

theproduct･(bn(aminatjonbyunreactcdpicrjcacidwas

cLimina(cdusingthemcLhoddescribedinsection2.1.A

to(alof5･48gofproductWasSynLhcsizcdinthisway･

2.4AnalysisMethod

Difrcrcntialscanningcall)rimctryanalysjs(DSC)was

usedtocharacterizethethermodynamicpropertiesofttle

pr∝lucl.DSCmeasuremenlsWereConductedonaTA

InstrumentsDSC2920.Deviceparameters,endolhermic

valucsandmeltingtempcraturcswerecalibratedwith

respectLofusiorLtemperatureandtheendolhermicheatof

ftdonofindium.TT]csamplewassealedinaAu

evaporatedaluminumcrimpcclLandloadcdintoLhc

apparatus,whichmainlainsa3MPanilrogcngas

environment.Ana]ys)Swasperformedonsamples

weighingapproximate)y0.5mgalaheatingrateof

10K･min1･TT1cmCasurcmcntmngcwashmroom

temperature(about298K)10823K.Measurements

werealsoconducICdalheatingralCSOrI,2,5,)0and20

K/mintoevaluateactivationcncTgy.

Thermalgravimclric(TG)analysiswasperformedLo

determinethecrystamncwalcrcontentoftheproducts.

MeasurcmcnlswcrcconductedtJSingaTAInstrumenls

SDT2960 simultaneous thcrmal gravimclry and

differcnLiallhcrmalann)ysis(TGIDTA)instrument.TTle

apparatuswasflushedbyArgasflowingatatmospheric



prcssurcduringmcasuICmCntS.Samplcweightwas

approximiltCly10mg,andheatingratewasH)K･minーl･

Cryslamnewatercontentwasalsoinvcstigatcdbythe

KarlFischcrmethodusingaMetrohn1758KFDTitrino

叩Paralus.Ricdc]･deHacnHydranalComposite5was

usedWMIKarlFischcrlCagCnt.andthemachinewas

calibralcdusingapproximatc]y30fLLordcionizcdwater.

X-rayfluorescenceanalysISWasCmPtOyedtodetermine

themetallicelementsjntheproduc(～.Mcasurcments

wcrcconductedusingaShimadzuXRF-I500wavc]cngth

dispcrsivex-rayftuorcsccnccspectIOmetCrhavingaLiF

crystalandLatticeconstant(2d)of4.0267angstroms.

MoLccularformsoftheproductswcrcanalyzcdby

Fouricrtransforminfrared(FT･IR)spccLroscopybythe

KBrmethoduslngaShimadzuFrTR-8200pc.The

3004
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7measuremenlrangewaschosenlobebelwccn400

and2000cmLtoavoidinfluencesfrommoistureint

heair.3.Resultsanddiscussion3.1Thermalanalysis

ThcrcsultsofDSCana]yslSarcShowninFig.2and

Tab]cIIExothcrmicdccomposiLI'onofzincplCTalcsta

rlcda1480K1500K,WithtwocxolhenTlicpeaksobsc

rvcdaLapproximately550Kand590K.Decomposition
startedatapproximatelySlOK,一owerthantheappro

ximately540Kro†PICTLCacid.Moreover,theexother

micbeatrc]casedfromzincplmteWas360014200J･g-I

,whichis一essthanappmximalevalueor5400J･gーlbrp

ICrICacid.But,roughestimateofexothermicheatofzinc

picratcignoringzincatomicweight,wasaboLJt4950-

5770∫･g]･Exolhcrmicdecompositionbehavio

rsofallofthesamJ)lcswcrcverysimilar,

su鎚eSLlngthatsimilarrcactionso∝urinallofthedecom

posltlOTtS.TG-DTA ana一ysisresultsarcshown inFig.3.

Immcdjatc)yaflcrsynthesisoftheerystals,cTySt

allincwaterpropcrticscanpossiblybechangedbyrcfinem

enl.llluS,thesynthesizedsample,whicTldiss01vcd in

dcionizedH:0,wasrccryslaltiZCdarLddriedinv

acuumat298Kfor24hours･ResultsofTG-DTAof

zincp]cratesrcvcaledttlatCndolhermicphenonc

nonaccompaniedwciBhtredtJCtion･Theweightredu

ction occurredgraduaIlyfrom approximately330K,and

cndcdaLaround470K-500K･TG-DTAresu】tsforplCTlCaci

dcxhibitcdancndothcrmicpeaka1390K.whcrcasweig

htreduc(ionstartedatabove430K･Thus,weightreduc

tioncotJldnotbeconnrmcdatthesamelempcraturcast

hecndothcmicpeak.TTleendolheTTnicphenomenonobs

ervedinplc-lCacidindicatedmeltingofpicri

cacidcTyStal,whercastheweigh

treductionatapproximately430Kwasthoughtto bc

eitherdecomposition and/orevaporationofthepie-icac

id7㌧Thccndothcrmicpbcnomenonobserved



148 Sci.andTech.EnergeticNateriaJs.Vol.64.No.4.2003

伽

始

的

ぬ

(tJ
亡ヱ
OrLPや
こ
き

o
N
L

Iヽヽヽヽ一､. C､J.
ヽヽヽヽ
､.､

B､一､--へ■1,-,I....､
/ A!一､.--.～.

DA___.E)-～~-一㌧ 一

一一､-､:∫､ ′一■､●′I.一一-.-.一一一.､ ､-■ ′-′一■..J .-..

.-.-.ーC､､＼､--.I,--I--I.-._-:_.._..,._..._..-..-D一一.-.I.,■一一.一.■一一■一L-一LLl,i

,I一▲.一■ ､250 300 350 400 150

5dO 550Tenpe

rALtJreDdFjg3TGresultsforzincplcrateatroomt
emperature(approximatel

y293K).A)synthes]'zedfromp]Lcrkacidandzt'nc
powder,a)synthesizedfromban'umpicraLeandzincs
ulfate,C)synthesizcdfromp]cncacidandzl'ncmTbo
naLe,aJldD)p]rcricacid(JhNTO

Kagaku).endolhetTnicpeakinzincpICraLeappearedat

diFfcrcnttempcraLuresinDSCandTG-DTAresults.

Thereasonwasthedifferentsampleconditions,aslhcsam

p一ewasinacrimpedcellandunder3MPapICSS

urCinDSCmcasurements,butinanopencellandata

tmosphericpressureinTG-DTAmcasu

rements.3.2Molecu一arformofzi

ncpicrateneresutlofX-raynuoresccnccanalysis,O

btainedbyLipspectrumcrystal,revcaledLhaHhepr

oducLsfromeachsynthesismethodhadref)ectionpatter

nsat37.5degreesand4L.8degrees,assTIOWninFig.4.

1mcscarcthecharacteristicXraypaltcnlSOfzinc,and

arccausedbythepresen∝ofzincineachproduct.Ren

ectjonsatapproximately18degreeswcrcCausedbyrho

diumbeingusedastheX-raytubefilament,whi一ercn

cctionsatapproximately86dcgrceswereduetothei

nnuenceoftilanium 舟om thesampleTIOlder.Bari

um wasnotdetectedinLhcsamplesynthesizedhmbari
ump)crateandzin

csulfate.AdsorptiorLOfI270cm-LintheFT-]Rresults

,ShowninFig･5,indicatebondstretchingbetweenaphcnyLgroup

ゝ

1

!Su
a
lu
l

OOudqLOSqV Zn

+PicricAcidl ZnS

O.+Ba-picrateZnCO3

+PicricAcidl l 一 l20 40 60

80deg.Fig･4X･rayfluo
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Table2KarlFischerana)ysisrcsultsforzincplCrate.

wder+PicーicAcid ZnSOI+Bariumplcrate ZnCO3+Picri

c16.l% 17.5% 1

7.0%5.6

6.2 5.9andanoxygenatom.Furthermore,absor

ptionsatapp-oximatelyL330cTn~land1560cm-Lsu

ggestN-0bondstretching･Thepeakat13t5cmJl,which

aPFM:a-CdtobecausedbypicTicacid,disappearedinzinc

plcTate,indicating0-Hbondstretchingoflhcphcno]g

roup･TheresultsofFr-]Rofzincp)crateandpicTicacidwcr

cvery●ヽsimilar,andzincpICrateWasthcrcroICCStima

tedtobesimilarinmolccuLarformtopLCricacid.Simila

rTCSultshavebeenoblaincdinpreviousstudics抑 ofiro

np)crateandcopperp

Lerate.3.3CrystaMnewaterinzin

cpicrateCrystaHincH:0amountsTCSuLLsarcShownin

TableI･1lleWCigbtorthesamplefromplcncacid

andzincpowderwasreducedbyI7･9%.thatofthcsampl

eofzinc(I))su]fatcandbariumpicTatCWasreducedb

yI7.4%,andthalofthesampleofzinc(lT)Calbonatca

ndpicricacidwasrcduccdbyI7.0%.TTIeSCrCduclionsc

oTTCSPOndtoabout6motcculesofH,0.71lCSCSamplesw

crcLhtJScstimatcdtobchcxahydratehmrcsLJItso

fTG-DTA-Ka-)FischcranalysisresultsarcshowninTab

le2･H,0contcnLOfthesamplepreparedfbmpICricacid

andzincpowderwas16.1%,thatofthesamp)cor

zinc((I)su)faLcandbariumplcTateWasI7･5%,andth

atorthesampleofzinc(tI)carbonatcandpicTicacidwas

17.0%.TTtescamountscorrespondtoabout6mo]ccu)c

sofH20･Thus,thesesamplcswereestimatedtobche

xahydratcfromICSu]tsofKarlFischer

ana)ys)S.Theresultofcrystallinewatercontentanalysi

sforthesamplesynthcsized斤omp]cncacidandzin

cpowder,cxhibitcddisagrccmcnLsbetwccntheresultsorthcrmat gTaVimctricana)ys]sandKarlFischeranaly

sis.1¶issuggeststhatthemeasurementsbmthcrma)gr

avimctlicanalysiswcrcnotonlymeasunngthedehyd

rationofcTySLallinc water.Weigh(reduction,

apad 斤omdehydration,wasthoughttohavepossiblybe

enduelodetachmentofsolvate,whichisthoughtto

havebeengcncraLcdbyrefinementbyacetone,decompo

sitionofsampleandsoon.TTlcsamplethatwassynthcs

izcdh･omplcrlCacidandzincpowderexhibitedan

obviouslydiffcrcntouterappearartce(otheottlerSamp

les.TTlereasonforthiswasthoughttobemicroscopIc)m

puritics,suchasunreactcdmaterials,whichwcrcnotr

cmovcdbyrefiningbutrcmaincdinthemolecularst

TuCttJre.]nthercsu)tsshowninTTables1and2,thequ

antityofcTySLalLincwalcrdiFrcredslightlytJnder

thesameanalyticalconditionsforeachsynthesismet

hod.FromobscrvalionofTGcurves,weightreduc(iono

fsamplespICParedfbmbariumpICmle+zincsulfatea

ndpicTicacid+zinccarbonatcexhibitedclearsteps,b

utweightlCductionofthesamptcpICParedfbmPICTIC

acidandzincpowderexhibitedasmoothstep･1mus,the

di触renceincTyStaLLincH･OadsorptioTICOnditionswasstl
rmisedtobcpartlyduetodifferen∝sirLSynthesismet

hods.ThecxistcnccofmicIOSCOPLCImpuritiesatmolecu

lar]cvelattd/Orsolvatc,asmcntioncdcar)ier,wasthough

ttohavectlangCdcTyStaIlincH20cond

itions.3

.4YieldTTablc3Showsthesynthesisyieldsofzinc

plCTatC.CrystallineHIOwascalculatcdbytlSeOftheKar

lFischermethodin

Table2.Table3Catculationresultsofyicld(basedoncrysta]LincH!O

amount).･_-･1

..-I;･. E'cryslallincH:0valuewasobtainedfromTable2,KarlFische
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TC叩OratLWOlK]Fig.6TGresultsforzincpICrateaRerdry
inglnVacuum(under133Pa)at393Kfわrfわurhour

s.A)synLhesl.zedFromFn'cn'ca

cidandzincpowder,B)synthesiz
cdfromban'umplmteandzincsulfate,andC)sy

nthcsizcdfromPicricAcidandzinccarbonatc.Thcr

csullshowsthatthesamp]C,whichsynthesizedfromP

]CItCacidandzinccarbonate,wasofhighestyield.butthesample,whichsynth

csizcdfrombariumpICrateandzincsulfa

lc,ofloweslone.3.5Dehydrateofcry

stalIinewaterZincplcratcwasdchydraLcdunderLhc

condilionsdescribedbelowinavacuumchamber,anddehydrati

onpropcrtICSWereCOnrlrmCd･TT]esameparameterswere

usedasinpTCViousstudiesthatanalyzedironplcratcan

dcopperp)cTatenn･1)393K,4hours,vacuum(unde

r133Pa)2)473K,Ihour,vacuum(underI33Pa)

TTtcrtsultsof1℃rorsamplesdehydTatC
d
usingthe

parlrne LcrsaboveanshowninFigs.
6aJld7,an

dTable1.
¶c

sampleswcre00nfimldtobcalmostcomplctcLydchydmtcd.
SimilarresultswcrcobtainedjnstudiesorironpLCmLe

andcopperplcratc…,whichwcrcalmostdchyd-atedby
dryingusing thesamepararnctcrs･
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thesizedfrt)mpicn'cact'dandzincpowder,8)syTl
thcsizcdfrombariumpICTatCandzincsulfate,aJldC)synthesizedfrompIkricacidandzinccarbonatc.
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TtlmPerZ)tLJre【K)FiB18TGrcsultsfo【zincplcratc
aRcrre-hydrationinawatcrdcsiccaLorforfourhours.

A)synthesizedfrompicn'cacidandzincpowder,
a)

synlhcsizedfroTTlban'umF)leratCandzincsulfate,and

C)synthesizedfrompICr]CaCt'dandzinccarbon

aLe.3.6ReJlydrationofcrystamnewa

terZincpICratCdchydraledbyaforementionedeondiLio

n3.42)wasusedfor
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Tab一e5ResultsofTGanalysisofzincp)crateaRerre-hydratingforfourhoursinawaterdesi∝ator.
Zincpowder+PicricAcid ZnSOl+BaritJmPlCrate ZnCO3+PicTicAc

idVejghtreduction 9.7% 7.6%
9.2%H.OmoLccules 3.1 2.4 2.9HI

Odcsicc

atorfordh.roomtcmpcraturc(approximately293K)for

fourhours,andlhcnanalyzedbyTGanalysis,wilhlhcr

csu]tsshownFig.8andTablc5.AweightrcdtJCtiono

f7.6-9.7%,correspondingto2-3moleculesofH:0,wa

sconGTTTledbythcsc rcsuttssuggcstlngpossib]cre-hyd

ration.ZincpICratCcontained2-3molcculcsofH:0as
rc-hydratedH:0molccLJIcsf

romwetair.TTlcscrcsullsshow thatzincpICTatC

IC･adsorbcdcTyStamneWaterafterdehydration,butthe

qLJantityofTC･adsorbedwaterwaslessthansamplesdrie

dat25deg･invacIJumanCrrCCryStallizationfromH'0.

[naddition,theformofweightrcdtJC(ioTICurVeSfor

samplesaRerre･ads叩tionofcrystaILl'ncwater(Fig.8

)diqercdhmthoseofsamplesbcfo-cdchydmlioTt(Fig.3)

,suggestingthatcrysLa]Lincwaterconditionswcrc

di胞rbetweensamplesbcforcdehydrationandsamplesaRerr

e-adsorptionofc-ystamncwatcr･ThestudyofTakahasbiL

n)confirmedthatdi触rentweJ'ghtreductionCUTVCSWere

ObtainedforsamplesaRcrrchydmtionofcryslaILincwater

andsamplesbcforcdcbydraLion.ThisstJggCSIsthatrchy

draLcdwatermo一eculesadsorbontodifferentpositionsto

theoriginalpositionspr10rlo

dehydration.FrommcasLJrCmCntrCSuLLsofFig･3,

ZincpLCratesynthesizedbythedifferentmethodsap

peartohavedifferentforms,indicatingthatthezinc

p]cTatChaddi脆rcntweightrcdtJCtionphcnomcnon,andas

theresultsinTable4show,Lhccrystallinewateram

ountdiffersbetweenthesamplesbcforcandaRcrrc-hydr

ation･¶leSCphcTIOmenaSuggestthatthecrystal]incwa

terdocsnothaveafixedposition,andadsorptionpo

§)tLOnSWeTCinnuenccdbycxtcTnalfactorsandhydralionhi

story･Thus,difrcrcnccsinc†ystallincwatercontents

betweenthediffcrcntsynthesismethodsweretTIOught

tobeduetodim:rcn∝sinlhcadsorplionconditionsofthecrys

talhewater･Furthermorc,zincp]cratccrystalwasdried

at298Kinavacuumwhenpcrforrnlngthcrmalgravimct

ricanalysismcasuICmentS,underwhichconditionsthe

crystalwasLransparCntbcrorcdrying,butdcvitrified

aRerdrying･Tllismaybcsimilarlocrystallinecoppersulf

atehydrate,wTlichisknowntodevillifytolosecrystaI]inityby 1

.4

1.2

1.0

0.8

辛.S
OI6

0.4

0.2

0.0
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TabJe6Resu一tsoftempclatureOrStartOrdecomposition(T")andactivationenergyofexothcrmicdccomposition･

ZnCO3+PicricAcid

482.8K

491.7K

SIS.7K

522.9K

536.lK

116.0kJ･mol-I

Hea巾grate Zincpowder+PicricAcid ZnSO4+Bariumplcralc

rlK.minーl 477.3K 48

3,9K2K.ninl 4&3.2

K 492.1K5K.minー1 49

6.4K 507.OKlox.min一l

513.OK 513.2K20Kーmin

一l 526.2K 530.2KAcLivationenergy L2L

4kJ.moll 133.4kJ.morlTheDSCresultsmeasuredatIK

･minJl,2K･minl,5K･mini,10K･min-J,2OK.mi

n-I,andthetcmpcmLurcdecompositionstarted(T.,)obta

ined色･omtheexothermiccurveofdecompositiortwere

extmpolatedtog)vcthebaseline.TDWasPIottcdateachhea

tingTalc,andthiswasana】yzcdusingOzawa'Sequation,

asshowninFig.9andTTable6.TheactivationerLCrgyOf

zincpLCratCSWasthusfoundtobebetweerlI16.0kJ･mo

l-land133.4kJ･moL-L,WiththeTeSullsforeachsample

approximatelythesame.Thissuggeststhattheexothermi

cpeakjscausedbythesamereactiortinallofthesam

ples.4.ConcLLISionsFromtheexpcrimcnlaLand

analyticalTCSuLLs,thefouowJnSCO

nClusionscanbedrawn:(1)TheresultsofX-raynuorescc

nccann)ysisprovedlhcexislenceofzitlCinsynthesi

zedproducts,andFT-)RanalyslsICSuILssugg

csICd products having amo]ecularformsimilartopI

Cr)Cacid.n estresultswerethesameregardlessof

synthesismethod.Zincp】mtewasthusshownto

havebeensynthesized.(2)neresultsofthemla]gTaVimetr

icanalysisshowedthatdchydraLionofcTySIallinewate

roccurredstep-by-sLcpat330-500K.Furthcrmorc,

theresultsofthcrma)gTaViTTlelricanalysisan

dKarlFischcranalystsiTtdicatedthatthesamples

containedhexahydralC.(3)crystal)inewaterofzincpi

cratewasdehydratedaL393Kfb∫fわurhoursinava

cuum(under133pa),orat473KforanhouriTla

Vacuum(under133pa),andtheresLJltingdehydratedz

incpJCrateWasablelobere-hydrated.Thenu

mberofre-hydratedH'Omoleculeswasless(banthenumberof

dehydratedmokcules.(4)Theactivationenergyofthedecompositionreaction ofziTICPICrateWasCStimatcd

lobebetween1

16･0-133.4kJ･morI.(5)¶isstudyindiGILcsthatzincpicr

atecanbesyTtthesizednotonlyfromotherpicmtes

(ex.bariunpicratc)orpLCrjcacidandzincsalL,bu

talsoR.omreacLjonofpLCricacidsolutiortandz

incpowder.ProductsofdiFfcrcntsynthesismethodsap

pearedtobcdifferent,butLhcchcmicalpropertiesweresimilar.
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