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　　Abstract:N２ adsorption/desorptionisothermsandporediameterdistributionoftheporousgraphite

nanopowders,preparedbydetonationsplittingtechniquewithdifferentacidcontentinraw materials,were

analyzedusingBrunauerＧEmmetＧTeller(BET)equationandBarrettＧJoynerＧHalenda(BJH)method．Theresults

indicatethatthereexistshysteresisphenomenonintheproductisothermsandthecorrespondingBETsurface
areais５􀆰３~９􀆰２timesofthenaturalflakegraphitewhichisincreasingwiththeacidcontentinrawmaterials．

ThedifferenceoftheBETsurfaceareaamongthedetonationsootismainlycausedbytheporeofwhich

diameterdistributesbetween３nmand７nm．Moreover,theamountoftheporesizeatabout４nmarrivedatthe

maximumafterdetonation．Inaddition,theresearchprovidessorptioncapacityinformationforapplicationand

atthesametimeitalsoprovesthatacidhasperfectimpactonpreparinggraphitenanopowders．
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１　Introduction
　　Graphitehasbeenunderinvestigationfordecades,itisstillascientificallyhighlyinteresting
materialwhichexhibitsthepropertiesbothofametal,suchasthermalandelectricalconductivity,and
ofanonＧmetalsuchasinertnessandlubricity．Moreover,graphitenanopowderscanbeusedasan
additiveoflubricatingoil,which wouldadsorboilandgivebetterlubricateproperty[１]．Tillnow,

graphitenanopowdershavebeenpreparedbylotsofmethods,suchasmilling[２Ｇ３],detonation[４Ｇ６],ultraＧ
sonic[７]andchemicalsynthesis[８Ｇ９]．Eachmethodhasitsownadvantageandshortcoming．Comparatively,
detonationtechniquehastheadvantageofhighＧefficiencyandenergyＧsaving．Accordingly,ithasbeen
usedforgraphitenanopowderspreparationinrecentyears．Wen,etal．[４] synthesized graphite
nanopowdersbydetonating TNT withshieldinggasascarbondioxide,argonandnitrogenorin
vacuum．Li,etal．[５Ｇ６]splitnaturalgraphiteandexfoliatedgraphitetopreparegraphitenanopowdersby
detonationtechnique．Thiskindofdetonationtechniqueutilizedtheuniquestructureofgraphite,the
strongsp２carbonＧcarbonbondingwithinalayerandweakvanderWaalsbondingbetweenadjacent
sheets,andthecarbonhexagonalnetcouldhostanumberofmoleculeswhileitmaintaineditsown
layerintegrity．Thebreakdownoftheintercalatesplayedacrucialroleinforminggraphitenanopowders．

WecomparedthepropertyofporousgraphitenanopowdersviaanalyzingtheBET(BrunauerＧ
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EmmetＧTeller)surfaceareaandporesizedistribution(PSD)andstudiedtheeffectofacidonthe
graphitenanopowders．TheanalysisofthesorptioncapabilityandPSDofthedetonationsootprovides
moreinformationaboutgraphitenanopowdersforthepotentialapplication．

２　Experiment

２．１　Materials

Fig．１　Theschematicofexplosionvessel

　　Naturalflakegraphite(NFG)andexpendable
graphite,concentrated HNO３,(CH３CO)２O,hexaＧ
hydroＧ１,３,５ＧtrinitroＧ１,３,５Ｇtriazine(RDX),２,４,６Ｇ
trinitrotoluene(TNT)．Herein,expendablegraphite
waspreparedusingNFG mixedwith９７％ H２SO４

andfumingnitricacidinavolumeratioof２∶１
accordingtothemethodsreportedintheRef．[１０]．

Theagentswereofanalyticalpurityandused
withoutpreＧtreatment．Threedetonationexperiments
werecarriedonintheexplosionvessel(Fig．１)．

２．２　Procedure
　　Approach１(AppＧ１):Theexpandablegraphite
wasusedasrawmaterialandmixedwithRDXadeＧ
quatelyinaweightratioof２∶３．Then,themixturewasputintoaplasticcontainerwhichwassubseＧ
quentlyputintothecentreoftheexplosionvessel．Andthereactionwasinitiatedbyadetonatorinthe
explosionvessel．

Approach２(AppＧ２):NFG wasusedasraw materialand mixed withconcentrated HNO３,
(CH３CO)２OandTNTinturninaweightratioof１∶３∶０．５∶２．Theobtainedmixturewaspasty．
Thenthepastewasloadedintoaplasticcontainerandwasinitiatedbyadetonator．

Approach３(AppＧ３):NFG wasusedasraw materialandmixedwithconcentrated HNO３ and
CH３NO２inturninaweightratioof１∶５．２５∶１０．１incoolwaterbath(０~２０℃)．TheobtainedmixＧ
turewasliquid．Thentheblendedliquid waspouredintoaplasticcontainerandinitiatedbya
detonator．

Afterdetonation,thesootＧlikedepositswerecollectedfromtheinnersurfaceoftheexplosionvesＧ
sel．TheisothermsofNFGandthreekindsofdetonationsootweredeterminedusingtheBETequation
whilePSDusingtheBarrettＧJoynerＧHalenda(BJH)methodbyAutoChem２９１０(Nitrogenadsorptionat
７７K)．ThermoGravimetricAnalysis(TGA)wasusedtostudythedecomposingtemperatureofthe
mixturesfromAppＧ１toAppＧ３．

ExpandablegraphitewasusedasrawmaterialinAppＧ１,mixedwithRDXandformedanexplosive
powdermixturewhilethemixtureinAppＧ２wasanexplosivepaste．AndtheexplosivemixturepreＧ
paredinAppＧ３wasliquid．

３　ResultsandDiscussion
　　Fig．２showsthatthereexistsorptionhysteresisphenomenaintheN２adsorptionＧdesorptionisoＧ
therms．Herein,hysteresiseffectsobservedinisothermexperimentsarerelatedtotheporestructureof
thegraphite．ThehysteresisloopofthedetonationsootfromAppＧ３isthemostobviousone．Andthe
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Fig．２　IsothermsofNFGandthreekindsofdetonationsoot
(Thelowerbranchofeachmaterialsisforadsorption
isothermwhiletheupperisdesorptionisotherm)

loopsfromthreekindsofdetonationsootwere
allstartedatabout０􀆰４２p０ andendedatp０

whileNFGstartedatabout０．２p０andended
atp０．Becausetheporeofsamesizehasthe
sameproperty,itiseasytounderstandthat
thephenomenonthatthehysteresisloopof
thedetonationsootbecameshorterthanNFG
isresultedfromtheconvergentporesizedisＧ
tribution．Thatistosay,theisothermsalsoreＧ
flectedtherangeoftheporesizedistribution
andindicatedthattheporediameterafterdetＧ
onationbecamemoreuniformthanbefore．

TheporediameterdistributionwasdeterＧ
minedusingBJHmethod．Fig．３showsthedeＧ
sorptionvolumeofthesameporediameter

drasticallyincreasedafterdetonation．AnditalsogavetheinformationthattheincreaseofBETsurface
areawasmainlycausedbytheporeswhosediameterdistributesbetween１􀆰５nmand１０nm．ThedetoＧ
nationsootfrom AppＧ１,AppＧ２and AppＧ３hereinshowsthedesorptionoftheporebelow ３nm
decreasedgraduallybutnotobvious．However,whenthediameterisgreaterthan３nm,acleardistincＧ
tionthatthedesorptionvolumeincreasedatsteepslopepresented．Andatabout４nm,thedesorption
volumereachedthemaximum．Thatistosay,detonationtechniquehasthemostsignificantinfluencein
increasingtheamountoftheporeswiththediameteraround４nm．Moreover,thedesorptionofthe
poresizegreaterthan４nmisallincreasedthoughitmainlydistributedbetween３nmand８nm．

TheBETsurfaceareaofNFGandthreekindsofdetonationsoot,determinedbyBETequation,

arelistedinTable１．

Fig．３　Porediameterdistribution

Table１　BETsurfaceareaofthegraphite

Graphitesource BETsurfacearea/(m２/g)

NFG ８．９２

AppＧ１ ４７．４８

AppＧ２ ６６．５４

AppＧ３ ８１．７４

Itshowsthatthedetonationsootfrom AppＧ１
istheleastincreasedonewhichis５timesofNFG
whilethesootfrom AppＧ３is９timesofNFG,

whichgivestheinformationthatthedetonation
sootincreasedgreatlyinBETsurfacearea．Itisbecausepristinegraphitehasthepropertyofhosting
layersofforeignatomsandformingGraphiteIntercalationCompounds(GICs)．Herein,oneofthemost
remarkablestructuralfeaturesinGICsisauniquecＧaxisperiodicityofthegraphiticgalleriesinwhich
intercalationareaccommodatedandoccupiedgraphiticgalleriesperiodicallyinthecＧaxisdirection[１１]．
Themoregraphiticgallerytheintercalationoccupied,thethinnerthegraphitenanopowdersbecame．
ThepreparationofthegraphitenanopowdersbydetonationisbasedonthebreakdownoftheintercalaＧ
tion,whichgivesofflotsofgasestobursttheadjacentgraphitelayersopenimmediatelyandresultsin
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bigBETsurfacearea．Intheseexperiments,themorecompletelythegraphitesplit,thebiggertheBET
surfaceareawillbecome．So,thegraphiteinAppＧ３beforedetonationownsthebiggestBETsurface
area．Atthesametime,itindicatedthatintercalationincreasedwiththeincreasingacidcontentinthe
mixture．

ThemixturefromAppＧ１toAppＧ３ispowder,pasteandliquorrespectively．Andtheacidcontent
wasobviouslyelevated．Theratiosofgraphitetointercalationoracidinthreeapproachesarelistedin
Table２．

Fig．４　TGAofexpandablegraphiteandGICs

Table２　Ratiosofgraphitetointercalation

Methods Graphitetointercalation

AppＧ１ 　　　　　１∶０．０８

AppＧ２ 　　　　　１∶３􀆰００

AppＧ３ 　　　　　１∶５．２５

TGA wasusedtogetthedecomposingtemＧ
peraturetoprovideproofforthepertinenceof
acid．InAppＧ２andAppＧ３,thedifferencebetween
themistheamountofintercalationhencethedeＧ
composingtemperatureissimilar．Fig．４indicates
thatthedecompositionstartedbelow５０℃andcompletedatabout１６０℃sothatthecompositionof
theexplosivehadnoinfluenceonthedetonationsootbecauseofhighdetonationtemperatureabove
２０００K[１２Ｇ１３]．

４　Conclusions
　　Graphitenanopowderswerepreparedwiththeraw materialsinthreestates:powder,pasteand
liquid．Withthevaryingconditioninthoseexperiments,theacidcontentisincreasing．TheBETsurface
areasofthegraphitenanopowderspreparedbydetonationtechniqueinthreeexperiments were
enlargedwiththeincreasingacidcontent,whichhaslittleeffectontheporesizeamountdistributing
below３nmthroughdetonationmethodwhileithasgreateffectontheporesizegreaterthan３nm,

especiallybetween３nmand８nm．Moreover,theamountoftheporesizedistributingaround４nm
arrivedatthemaximumafterdetonation．
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爆轰裂解法制备纳米石墨粉的吸附性能研究

孙贵磊１,２,李晓杰２,闫鸿浩２,王小红２,江德安２

(１．中国劳动关系学院,北京　１０００３７;

２．大连理工大学工业装备结构分析国家重点实验室,辽宁大连　１１６０２３)

　　摘要:在酸含量不同的原材料中,通过爆轰的方法制备纳米石墨粉,并利用BET方程以

及BJH 方法对所得纳米石墨粉进行比表面积和孔径分布分析.分析结果表明,所得爆轰产物

中有的比表面积大致为天然鳞片石墨的５．３~９．２倍,而且随酸含量的增大逐渐增大,产物的

等温线中存在吸附滞后现象.其中,增大的比表面积主要由分布在３nm 至７nm 之间的孔引

起的,而且在爆轰后,孔径４nm 左右的孔,其数量达到最大值.通过对纳米石墨粉的研究,分
析了酸在爆轰过程中的积极作用,并为纳米石墨粉的进一步应用提供了结构信息.

　　关键词:纳米石墨粉;吸附/脱附等温线;孔径分布;爆轰技术

　　中图分类号:O５２１．２;O３８９　　　文献标识码:A
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