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Abstract:Poroustitaniumfibermaterialswiththefibersizesof７０－１２０μmindiameterwerepreparedbyvacuum
sinteringtechnology．ThemorphologyandcompressivepropertiesofporoustitaniumfibermaterialswereinvestigaＧ
tedbyusingascanningelectronmicroscope(SEM)andanMST８５８compressiontestingmachineinquasiＧstaticconＧ
dition．TheresultsshowthatporoustitaniumfibersformcomplexmicroＧnetworks．ThestressＧstraincurvesofporＧ
oustitaniumfibermaterialsexhibitelasticregion,platformregionanddensificationregionandnocollapseduring
platformregion．TheyieldstrengthofporoustitaniumfibermaterialsdecreaseswithincreasingtheporosityandinＧ
creasingthefiberdiameter．
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　　Poroustitaniumfibermaterialshaverecently
receivedconsiderableinterestduetonotonlytheir
goodcorrosionresistanceandhighstrength,butalＧ
solowdensity,goodfiltrationandseparationcharＧ
acteristics[１－５]．Poroustitaniumfibermaterialshave
beenappliedtothefiltration,noisereductionby
soundabsorption,electromagneticshielding,high
efficientcombustion,andheattransferenhancement
duetoaseriesoftheirspecialfunctionsresulting
fromtheiruniquethreeＧdimensionalfibrousframeＧ
workandfullyconnectedporousstructure．
　　Poroustitaniumcanbemanufacturedbyloose
powdersintering,addingporeＧforming materials,
organicfoamimpregnationandrapidprototyping,
butthesemethodshavesomedisadvantagessuchas
easycontamination,impurityphases,nonＧthrough
holes,powderparticlesandmetallurgicaldefectsinＧ
cludingcracksandbondＧfreeconnectedpoints,reＧ
sultinginnotensionandevenbrittlenessofporous
titanium materials[６－１０]．Poroustitanium materials
withtheporositiesof４２％－８２％ werepreparedusing
titanium wiresbydifferentwinding methods[１１－１３]．
Theresultsshowedthatthehigherthesintering
temperatureandthelongerthesoakingtime,the

bettertheporousstructure．InthecompressiontesＧ
ting,theporoustitanium materialsexhibitedthe
sameelasticＧplasticbehaviorasotherporousmateriＧ
als．Theporoustitanium materialsalsohadgood
toughness,highstrengthandappropriatemodulus
ofelasticityinthetensileanddistortiontests．Zouet
al􀆰[１４]foundthattheporoustitanium materialspreＧ
paredbysinteringusingtitanium fiberhad high
strength,excellentbiocompatibility,corrosionreＧ
sistanceandloadＧbearingpropertiesasmedicalimＧ
plants．TheconnectivityofthreeＧdimensionalporous
structureenabledthebonetissuetogrowinwards,
whichattractedmuchattentionofscientistsinrelatＧ
edfields．Itwasdifficulttotesttensilepropertyof
poroustitanium withhighporosity,socompresＧ
sionpropertieswereusedtoresearchthemechaniＧ
calpropertiesofporoustitanium．However,meＧ
chanicalmodelunderuniformcompressioncannot
beappliedtoporoustitaniumfibermaterial．Sothe
researchofporosityisverymeaningfulforthecomＧ
pressive mechanicalproperties．Through the reＧ
searchonthedeformationprocessofporoustitaniＧ
umfibermaterial,theinfluenceofporosityoncomＧ
pressionpropertiesofporoustitaniumfibermateriＧ



alswasanalyzed．
　　Inthepresentstudy,theporousmetalmateriＧ
alswerepreparedusingpuretitaniumwireswithdiＧ
ametersof７０－１２０μmbyvacuumsinteringtechＧ
nology．Theeffectoftheporosityofporoustitanium
fibermaterialsontheircompressivebehaviorswas
investigatedthroughquasiＧstaticcompressiontests．
Ascanningelectronmicroscope(SEM)wasapplied
tocharacterizetheporemorphologyoftheporoustiＧ
taniumfibermaterials．

１　Experimental
　　Puretitaniumfiberwithdiameterof７０－１２０μm
wasusedastheresearch materials．Thechemical
compositionoftheasＧreceivedmaterialsinmassperＧ
centisshownin Table１．Titanium fiber witha
meshstructure was moldedandthensinteredat
１０００－１３００℃for１－２hinavacuumsinteringfurＧ
nace(vacuumlowerthan１０－２Pa),followedbyfurＧ
nacecooling．Theporositieswerecontrolledinthe
rangeof４０％－８０％．EffectsoftitaniumfiberdiamＧ
eters,sinteringtemperatureandporosityoncomＧ
pressionpropertieswerestudied．

　Table１　Chemicalcompositionsoftitaniumfiber　mass％

C N H Fe Ti

３ １ １􀆰４ ２ ９２􀆰６

　　Theporosityofmaterialscanbecalculatedby
directweighingvolumemethodusingtheformulaas
follows．
　　　　P＝１－m/Vρs (１)
where,P,m,Vandρsaretheporosity,mass,volＧ
umeanddensityofporousmaterial,respectively．
　　Thecontentsofoxygenandnitrogeninporous
titaniumfiber materialsbeforeandaftersintering
weredeterminedbyaTCＧ６００oxygen/nitrogendeＧ
terminator．ThemorphologyofporoustitaniumfiＧ
bermaterialswasobservedusingaJeolＧJMS６４６０
scanningelectronmicroscope．ThecylindricalspeciＧ
menswithadiameterof５ mmandalengthof１０
mmwereusedforthecompressiontests．ThecomＧ
pressiontestswereconductedonanMTS８５８comＧ
pressiontesting machinewithcompressionrateof
０􀆰５m/minatroomtemperature．

２　ResultsandDiscussion
　　Fig􀆰１ (a)showsthetypicalappearanceofthe
poroustitaniumfibermaterialssamplewithporosity
of６０􀆰２％ beforecompression．Figs􀆰１(b)to１(d)
showthemorphologyaftersintering．Itcanbeseen
fromFig􀆰１(b)thattheporesstructuresarevery
complexandfabricＧlikedistributionwithcrossconＧ
nectionsbetweenthefiberswhichfurtherform many
sinteringpoints．AsshowninFigs􀆰１(c)and１(d),
theporesofmaterialsmaybesurroundedbythreeor

Fig􀆰１　Typicalappearanceofspecimenbeforecompression(a)andSEMphotosofporoustitanium
fibermaterialsample(b),(c)and(d)

moretitanium wires with crossＧconnected points
whichcanformsinteringpointsaftersintering．A
continuousfiberskeleton maycontain manysinteＧ
ringpointswhichareimportanttothemechanical
propertiesofmaterials．
　　ThetypicalcompressivestressＧstraincurveof
poroustitaniumfibermaterialisshowninFig􀆰２．It
revealsthreedeformationstageswithinthewhole
regime．Thereisalinearelasticregionundervery
smallstrainandthisregimeisidentifiedasstageI．
Oncethestrainreachesthecriticalvalue,alarge
yieldplatformregionappears,whichisdenotedas
thestageII．ThisisthenfollowedbyconsiderablyinＧ

creasedworkＧhardeningrates,definingthestageIII,
i􀆰e􀆰,thedensificationregion．ThecompressivestressＧ
strainbehaviorofporous metalfiber materialsis
similartothatofporousfoammetalmaterialswhich
iscomposedofthreestagesincludingelasticregion,
platformregionanddensificationregionbasedonthe
GibsonＧAshbytheory[１５]．Thelongerplatformregion
inthecurveindicatesthatporousmetalfibermateriＧ
alshavestrongabilitytoabsorbenergy．
　　InordertoanalyzethechangeofoxygenandniＧ
trogencontentsintheporoustitaniumfibermateriＧ
alsbeforeandaftersintering,theoxygen/nitrogen
determinatorwasused．Theresultsshowedthatthe
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