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Abstract:Stereolithgraphynowadaysisoneofthemostcommonrapidprototypingtechniques.Photosensitiveresinsaremainmaterials

inthestereolithographyprocesstoobtainpartswithspecificshapesandapplications.Inthispaper, theoptimizationofsynthesiscondi-

tionsforphotosensitiveresinshadbeenstudied.PhotosensitiveresinswerecharacterizedbytheDSC, TGA, andFTIR.Theresults

showthatthesamplehadhigherthermalstabilityproperties, withthemostpronouncedimprovementsobtainedforthereinforcedepoxy

acrylatespecimens.Therelationbetweenpost-cureshrinkageandthevariousprocessparametersusedintheSLalsohavebeeninves-

tigated.
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Stereolithography(SL) isawidelyusedrapidpro-
totypingprocessandhasbeenusedacrossawiderange
ofindustrialsectors.Thetechniqueisbasedonthe
processofphotopolymers, inwhicharesin, initiallyin
liquidform, isconvertedtoasolidpolymeronexposure
toultra-violetlaserradiation

[ 1-2]
.SLnowadaysis

oneofthemostcommonrapidprototypingtechniques
with4E ( Energy, Ecology, EconomyandExcellent
finishingofradiationcuring).Themainapplicationsof
theSLprocessaretheproductionofvisualprototypes
andmodelsusedintheautomobile, electric, biomedic-
alandaerospaceareas

[ 3]
.Inthispaper, wefocuson

thedirectpolymerizationmethodandinvestigatether-
malstabilityofsample.

1　Experiment

Theresinwasprovidedbyepoxyresinsandacrylic
acidastherawmaterials.Afterepoxyresinswereheat-
ing60℃, acrylicacidwasdropedintoepoxyresins
slowly.Keepthereactiongoingonat100℃ -110℃
untilthePHvalueofthereactantfallsto4mg/gKOH.
Theprepolymerisobtained.

Forthepost-cureprocess, theprepolymerwas
maintainedinaUVchamberandamicrowaveoven
withpowerof1000W, respectively.Aconventionalov-
enwasusedtosubmitthesamplestoanisothermal

treatmentat84℃.Theexposuretimewas60swhen
microwave, ultravioletchamberandconventionaloven
wereusedinthepost-cureprocess, respectively.

2　Resultsanddiscussion

Inordertopredictmoreaccuratelytherateat
whichthereactionoccursasafunctionoftemperature,
thestandarddifferentialscanningcalorimetry( DSC)
methodwasused

[ 4]
.Theaveragevalueobtainedforthe

enthalpyofthereactionoverseveraldifferentialtemper-
aturesscans(anexampleofwhichisshowninFig.1
a) is■H=86.93J/g.Theexothermicpeaksarere-
latedtothecureprocess, i.e.theenergyinvolvedin
thecross-linkingreactionofresinreactivegroups.
Thedecreaseinpeakareaat44.5℃ontheDSCcurves
isindicativeofthethermalpostcureprocessefficiency.
Theglasstransitiontemperatureoftheresinbydynamic
DSCis412℃.Thistemperaturecorrespondstoother
crosslinkingmechanism, whichislesssensitivetother-
maltreatment

[ 2]
.

Differentbehaviorwasobservedinthethermo-
gravimetriccurveforthecuredresinwithonlyonemass
lossstage, asshowninFig.1b.Thermaldegradation
mainlytookplaceabove350℃.Themaximumdegra-
dationtemperatureandthemasslossforthecuredresin
were471℃ and80%, respectively, indicatinghigher
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stabilityforcuredspecimens.

Fig.1　DSCandTGAcurvesforaftersodilfysample

Fig.2　FTIRspectrumoftheresin

TheFTIRspectraofsamplesareshowninFig.2.
Inthebeforesodilfyresinspectrum, abroadbandcor-
respondingtothehydroxylstretchingvibration at
3481cm

-1
, andastrongbandduetotheC-Hstretching

vibrationat2925cm
-1
.Thebandat1725cm

-1
corre-

spondstotheC=O, andthoseat1634cm
-1
totheC=

C.Thebandsat1173cm
-1
and914cm

-1
correspondto

theC-Ostretchingvibration, andthatat760cm
-1
to

theCH2 angulardeformation.Suchbandsareinherent
toepoxyandacrylicgroupsaswell.Theepoxyrings

convertedtoethergroupsduringthecuringprocessrai-
sesthebandat1250cm

-1
andcausesthedisappearance

ofbandsat914cm
-1
and788cm

-1
.Thebandintensity

correspondingtotheC=Coftheacrylicgroupalso
showareductionduetoreticulationprocessasobserved
inFig.2.TheFTIRanalysisshowedthepresenceof
epoxyandacrylicfunctionalgroups, aswellas, aro-
maticandaliphaticethergroupsintheresin.Theali-
phaticstructuregroupsexplainthevalueof412℃ for
theTg

[ 5]
.

3　Conclusions

Polyresinwassynthesizedbydirectpolymerization
method.ThepolyimidewascharacterizedbyDSC,
TGAandFTIR.Theresultsshowsampleobtaineda
highthermalstability, withthemostpronouncedim-
provementsobtainedforthereinforcedepoxyacrylate
specimens.Thealiphaticstructuregroupsexplainthe
valueofglasstemperature.Polymerresinshowspoten-
tialforfurtherresearchintheSL.
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立体光造型过程中光敏树脂的研究
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摘　要:立体光造型是一种应用广泛的快速成型技术, 光敏树脂是光固化快速成型中制造各类形状零件的重要光致凝固

材料。通过实验优化了合成立体光造型用树脂聚合物工艺参数, 并用 DSC、 TGA和 FTIR等测试方法对材料进行了表征。

结果表明:环氧树脂的增强使样品具有更高的热稳定性, 同时讨论了光固化过程中收缩与工艺参数之间相互关系。
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