
　
第 46卷　增　刊

2007年　6月

中山大学学报 (自然科学版 )

ACTA　SCIENTIARUM　NATURALIUM　UNIVERSITATIS　SUNYATSENI
Vol.46　Sup.
Jun.　2007

　

CrosslinkingofPoly(propylenecarbonate) by
PeroxideCrosslinkingAgentDicumylPeroxide(DCP)

①

WANGXL
1
, MENGYZ

2
, LIRKY

3

( 1.KeyLabofRubber-plastics(QUST) , MinistryofEducation, QingdaoUniversityof

ScienceandTechnology, Qingdao266042, China;

2.SchoolofPhysicsandEngineering, SunYat-senUniversity, Guangzhou510275, China;

3.DepartmentofPhysicsandMaterialsScience, CityUniversityofHongKong, 83 TatCheeAvenue,

Kowloon, HongKong)

Abstract:Thegelcontent, glasstransitiontemperature(Tg), tensilestrength, andelasticmodulusofcrosslikedPoly (propylene

carbonate) (PPC) wereinvestigatedusingmodulateddifferentialscanningcalorimetry(MDSC) andtensiletesterrespectively.PPC

canbecrosslinkedbyperoxidecrosslinkingagentDicumylperoxide(DCP) andinasolutioncastingandheatingprocess.Theconcen-

trationofDCPshowedagreatinfluenceonthecrosslinkingofPPC.ThecrosslinkingofPPCresultedintheincreaseingelcontent、

mechanicalstrength、 elasticmodulusandTg.Theoptimumofmechanicalpropertiesmaybeattainedat1% DCP

Keywords:Polycarbonate;Crosslink;Dicumylperoxide;Triallylisocyanurate

CLCnumber:O63　　Documentcode:A　　ArticleID:0529-6579 ( 2007) S1-0004-03

　　

1　Introduction

Poly(propylenecarbonate) (PPC) synthesized
from carbondioxideandpropyleneoxidehasbeen
provedtobebiodegradablepolymerowingtotheester
bondsonitsbackbone.Inthisregard, ithasattracted
considerableattentionrecently

[ 1 -4]
.ThePPCexhibited

goodbiodegradabilityinbothsoil-burialandbuffer
solution.Moreover, thePPCexhibitedsuperiorthermal
andmechanicalproperties.However, thealternating
PPCalsoshowedpoormechanicalpropertiesandrela-
tively lowerglass transition temperature ( Tg).
Crosslinkingisanimportantmethodforimprovingpoly-
merproperties, inparticular, high-temperatureprop-
erties.

Inthepresentstudy, thecrosslinkingofPPCisin-
vestigated.ThecrosslinkedPPCwaspreparedusing
peroxidecrosslinkingtechniquebysolutioncasting.
Theaim ofthispaperistoshowsomeeffectsof
crosslinkingagentcontentonpropertiesofcrosslinked
PPC.

2　Experimental

2.1　Materials
ThePPCusedinthisworkwaspreparedinourpi-

lot-scaleexperimentalapparatus.Thepolymerization
productwasdrieddirectlywithoutfurthertreatment.
Trichloromethane, AR, wasobtainedfromTianjinFuyu
ChemicalInc.ofChina.Dicumylperoxide(DCP) was
suppliedbyShanghaiGaoqiaoChemicalCo.Ltd.of
China.
2.2　PreparationofCrosslinkedPPC

PPCandthecrosslinkagentweredissolvedintri-
chloromethaneat60℃ formorethan3h.Mostsolvent
wasallowedtoevaporateat80℃.Tofurtherremovere-
sidualsolvent, alltheblendsweredriedundervacuum
at60℃ formorethan48huntilconstantweight.The
resultingblendswerecompressionmoldedintoplates.
Themoldwasheatedto160℃ andkeptfor5 minutes
priortotheintroductionofblend.Themoldingtemper-
atureis160℃.Thecrosslinkingtimeis30 minutes.
Thesamplesforanalysisandmechanicaltestingwere
cutoutfromthecompressionmoldedplates.
2.3　MolecularWeightDetermination

Thenumberaveragemolecularweight(Mn) value

ofthePPCwasdeterminedwithagelpermeationchro-

①收稿日期:2007-01-10

作者简介:王勋林 ( 1963年生 ), 男, 副教授;E-mail:wangxl@qust.edu.cn



　增刊 王勋林等:聚甲基乙撑碳酸酯的交联

matography(GPC) system
2.4　ThermalAnalysis

DSCtraceofthecrosslinkedPPCwasdetermined
inamodulatedthermalanalysisDSCinstrument(mod-
el200PC) underanitrogenflowof20mL/min.
2.5　MechanicalProperty

Thestatictensilepropertiesweremeasuredat
23℃usingaSANSCMTtensiletester.Thecrosshead
speedwassetat50mm/min.Thesampleswerestand-
arddogbonetensilebars( ASTMD638 ) withdimen-
sionsof25mm×4mm×1mm, cutfromthecompres-
sionmoldedplates.
2.6　DeterminationofGelContent

Thegelcontentwasdeterminedaccordingto
ASTM2765.Weighedsamplesinsmallpiecesandina
coppernetwereputintoboilingdimethylsulfoxidefor
24 h.Theextractedsamplesweredriedtoaconstant
weightinavacuumoven.Thegelcontentisexpressed
intermsofthepercentageoftheweightremaining.The
valuesofgelfractiondeviatedfromtheaveragebyless
than2%.Thegelcontentwascalculatedusingthefol-
lowingequation:

gelcontent=
finalweightofsample
initialweightofsample

×100% ( 1)

3　Resultsanddiscussion

3.1　Gelcontent
Fig.1 showstheevolution ofgelforPPC

crosslinkedwithdifferentamountsofDCPwhenthe
TAICcontentwasconstant( 4%).Gelwasformedat
lowlevelsofperoxide.Thegelcontentincreasedwith
increasingperoxideconcentration.Thisisasexpected
sincethehigherthelevelofperoxideused, thehigher
theconcentrationofpolymerradicalsgenerated.The
gelcontentdidnotchangewhenDCPcontentwashigh-
erthan1%.Themaximumgelcontentobtainedfrom
thistechniqueisabout60%.

Fig.1 VariationsofgelforcrosslinkedPPC
withvariousDCPcontents

3.2　Glasstransitiontemperature
The viscoelastic properties of polymers are

markedlydependentonthetypeofcrosslinkandonthe
degreeofcrosslinking.Crosslinkingraisestheglass
transitiontemperature, Tg, ofapolymerbyintroducing
restrictionsonthemolecularmotionsofthechain.Low
degreesofcrosslinkingsuchasthosefoundinnormal
vulcanizedrubbersactinasimilarwaytoentangle-
mentsandraiseTgonlyslightlyabovethatoftheun-
crosslinkedpolymer

[ 5]
.However, inthermosetssuch

asepoxyresins, Tgismarkedlyincreasedbycrosslink-
ing

[ 5]
.Fig.2 showsthevariationsofTgforcrosslinked

PPCwithvariousDCPcontentswhentheTAICcontent
wasconstant( 4%).TheTgincreasedslightlywithin-
creasingperoxideconcentration.However, theTgdid
notchangewhenDCPcontentwashigherthan1%.

Fig.2　VariationsofTgforcrosslinkedPPC
withvariousDCPcontents

3.3　Tensileproperties
Fig.3 showsthevariationsofmechanicalproper-

tiesforcrosslinkedPPCwithvariousDCPcontents
whentheTAICcontentwasconstant( 4%).Inthe
presenceofperoxide, crosslinkingoccurred, leadingto
significantchangesinthemechanicalproperties.A
transitionpointofmechanicalpropertiesisclearlyseen
at1% DCP.Beforethispoint, themechanicalproper-
tiesincreasedrapidlywithincreasingperoxideconcen-
tration.Beyondthispoint, themechanicalproperties
didnotincreasealmostwithincreasingperoxidecon-
centration. The tensile strength increased from
13.5MPa( 0% DCP) to26.4MPa( 1% DCP).The
elasticmoduluschangedfrom320MPa( 0% DCP) to
670MPa( 1% DCP).Thisdemonstratedthattheeffect
ofthecrosslinknetworkonthemechanicalpropertiesis
significant.Thiscanbeexplainedbytherestrictionof
chainmovementbroughtaboutbythecrosslinknet-
work.
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Fig.3　Variationsofmechanicalpropertiesforcrosslinked

PPCwithvariousDCPcontents

4　Conclusions

PPCcanbecrosslinkedbyperoxidecrosslinking
agentDCPinasolutioncastingandheatingprocess.
TheconcentrationofDCPandTAICshowedagreatin-
fluenceonthecrosslinkingofPPC.Thecrosslinkingof
PPCresultedintheincreaseingelcontent、 mechani-
calstrength、 elasticmodulusandTg.Theoptimumof
mechanicalpropertiesmaybeattainedat1% DCP.
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摘　要:利用过氧化物过氧化二异丙苯 (DCP) 和多官能团化合物三烯丙基异氰尿酸酯 (TAIC), 对聚甲基乙撑碳酸酯

(PPC) 进行了交联研究。研究发现, DCP和 TAIC的用量对 PPC的交联均有较大影响, PPC交联后, 其凝胶含量 、 机械性

能 、 弹性模量 、 玻璃化转变温度均有所增加, 1%的 DCP和 4%的 TAIC用量可得到较理想的交联 PPC材料。
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