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Abstract:Polyethyleneglycol(PEG)wasusedasthehostmaterialandtheinorganicnano-materialopalwasintroducedasnucleating

agenttosynthesizeanovelorganic-inorganicpolyurethane/opalsolid-solidphasechangeenergystoragematerial.Thecomposition,

phasetransitionpropertiesandthethermalpropertiesofthematerialsweretestedbyinfraredspectroscopy(IR), protonnuclearmag-

neticresonancespectroscopy(1HNMR), differentialscanningcalorimetry(DSC), polarizedmicrophotograph(POM), andthermo-

gravimetric(TG), respectively.Theresultsshowthatanovelpolyurethane/opalsolid-solidphasechangematerial.(PUPCM)was

synthesizedwhichhadgreattransitionenthalpy, goodthermalstabilities, controllabletransitiontemperatureandnoliquidsleakage

duringtransition.Meanwhile, duetothepresenceoftheopal, notonlythetransitionenthalpyincreasedbutthecrystallizationratealso

increasedsothatthecrystallizationpropertieswereimprovedandthespheruliteswereregularandintegrated.
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　　Polyethyleneglycol(PEG), duetoitsenthalpy
changeregularlywithitsmolecularweightandexhibits
excellentenergystorageproperties, isworthwhilefor
broadinvestigation.Inthispaper, PEGofhighmolec-
ularweightwasusedasthesoftsegment, 2, 4-tolylene
diisocyanate(TDI)andglycerinwereusedashard
segmenttosynthesizeanovelPUPCM.Thecomposi-
tion, phasetransitionpropertiesandthethermalprop-
ertiesofthematerialsweretestedbymeansofIR,
1HNMR, DSC, POMandTG, respectively

[ 1-2]
.

1　Experimental

1.1　MaterialsandEquipments

PEG(CP, n= 2.0 ×10
4
), TDI, Glycerine

andAcetonewaspurchasedfrom ChinaMedicine
(Group)ShanghaiChemicalReagentCorporation;O-
palpowderwassuppliedbyopalsciencedevelopment
Co., Ltd.ofNenjiang;MagneticStirrer.(DF-
101S, Heat-focused, Temperature-consistantStirrer);
FTIR-RamanSpectrometer(NEXUS-670);Nuclear
MagneticResonanceSpectrometer(BrukerAvance-

400);ModulatedDSC2910.
1.2　PreparationofPolyurethane/OpalSolid-Sol-

idPhaseChangeMaterial

ThepreparationofPUPCMincludestwosteps:
(1)Preparationofprepolymer.TDI(0.005 ～

0.05mol)wasdissolvedinsolvent(10 ～ 30mL),
thenpouredinthethree-neckedflask, andtherighta-
mountcatalystwasdrippedin.Afterbeingstirredfora
moment, fewopalfinepowderswasadded.Withthe
protectionofN2 , 20 ～ 50mLPEGofcertainmolecular
weightsolutionwhichcontained0.002 ～ 0.02molsol-
vent.

Afterbeingstirredfor5 ～ 30min, thesolutionwas
heateduptobackflow.Afterbeingreactedfor2 ～ 3
hours, theactivationsamplewasnamelyobtained;

(2)PreparationofPU/Opal.Solid-SolidPCMs.
Glycerine(0.005 ～ 0.05mol)wasdissolvedinsolvent
(10 ～ 30m), thenpouredinthethree-neckedflask,
andtherightamountcatalystwasdrippedin.Afterbe-
ingtirredforamoment, thesolutionwasheatedupto
backflowwiththeprotectionofN2.Afterbeingreacted

①收稿日期:2007-01-10

基金项目:齐齐哈尔市科技局资助项目 (GY05-03)

作者简介:顾晓华 (1970年生), 女 , 副教授;通讯联系人:沈新元;E-mail:shenxy@dhu.edu.cn



　增刊 顾晓华等:聚氨酯固 -固相变储能材料的研究

for2 ～ 3hours, theproductsweremovedtothevacuum
oveninordertovolatilizethesolvent.

2　Resultsanddiscussion

2.1　FTIRAnalysisoftheprepolymerandPU/O-
palSolid-SolidPCMs
TheFT-IRspectraofPU/OpalSolid-SolidPCMs

showsthecharacteristicvibrationpeakof-NH isat
3 567cm

-1
.Thestretchingvibrationpeakof-C=O

and-CH2 areat1 723cm
-1
and2 873cm

-1
, respec-

tivily.Theabsorptionpeaksof-C-Oareat1106
cm

-1
whichisconsistentwiththecompositionofPE.

Itisobservedthatmethyleneturntobenarrowdueto
thestrongstretchingvibrationpeakof-CH2 thatcover
thepeaksbelongto-CH3 ofTDI.Theabsorption

peaksof1 601, 1 539, 1 472 and1 454cm
-1
corre-

spondtothecharacteristicvibrationpeaksofbenzene
ringwhichprovetheexistenceofTDI.Anotherproveis
thepeaksat3 264and2 873cm

-1
whichcorrespondto

thevibrationpeaksof-OHand-CH2 ofglycerin.
Thecharacteristicvibrationpeaksof-C=Oand-NH
indicatetheproductpreparedistheprospectivesample
aswell

[ 3]
.Wecangetthesameconclutionfromthe

1HNMRspectraofthePU/OpalSolid-SolidPCMs.
2.2　PhaseTransitionBehaviorsandMechanism

ofthenovelPCMs
2.2.1　PhasetransitionBehaviors

ThethermalanalysisdataofPU/Opalsolid-solid
PCMSisshowninTable1, thetransitionenthalpyof
thematerialincreasedremarkablywiththepresenceof
theopalnanonucleatingagent.

Table1　DSCAnalysisDataofPUPCMandPUPCM/Opal

Sample
Phase
transition

■H/ (J· g-1) 　　 tt/℃ 　　

Heating
cycle

Cooling
cycle

Heating
cycle

Cooling
cycle

PUPCM solid-solid 57.24 36.81 27.33 -11.33

PUPCM/
Opal

solid-solid 64.25 45.93 28.2 -12.30

tt-Peaktransitiontemperature;■H -Phasetransitionenthalpy;

PUPCM-PEG-TDI-glycerol

2.2.2　PhaseTransitionBehaviors
Fig.1isthePOMphotographsofthePU/OpalPC-

Ms.Asitisshown, thePCMs.exhibitagoodcrystal-
inity.Duringthecrystallizationprocess, manysmall
regularspherulitesformed.Theadditionoftheopalsu-
perfinepowderhasabigcontributiontoincreasethe
enthalpyvalueandthecrystalinityofthepolymer.

Fig.1　POMPhotographsofthePU/OpalPCM(T=35℃)

2.3　ThermalStabilityofPUPCM
Themaximum decompositionspeedofPU/Opal

solid-solidPCMscorrespondstotemperatureof410 ℃,
terminatetemperatureisat427.3℃.Thusitmaybe
knownthethermaldecompositiontemperatureofthema-
terialspreparedishigh, alsothestabilityisverygood
inthetransformationtemperaturerangeandnoteasyto
volatilizeordecompose

[ 5]
.

3　Conclusion

Inthispaper, anovelorganic-inorganicPolyure-
thane(PU)/opalsolid-solidphasechangeenergy
storagematerialwaspreparedsuccessfullywhichalso
hasanoptimumtransitiontemperatureandhighphase
transitionenthalpy.Theadditionoftheinorganicnano-
materialopalimprovedthepolymercrystallizationand
enhancedtheenthalpyvalueaswell.Thenovelmateri-
alalsohasagoodthermostability.
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摘　要:利用聚乙二醇 (PEG)为主体 , 加入无机纳米材料蛋白石 (Opal), 制备出的新型的有机 -无机体系的聚氨酯 /

Opal固 -固相变储能材料 , 利用了 IR、1HNMR、 DSC、 POM、 TG等测试手段 , 对其结构和性能进行了表征分析。 结果表

明 , 该聚氨酯型相变材料具有较高的相变焓值 、 适宜的相变温度 、 热性能稳定和相变过程中不产生液体等特点。同时 , 加

入天然纳米无机材料蛋白石后 , 不仅提高了材料的相变焓值 , 而且提高了其结晶性能 , 促使其结晶速率加快 , 结晶呈现出

很规整的球晶状态。
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