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Abstract:Polymersusedassoilconditionerstoenhancethecapabilityforprotectionagainsterosionofsoilareimportanttopicsinenvi-

ronmentalstudy.Polymersoilconditionerscanstabilizetheaggregatesofsoils, increasetheinfiltrationandreducetherunoffandero-

sionofsoil.Inthisworkpolyvinylalcohol(PVA) wasused.Itsdegradationinsoilsanditsintermolecularinteractionforcewithsoils

werestudied.PurePVAfilm、 PVAwithsilicaandPVAwithaluminaoxidewereheatedortreatedwithultra-visiblelight.FTIRwas

usedtoobservetheagingofPVA.ThesurfacesofthespecimenswereobservedwithSEMandAFM (atomicforcemicroscope).Inter-

actionforcebetweenPVAandthetipwasmeasuredwithAFM.TheeffectsofsoilsontheagingofPVAwerediscussedaccordingtothe

experimentalresults.EffectsoftreatingmethodsontheinteractionforcebetweensoilsandPVAwerealsodiscussedinthisstudy.
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1　Introduction

Poly(vinylalcohol) (PVA) iswater-soluble, bi-
odegradable.Itisattractiveforenvironmentallyfriendly
products.Therearealargeamountofstudiesonthe
adsorptionofPVAontosolidsurfaces.Silylle

[ 1]
and

Vishwakarma
[ 2]

, studiedtheadsorptionisothermsof
PVAontosolidsurfaces.Theinteractionsandadhesive
forcesbetweenPVAanddifferentsolidsurfaceswere
measuredbyAtomicForceMicroscopy ( AFM) re-
cently, forexamplesUneretal

[ 3]
, andYoichiKanda

etal
[ 4]
.EffectsofPVAonthegerminationofplants'

seedshavebeenstudiedinagriculturalapplicationsfor
alongtime.Barryetal

[ 5]
gavesomeresearchresults.

TheagingofPVAintheenvironmentwasalsoanim-
portanttopics.EmoChiellinietal

[ 6]
studiedthebio-

degradationofPVA.InthisstudyexperimentsonPVA
agingbyheatandUVlightwereconductedandmeas-
uredwithFTIR.AdhesiveforcesbetweenPVAandsol-
idsurfacesweremeasuredwithAFM.SEM picture
wereusedtoobservethebindingphenomenaofPVA
andsolids.

2　Experiments

2.1　materialsandinstruments
Polyvinylalcohol( PVA) (ChangChunPetro-

chemicalCO.LtdTaiwan), standardsand (Ottawa
standardsandbyU.S.SilicaCompany) , andSiO2

(Merck) wereusedintheexperiments.
FourierTransform InfraredSpectrometer ( FT-

IR) , AtomicForceMicroscope(AFM), andScanning
ElectronMicroscope(SEM) forcharacterizingthere-
actionproducts.
2.2　Experimentprocedure

a.PreparationofPVAfilm
( 1) 1 Mixing3gPVAsolidwith97 mLpurewa-

ter(R>18MΨ).Heatingandstirringthemixtureun-
tilthePVAsoliddissolvescompletely.( 2) Coolingthe
solutionandtakingsomedropsofthesolutiononglass.
Thesolutiondropsspread.Thespreadingfilmwaskept
inroomtemperatureforair-dryingfor24 hours.

b.PreparationofPVA-SiO2 mixtures
( 1) 1gofPVAwasaddedto20gofpurewater.

HeatingandstirringthemixtureuntilthePVAsolid
dissolvescompletely.( 2) 4gofSiO2 wasmixedwith
thePVAsolutionpreparedin( 1). ( 3) Themixture
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waskeptinroom temperatureforair-dryingfor24

hours.
c.Agingexperiments
( 1) Boththesamplespreparedinaandbsections

wereheatedat50, 100, 150℃ for1 ～ 3 hours.( 2)

ThePVAfilmwasfurthertreatedwithUVlightfor1 ～
7 days.

d.AllthesampleswereanalyzedwithFTIRtoob-
servethechangeoffunctiongroupsofPVA.SEMwas
alsousedinthisstudied.Finally, AFMwasusedto
analyzethesurfacestructureofPVAfilmandtheinter-
actionforcebetweenPVAandsolid.

3　ResultsandDiscussions

Figure1 showstheresultsofFTIRanalysis.In
comparisonwiththeIRspectrumoftheoriginalPVA
film, PVAfilmheatedto150℃ foranhourortreated
with254nmUVfor7 daysshowssomedifferentabsorp-
tionin1143cm

-1
(withintheC-Oabsorptionrange).

Itisbelievedthatbothtreatingmethodswillinducethe
agingofPVA.

Fig.1　IRspectrumofPVAfilms

Figure2aistheSEMpictureoforiginalPVAfilm.
ItisclearthatPVAmoleculesaresphere-likeshape.
PVAfilmheatedto150℃isshowninfigure2b.Inthis
casePVAmoleculesarerod-likeshape.Itisbelieved
thatwithhightemperature, smallPVAmoleculeswill
polymerizetolargemolecules.PVAfilmtreatedwith
UVgivesthesimilarresultsasshowninfigure2c.

Asweknow, siliconoxideisthemostamount
componentinalmostallsoils.InthisexperimentPVA
wasmixedwithsilicatoobservetheinteractionofPVA
andsilica.Figure3agivestheSEMpictureofPVA-sil-
icamixture.Itisapparentthesilicaparticleslinkto-
getherbyPVAfilm.Figure3bshowsthemixtureafter
heatingto150℃ foranhour.Withthelossofwater
andpossiblepolymerizationreaction, thePVAfilm
shrinksandadherestothesilicasurface.UVtreatment
givesthesimilarresultasshowninfigure3c.

　　Figure4adepictsAFMpicturesofthePVAfilms.
Figure8ashowsthescanningresultoforiginalPVA
film.Asdepictedinfigure2, PVAmoleculeshave
sphericalshape.Theyoverlappedwitheachother.Fig-
ure4bistheAFMpictureofPVAfilmwhichwasheat-
edto150℃.PVAmoleculesinthiscasearedifferent
fromtheoriginalPVAfilm.Someaccumulationoccurs
inthefilm.ItisbelievedthatPVAmoleculespolymer-
izedtolargermolecules.Thepolymerizationwasnot
homogeneous.Infigure4cPVAfilmwastreatedwith
UVlightfor7 days.Thepolymerizationofsmallmole-
culeswasmorecompletely.Largemoleculesaccumula-
tedtogether.

Fig.4 AFMpicturesanddepthprofiles:
a.OriginalPVAfilm, b.heatedto150℃ forahour,

c.UV ( 254nm) treatedfor7days

TounderstandtheinteractionforcebetweenPVA
andsolid, theforce-distancerelationwasmeasured
withAFMcontactmode.Adhesiveforcewasrecorded
andcomparedforvariousPVAfilms.Figure6 shows
theadhesiveforcesbetweenPVAfilmandthecolloidal
probe.Theincreaseoftreatingtemperaturewillen-
hancetheadhesiveforce.Itisbelievedthatdecreaseof
watercontentandlargerPVAmoleculeswillincrease
theadhesiveforce.
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Fig.5　Effectofheattreatedontheadhesiveforce

4　Conclusions

PVAfilmsandPVA-silicamixtureswereprepared
inthisstudy.Bothsamplesweretreatedwithheatand
UVtoobservetheirpropertieschange.Increaseintem-
peratureandtreatedwithUVlightwillinducepolymeri-
zationoccurs.SEMpicturesgavetheevidence.AFM
scanningshowedthatUVlightmakesthepolymeriza-
tionmorecomplete.FTIRspectrumdepictedthatboth
heatandUVlightwouldchangetheabsorptioninC-O
spectrumregion.ItisbelievedthatPVAwillageby
heatandUVlight.AFMwasusedtogettheinteraction
forcebetweenPVAandsolid.Thehigherthetempera-
ture, thegreatertheadhesiveforce.Lowerwatercon-
tentandlargerPVAmoleculesarethepossibleanswer
forthisresult.ExperimentalresultsshowedthatPVA
adheredtosoilswell.SoilsandPVAhadbetterbond-
ingthanthatofmixtureskeptinroomtemperature.
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摘　要:聚烯醇可生物分解且无毒性, 可做为土壤改良剂。其在土壤中受温度 、 紫外线影响而老化的问题为本研究的一

部份。以加热及 UV处理 PVA膜与 PVA与 SiO2混合物。样品以 FT-IR光谱了解其劣化情况。 PVA膜与土壤之作用力则以

原子力显微镜量测其力曲线与观察表面变化。此外 PVA与 SiO2混合物则以 SEM观察其受热与受 UV处理的结果。
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