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Abstract

As a part of abating formaldehydeemission of urea-formaldehyde resin, this study was conducted to 
investigatethermalcure kinetics of both neat and modified urea-formaldehyde resins using differential 
scanning calorimetry. Neat urea-formaldehyde resins with three different formaldehyde/urea mol ratios 
(1.4, 1.2 and 1.0) were modified by adding three different additives (sodium bisulfite, sodium hydrosulfite 
and acrylamide) at two different levels (1 and 3wt%). An isoconversional method at four different heating 
rateswasemployed to characterize thermal cure kinetics of these urea-formaldehyde resins to 
obtainactivation energy (Eα) dependent on the degree of conversion (α). The Eαvaluesof neat 
urea-formaldehyde resins (formaldehyde/urea = 1.4 and 1.2) consistently changed as theα increased. 
Neat and modified urea-formaldehyde resins of these two F/U mol ratios did show a decrease of the 
Eα at the final stage of the conversion while the Eα of neat urea-formaldehyde resin (formaldehyde/urea 
= 1.0) increased as the α increased, indicating the presence of incomplete cure.  However, the change 
of the Eαvaluesof all urea-formaldehyde resins was consistent to that of the Ea values. The isoconversional 
method indicated that thermal cure kinetics of neat and modified urea-formaldehyde resins showed a 
strong dependence on the resin viscosity as well as diffusion control reaction at the finalstage of the 
conversion.
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Introduction

Urea-formaldehyde(UF)resinformsstrongbonds

underawidervarietyofconditionsandcostlessthan

phenol-formaldehyde(PF)resins(Ebewelleetal.,

1991).UFresinsarebasedonthemanifoldreactions

oftwocomponents,i.e.,ureaandformaldehyde(Dunky,

1998).Byusingdifferentreactionconditionsand

preparationmethods,amoreorlessinnumerablevariety

ofcondensedstructuresispossible.Ingeneral,UFresin

adhesivesarepreparedatalkalineandthenacid

condition.Thecondensationsreactionsunderacid

conditionaretakingplaceduringthehardeningprocess

provideacross-linkedstateinordertodevelopthe

cohesionstrengthwithintheresinadhesive(Conner,

1996).UF resin isa thermosetting polymerand

consistsoflinearorbranchedoligomericandpolymeric

molecules,whichalsoalwayscontainsomeamountof

monomer(Dunky,1998)TheUFresinisregardedas

oneofthemostimportanttypeoftheso-calledamino

plasticresins,becauseithasbeenwidelybeingused

inmanufacturingwoodcompositesproductssuchas

plywood,fiberboardandparticleboardasabinder

(Stefke& Dunky,2006).UFresinpossessessome
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advantages,suchasfastcuring,goodperformancein

woodpanel,highreactivity,watersolubilityandlower

cost.DisadvantagesofusingtheUFresininclude

formaldehydeemission(FE)fromthepanels,lower

resistancetowaterandlowdurability.Lowerresistance

towaterlimitstheuseofwood-basedpanelsbonded

withtheUFresintointeriorapplications(Ebewelleet

al.,1994;Parketal.,2006).Lowerdurabilityof

wood-basedpanelsbondedwithUFresinisattributable

tohydrolyticdegradationoftheUFresin(Conner,1996;

Myers,1984).Whereas,poordurabilityandtheemission

offormaldehydehasbeenrecognizedasanimportant

drawbackintheuseofUFresinforwood-basedpanel

product(Kavvourasetal.,1998;Chuang&Maciel,

1993).AlimitedabilityofUFresintoresistmoisture

ismainlycausedby:1)thebrittlenessofresin,which

allowsthecuredresintocrackandallowmoistureto

penetrateintothebonded-woodproductand2)chemical

breakdownoftheaminobondswithinthecuredresin

(Parketal.,2006).Theselimitationswereevidenced,

forexampleinthestrengthlossofUFresin-bonded

joints,owingtoirreversibleswellingofUFresin-bonded

compositepanelsandformaldehyderelease(Ebewelle

etal.,1991).

Itwas shown thatthe reversibility of the

aminomethylenelinksandsusceptibilitytohydrolysis

wereinvolvedintheprocessofformaldehydeemission

(Dunky,1998).Ontheonehand,theFEcanoccurduring

thepressingoftheboard.TheFEfrompanelsinservice

iscausedbytheresidualformaldehydepresentinthe

UF-bondedboardstrappedasgasinthestructureof

thesubstrateaswellasdissolvedinthewatercontent

oftheboard.ThehighertheF/Umolratiois,thehigher

thecontentoffreeformaldehydeisintheresin(Dunky,

1998).Ontheotherhandthehydrolysisofweaklybound

formaldehydefrom N-methylolgroups,acetalsand

hemiacetalsalsocontributetheFE.Andinmoresevere

casesthehydrolysisofmethyleneetherbridgesalso

increases the amount of FE (Dunky, 1998).

ThehydrolysisisoftenaccompaniedbytheFE,which

constitutesapotentialhealthhazard(Kimetal.,2006).

ThehydrolysisofcuredUFresin,resultedfromether

bridgesaswellasterminalmethylolgroups,appears

tocontributethemostinsubsequentformaldehyde

releasefromUFresinbondedboards(Kavvourasetal.,

1998;Zorbaetal.,2008).Animprovenmentofthe

hydrolysisofUFresinscatalyzedbyacidshavebeen

reportedasaresultofemployingmaterialsthatare

capableofneutralizingtheacidcatalystsrequiredfor

UFresincure.Examplesincludetheadditionofglass

powdertotheadhesive,theposttreatmentofboards

withsodiumbicarbonateandtheadditionofmelamine

whichmayactasabuffer(Ebewelleetal.,1991).

LiberatedFEcanbereducedbyloweringtheF/U

molratio,loweringtheformaldehydecontentandhence

distinctlylowerthesubsequentFEandalsolowering

thedegreeofbranchingandcrosslinkinginthehardened

network,whichunavoidablyleadstoalowercohesive

bondingstrength(Dunky,1998;Parketal.,2006).

Adding formaldehyde scavengermaterials added

directlytotheUFresinortreatedseparatelytowood

furnishcanalsoreducetheFE.Theotherwaysare

treatingthepanelsaftertheirmanufactureeitherwith

aformaldehydescavengerorbytheapplicationof

coatingsorlaminates.Thestructuralfactorsresponsible

fortheseprocessessuggestthatthestabilityofUFresin

canbeenhancedbymodifyingitsstructureandmore

random distributionofcrosslinks(Ebewelleetal.,

1991).Asignificantimprovementinthedurabilityof

UFresinwouldbroadentheapplicationofUFresins

andmarketsforUFresin-bondedwoodproducts

(Ebewelleetal.,1991).Agreatermoistureresistance

hasalsobeenreportedwhenadditives,suchasamines

orthermoplastics,wereincorporatedintotheUFresin

(Parketal.,2006).Thesampleswithhighcrosslink

densitywasexpectedtohavelowermoisturesorption

ratesandequilibriummoistureuptakethanthosewith

lowcrosslinkdensity,mainlyduetotheextrabonds

withinagivenareathatwouldneededtobehydrolyzed

toallowmoisturetopenetrateintothesample(Park

etal.,2006).

ThelargevarietyofstructuralelementsinUFresins,

likemethylenebridges,etherbridges,methylols,amide

groups,orevencyclicderivativeslikeuronringsand
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thevarietyofpossiblereactionsmaketheirstudy

difficult.Thecontentofthesestructuralelementsin

thestilluncuredresinshasanobviousinfluenceontheir

thermalcuring kineticsand theirstructuresand

subsequentlytheirmechanicalpropertiesofthefinal

network.Oneofthemostwidelyusedmethodsfor

studyingthekineticsofcurereactionisthermalanalysis

usingdifferentialscanningcalorimetry(DSC)under

isothermalordynamicmodes.Detailedkineticstudyhas

been performed using nonlinear isoconversional

analysis(Caietal.,2008).TocharacterizealiquidUF

resin,severalanalyticaltoolshavebeenwidelyused,

namely
13
C-NMRspectroscopyandFTIRforinvestigations

oftheresinstructure(Perezetal.,2009).

Therearetwocategoriesofcurekineticmodels,

phenomenologicalandmechanisticmodels.Mechanistic

modelsaremadefromthebalanceofchemicalspecies

takingpartinthechemicalreaction.Mostofthecases,

itisdifficulttoderivethismodelbecauseofthecuring

reactionsareverycomplicated.Thus,phenomenological

orempiricalmodelsarepreferredtostudythecure

kinetics(Caietal.,2008).Normally,phenomenological

rateequationssuggestedaresuitableforanalyzing

isothermalscanningdata.Inthisstudy,thecurekinetics

isdeterminedfromonlydynamicscanningdata.Therate

ofconversionwasmeasuredforUFresinwithdifferent

F/U mol ratios and additives compared with

resultscalculatedfromUFneatresins(Umetal.,2002).

TheKissinger-AkahiraSunose(KAS)modelhasbeen

usedtoobtaincurekineticparametersfromthecuring

processesoftwonovolac-type-L-basedphenolic(LPF)

resins,differinginLcontentandacommercialnovolac

resinthatwasusedasreference(Tejadoetal.,2008).

Isoconversionalmodelsareanothertypeofkinetic

modelandprovidemoreaccurateinformationasthey

evaluatethechangesintheactivationenergythroughout

thecuringprocess(Perezetal.,2009).

So,thisstudyattemptedtoinvestigatethermalcure

kineticsofUFresinsmodifiedwithadditivesasapart

ofabatingtheFEofUFresins.Inthiswork,three

additives such as sodium bisulfite, sodium

hydrosulfiteandacrylamideatdifferentadditionlevels

hasbeenaddedtoUFresinswithdifferentF/Umol

ratiosinordertomodifythechemicalstructuresofUF

resinsasawayofimprovinghydrolyticstabilityof

UF resinsthroughpossiblemodificationoftheir

chemicalstructures.

MATERIALSandMETHODS

2.1Materials

Threeadditivesusedinthisstudywerealltechnical

grade regents.Sodium bisulfate (NaHSO3)(DC

ChemicalCo.,Ltd.,Korea),sodium hydrosulfite

(Na2S2O4)(75.0%,SamchunPureChemicalCo.,Ltd.,

Korea),acrylamide(H2C=CH-CO-NH2)(pH6.6,71.08

Mw,YongsanMitsuiChemicals,purity50.2wt%,

Korea),wereusedasreceived.Formaline(37%)was

usedforUFresinsynthesisasreceived.

2.2Methods

2.2.1PreparationofUFresinsandtheirmodification

AllUFresinsusedforthisstudywerepreparedin

thelaboratory,followingtraditionalalkaline-acidtwo-

stepreaction.Formaldehyde(37%)wasplacedinthe

reactorandthenadjustedtopH 7.8withsodium

hydroxide (20 wt%)then heated up to 45℃

subsequentlyacertainamountofureawasaddedequally

at1-minintervals,andthemixturewasheatedto90℃

underrefluxfor1hourtoallowformethylolation

reactions.ThesecondstageofUFresinsynthesis

consistedofthecondensationofthemethylolureas.

Theacidicreactionwasbroughtbyaddingformicacid

toobtainapHofabout4.6,andthecondensation

reactionswerecarriedoutuntilatargetviscosityof

JKusingabubbleviscometer(VG-9100,Gardner-Holdt

BubbleViscometer,USA).Differentamountsofthe

secondureawereaddedduringthecondensationstep

inordertoobtaindifferentUFresinwithF/Umolratios

of1.4,1.2and1.0.ThentheUFresinwascooledto

roomtemperaturebyadjustingthefinalpHto8.0.

NeatUFresinwasphysicallymixedwithtwo

differentlevelsofadditives(1and3wt%)immediately
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beforemixingwith3wt% ofNH4Cl(20% aqueous

solution) as hardener.In this study,additives

weresodium bisulfite, sodium hydrosulfite, and

acrylamide.The mixturewasthen quickly and

vigorouslystirred.Alladditivewereeasilydissolvedat

alllevelsused.

2.2.2PropertiesofModifiedUFresins

About1gofUFresinwaspouredintoadisposable

aluminumdish,andthendriedinaconvectiveoven

at105℃ for3hours.Non-volatilesolidscontentwas

determinedbymeasuringtheweightofUFresinbefore

andafterdrying.Anaverageofthreereplicationswas

presented.

TocomparethereactivityofUFresinssynthesized,

thegeltimeofneatandmodifiedUFresinswere

measured,with3% NH4Cl(20wt%)asahardener,

Table1.PropertiesofUFresinswithdifferentF/Umolratios,additivestypes,andlevels

F/Umolratio Additivetype Additivelevel(wt%)
Non-volatilesolidcontent

(wt%)
Viscosity
(25℃,mPa.s)

Geltime(s)

1.0

Control 0 57.95 133.3 237

Sodiumbisulfite
1 57.86 210.0 230

3 58.28 234.0 236

Sodiumhydrosulfite
1 58.10 230.7 212

3 58.73 238.7 297

Acrylamide
1 57.46 226.0 242

3 57.34 222.0 249

1.2

Control 0 55.20 225.0 234

Sodiumbisulfite
1 55.47 267.0 207

3 56.12 294.0 238

Sodiumhydrosulfite
1 55.78 284.0 184

3 56.40 296.0 277

Acrylamide
1 56.38 311.0 237

3 56.36 328.0 217

1.4

Control 0 58.77 464.0 180

Sodiumbisulfite
1 59.25 528.0 150

3 59.81 578.0 239

Sodiumhydrosulfite
1 58.73 534.0 186

3 58.76 605.0 290

Acrylamide
1 60.75 578.0 217

3 60.27 573.0 254

at100℃ usingageltimemeter(DavisInotek

Instrument,Charlotte,NC).Themeasurementswere

donewiththreereplicationsforeachUFresinwith

differentF/Umolratios.TheviscosityofUFresinsat

25℃ wasmeasuredusingacone-plateviscometer

(DV-II+,BROOKFIELD,US)withNo.2spindleat

60rpm.

ThepropertiesofUFresinspreparedatdifferentF/U

molratiosweresummarizedinTable1.Thenon-volatile

solidscontentsofUFresinspreparedatdifferentF/U

molratioswererangedfrom55to59wt%,and55

to61wt% forthemodifiedUFresinwithdifferent

additives.Theresinviscosityshowedalargedifference

betweentheF/Umolratiosof1.4and1.0.Thismight

beduetogreateramountofthesecondureaforlower

F/Umolratioduringtheresinsynthesis.Theaddition

ofthesecondureadissolvedatlaterstageofUFresin



IsoconversionalCureKineticsofModifiedUrea-FormaldehydeResinswithAdditives

-45-

synthesiscouldreducetheviscosityofUFresin(Park

&Lee,2009).AnincreaseoftheF/Umolratioresulted

inanincreaseintheresinmolecularweight.Anincrease

ofthesulfurcompoundsinUFresinalsoledtoincrease

initsmolecularweights(Myers,1986).

ThegeltimeoftheUFresinspreparedincreased

withadecreaseintheF/Umolratio.AsshowninTable

1,thegeltimeincreasedwhentheF/Umolratio

decreasedfrom1.4to1.0.Theseresultsindicatethat

thereactivityofUFresindecreasedwithadecrease

intheF/Umolratio.Thismightbeexplainedbya

decreaseintheavailabilityoffreeformaldehydeat

lowerF/Umolratio(Park,2007).

2.2.3DSCmeasurements

AllmodifiedUFresinswerescannedwithaDSC(TA

2910,TA Instruments,Delaware,USA)previously

calibratedwithindium standard.Experimentswere

conductedinN2atmosphere;usinghighpressurecells

andabout5mgofthesampleswereused.Allsamples

wererunatfourdifferentheatingrates(5,10,15and

20℃/min)inatemperaturerangefrom30℃upto300℃.

Foreachheatingrate,tworeplicatedmeasurementswere

performed.Measurementsoftheheatofreaction(∆H)

weremadebyintegratingtheareaunderaexothermic

curvewithalinearbase-lineusingathermalanalysis

software(ver.4.5A,UniversalAnalysis2000,TA

Instruments,USA).Thevaluesofdegreeofconversion

(α)werealsoobtainedbytheintegration.Thedataof

runswerefittedtotheKissinger-Akahira-Sunose

isoconversionalmethod.

2.2.4Kineticmethods

Theisoconversionalmethodemployedinthiswork

isbasedondynamicDSCanalysis.Theequationfor

thereactionrateemploy(dα/dt)tostudythecuring

kineticsofUFresincanbeexpressed,ingeneralas:

)(a
a

kf
dt

d
=

-------------------------------------------(1)

whereα isthedegreeofchemicalconversion,orextent

ofreaction,kistherateconstant,andf(α)isassumed

tobeindependentoftemperature.Ingeneral,thermoset

curingcanbedividedintoseveralmodelcategories.

Twotypicalmodelsofthem arenth-orderand

autocatalyticreaction.ConsideringthattherateEq.(1)

isvalidfordynamicscanwithheatingrate,ß(K/min).

Thereactionrateisconvertedintermsoftheß,like

dα/dt=ß(dα/dt),thekistherateconstantexpressed

bythetemperature-dependentArrheniusequation.And

thentheEq.(1)canbewrittenas:
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whereTisthetemperature,Aisthepre-exponential

factor,Eaistheactivationenergy,whichisindependent

oftheconversion,Risthegasconstantandα isthe

degreeoftheconversion.Theprincipleofthismethod

statesthatataconstantextentofconversion,thereaction

rateisafunctionofonlythetemperature.So,the

isoconversionalmethodsrequireperformingaseriesof

experimentsatdifferenttemperatureprogramsandyield

thevaluesofeffectiveactivationenergyasafunction

ofconversion.Thisstudyemployedtheisoconversional

method,whichisexpressedasfollows:
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Foragivenheatingrate,eachconversiongradeis

associatedwithasingletemperature(Tα)andthusthe

correspondingactivationenergy(Eα)canbedetermined

formtheslopeofthestraightlineobtainedbyplotting

)/ln( 2
ab T- vs aT/1 inthesamewayasforsimple

models.Theisoconversionalmethodscanbeapplied

tostudythecuringprocessofthesepolymersbecause

itgavelowerrorinconversiondegree(Umetal.,2002).
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RESULTSAND DISCUSSION

Fig.1.showstheEαcurvesofneatUFresinwith

theF/Umolratioof1.4.Itinitiallyincreasedandthen

remainedconstant(53kJ/mol)almostthroughoutthe

entireprocess,indicatingthatitisdominatedbyasingle

reactiontype(Um etal.,2002).Thebasiccure

mechanisminUFresinisbasedontwomainreaction

types,namelyadditionandcondensationreactions

(Dunky,1998).Theadditionofbothsodiumbisulfite

andsodium hydrosulfitedecreasedtheEαwithan

increaseofα fortheentireprocess(Figs.1and2).
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Fig.1.EαchangesofmodifiedUFresinsbysodium
bisulfiteattheF/Umolratioof1.4
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Fig.2.Eα changesofmodifiedUFresinsbysodium
hydrosulfiteattheF/Umolratioof1.4

Thishasbeentraditionallyassignedtoachangein

thefinalstageoftheresincurefromakinetictoa

diffusionregimeinthesemodifiedUFresinsdueto

theincreaseinviscositycausedbytheadditives(Perez

etal.,2009;Umetal.,2002).Fig.3.showsthatthe

EαofmodifiedUFresinwith3wt%acrylamideslightly

increasedintheEαatthebeginningandthenwas

constantuntilitreachedα 0.5.Andthenitstartedto

decreaseforthewholeprocess.1wt% levelof

acrylamidealsoshowedasimilarbehaviortoneatUF

resinwheretheEαwasconstantfromtheinitialstage

totheendoftheprocess.Notonlyacrylamidebutalso

thesodiumbisulfiteandsodiumhydrosulfiteat1wt%

levelshowedasimilarbehaviortotheneatUFresin.

It indicated that 1 wt% of additives didnot

muchinfluencetocontrolresinwiththeF/Umolratio

of1.4.Fromthesethreeadditives,theacrylamidewith

3wt%levelgavethelowestEαattheF/Umolratio

of1.4.Itindicatedthatacrylamidedidreactwiththe

freeformaldehydeinUFresinandcreatedcross-links

withmethylolureasduringthecureprocess(Kavvouras

etal.,1998).
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Fig.3.EαchangesofmodifiedUFresinsbyacrylamideat
theF/Umolratioof1.4

Fig.4.showsthattheEα valuesofneatUFresinwith

theF/Umolratioof1.2decreaseswithanincreaseof

α.Bothsodiumbisulfiteandacrylamideat1wt%(Figs.

4and6)showedasimilartrendofEαcurvestothatof

neatUFresin.Theeffectofviscositymightbeoneof

thereasonsininfluencingthedownwardEα curves(Um

etal.,2002).Theotherreasonmightbeanoptimum

stoichiometriccombinationbetweentheamountoffree

formaldehydeandtheadditivelevels.TheEα ofthe
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Fig.4.Eα changesofmodifiedUFresinsbysodium
bisulfiteattheF/Umolratioof1.2
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Fig.5.Eα changesofmodifiedUFresinsbysodium
hydrosulfiteattheF/Umolratioof1.2
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Fig.6.Eα changesofmodifiedUFresinsbyacrylamide
attheF/Umolratioof1.2

1wt%ofsodiumhydrosulfite(Fig.5.)initiallyincreased

andthenlaterstartedtodecreaseatα=0.4.Compared

totheF/Umolratioof1.4,thoseofUFresinswith

theF/Umolratioof1.2wasmuchaffectedbyadditives

evenat1wt%.Itmightbeduetothelowerviscosity

andmolecularweightofUFresinwith1.2F/Umol

ratiocomparedtotheUFresinof1.4F/Umolratio.So,

theadditiveswereeasilyreactedwithUFresinand

resultedinlowerEα.Also,itindicatesthatthereare

differentkindsofindividualreactionsrelatedtourea

componentsthathadbeentakenplaceinmodifiedUF

resinsandresultedinlowEα value(He&Riedl,2003).

The3wt%levelsofsodiumbisulfiteandacrylamide

(Figs.4and6)alsoshowsaquitesimilartrendofthe

Eα curveswhichremainsconstantthroughouttheprocess

exceptfortheinitialstage.Thisresultindicatedthat

itsratewasdeterminedbyasinglestep.Andanincrease

oftheEαatα=0.9couldbeassociatedwithachemical

processesthatwereinitiatedathighertemperature.A

similartrendat1wt%ofsodiumhydrosulfite(Fig.5)

andacrylamide(Fig.6)wasobtainedwheretheEα

startedtodecreaseatα =0.4andα =0.5,respectively,due

todiffusioncontrolledreaction.TheEαdecreased

throughouttheentireprocessforthesodiumbisulfite

(Fig.4),whichcouldbeexplainedbydiffusioncontrol

thatwasassociatedwithvitrification.

Fig.7.showsaninitialincreaseintheEαofUFresin

withtheF/Umolratioof1.0.Thiseffectmayindicate

thatinsomeincompletelycuredsystemstherateof

cross-linkingcanbelimitednotbydiffusionofsmall

molecules,butbythemobilityoflongerpolymerchains

(Vyazovkin&Sbirrazuoli,2006).Therefore,anincrease
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Fig.7.Eα changesofmodifiedUFresinsbysodium
bisulfiteattheF/Umolratioof1.0



CurrentRearchonAgricultureandLifeSciences Vol.30-1

-48-

intheEα isobserveduptoα=0.9.Later,theEα curve

takesdownwarddependenceasaresultofthetransition

inthecontrolofkineticsfromchemicalreactionto

diffusioncontrol(Alonsoetal.,2006).Onceadditives

havebeenaddedtoneatUFresin,allEαcurveswere

belowthatofthecontrolresin.Theseresultsindicated

thatalladditivesreducedtheEαofUFresinswiththe

F/Umolratioof1.0(Figs.7-9).AsshowninFigs.7

and8,theEαvaluesofmodifiedUFresinsat1wt%

ofsodiumbisulfiteandsodiumhydrosulfiteresulted

inacontinuousdecreaseandincrease,whichcouldbe

attributed to diffusion controlledreaction or

incompletelycuresystem(Vyazovkin&Sbirrazuoli,

2006).Andthe1wt% acrylamideshowedaslight

increaseintheEα valuesatthebeginning,whichcould

beexplainedbyhigherviscosityofthemodifiedUF
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Fig.8.Eα changesofmodifiedUFresinbysodium
hydrosulfiteattheF/Umolratioof1.0
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Fig.9.EαchangesofmodifiedUFresinsbyacrylamideat
theF/Umolratioof1.0

resin.Thenitdecreasedatα=0.8beforeanincrease

againatα=0.9,whichmightbeduetoanautocatalytic

mechanismaswellasthemechanismofviscosityrelated

diffusionasreportedintheepoxyresin(Vyazovkin&

Sbirrazuoli,2006).Threeadditivesat3wt% level

showed a similartrend,where the Eα values

continuouslydecreased,whichcouldbeduetothe

viscositycontrol.Exceptforthesodiumbisulfitewhere

theEα increasedagainatfinalstageoftheresincuring,

thisphenomenoncouldbeexplainedbyachangeinthe

curingprocessfromnoncatalyzedtoanautocatalytic

mode(Vyazovkin&Sbirrazuoli,2006).From these

threeadditives,thesodiumhydrosulfiteat3wt%(Fig.

8)gavethelowestEα valueforUFresinwiththeF/U

molratioof1.0.Itshowsthatthesodiumhydrosulfite

reactsreadilywithformaldehydesolution(Paschetal.,

1990).Asaresult,itneedlowenergyinorderforthe

modifiedUFresintocure.

CONCLUSIONS

Thisstudywasundertakentoinvestigatetheeffects

ofadditivetypesandlevelsonthethermalcurekinetics

ofneatandmodifiedUFresinsusingisoconversional

method,resultedinthedeterminationEα.Thefollowing

conclusionsweremadefromthisstudy:

1.TheEαvaluesofneatUFresins(F/U=1.4and

1.2)consistentlychangedastheα increased.Neatand

modifiedUFresinsofthesetwoF/Umolratiosdidshow

adecreaseoftheEα atthefinalstageoftheconversion

whiletheEα ofneatUFresin(F/U=1.0)increased

astheα increased,indicatingthepresenceofincomplete

cureaswellasstrongdiffusioncontrolreaction.

2.Theisoconversionalmethodindicatedthatthermal

curekineticsofneatandmodifiedUFresinsshowed

astrongdependenceontheresinviscosityaswellas

diffusioncontrolreactionatthefinalstageofthe

conversion,whichwastypicalattheF/Umolratio(F/U

=1.0).
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