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DifferentidL~~~(DSC)hasberenusedtostudythe~- 

dencyandm?Lm@m&csofcuring behavbrofmsaixlmedpolyesterresinswith 

differentcatalyticsystemrs. 

-curing reactimofathemxet resinlikemsaturatedpolyesterswithsty- 

~asacrossllnking~tatroantenperature,~l~thepresenceofanor- 

ganicpereacideinitia~andapmmter thathkcesbychmlicalred~ofthe 

peroodde,free=li=l pmdwtbnatlowtmqeratures. 

DpESlliCandisothermal nmswtxeperfoxnxzd forexhinitiator/piumtercmbi- 

M~inordertostudyitsinfluenceingelandcuringtimes,~~cheat 

andcure reacualkhetks. 

Inthispaperwewill~ttheresultsobtainedfnmdyMmiccdlor~~ic 

~~~thatshowthegreateffectofthekindofcatalyticsysteminthecu- 

ringbehavior ofttmzresin.Fbrapartimlarinitiator/p~ ratio the presen- 

ceofmrethancne~cpeaklxveals differentkineticpmcessesthat us 

attributetodeocnpositLonofinitiatorby~~ff~tp~ses:~~re- 

dU&iOnproMkeabythe~and~ demlposition. 

ItmmxKmm 

organicpmxidesarethe~t- h+i.atorsinunsaturatedpolyesterap- 

plications. Iieatandtemperaturewuldbeused to indmedeccqxxition.~anyap- 

plicationscallf0rrcan-Nature cure, in this case, anacceleratororpro- 

moterisneeded~indueef~radicalproductionbychemicalreductionofthe~- 

roxide. Different initiator/pramter ratios produces different gel and curing ti- 

msarxlinflumces also the cr0sSlinking nature of cured resin and their glassy 

state (1) (2). 

F3ymansofDSCisothemal and,dynmic viencesit is possible to know gel 

and Curing times, exothermic effects and kinetic paramkers (3)(4). In this paper 
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moamaerciallyavailablegeneralpurposeunsaturatedpolyesterresinssup- 

pliedbyRioIbdaxm(Spa.in)with~ialmnnss Estratil A-226 ti FSlxatil 

A-100 were used for the study. The base pOlyester of both ansist of Nthalic ark- 

hydrids, male.i.c anhidrids and px~ilene glycol with a mle ratio of 3:2:5: and 

3:1:4 respectively obbimd byWR.lSey wereS4@edwith35wt%and33wt% 

reqectivelyofstyreneasacrosslinkingagent.Theresinsaml&nsd aprcprie- 

taryinhibitorarrlwereueedwithoutrsmvingit. 

IncuringtheresinsweusedGodifferentcatalyticsysteras:Benzayl~- 

de (BP) as 50% dispersia~andN,N-dimthylaniline (LW asmanda 50% 

soluticnofmthylethylkebmeperc&de WEKW indibutyl@Malatewitha6% 

ccbaltcctoate (CCC) solutialinph&Ilate.Allt&semateridlsweresuppliedb;r 

Akzo Chimie. 

Calorimetric i.nstmm~~andprocedure 

Thscaloriuetric masummntsWsrecarried outusingablettbr =equipped 

withaccntmlandpmgrmmingmit(I?icropaocessorTClOmdcabHmtriccsll 

D6C 20 amangsd to pmnZt tsqerature scans to -10 to 600 "C). II order to slm- 
~~calmirnetricresirltsand~izethecalorimetricsigM3.per~tof 

~ght~theeqerim?ntalDsCdata WretransferredandstareditltoaIK+mcar~ 

plterusingaserialdatainterfaoe(EIARS23X).Withthehelpofour~and 

am=cialsoftwarethedataweRavaluatedandplotted. 

Astandard sanplewas ~reparedbymixing10 g resinwith thedifferentprqmr- 

tionsof initiatorandpramter foraboutlminute. Therequiredqmuntof sa@e 

(lO-12mg)waskRighsd intoaprevimslyweighed sample pan, sealedandplaced in 

thsD6Ccemforeachmeasurenent. hedyniWcscans-perfoInlsdfrcmo~cto 

250 Oc, usingapmgrmed heatingrateoflo OC/minandanitrcqnabmsphsm. 

Table1shcwsthedifferentrhingpzqmums &baseresin,styrene,inftiator 

andprumterused. 
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TABLE1 

~FmPoma=ofresin,styrene, 
initiatorandprollpter. 

No ref 

1 

2 

3 

4 

5 

5 

7 

8 

9 

LO 

11 

12 

13 

14 

15 

16 

17 

t 
Wt% resin 

A-223 

65 

65 

65 

65 

65. 

65 

65 

65 

65 

65 

65 

65 

65 

65 

65 

-. 

A-100 
-_ 

67 

67 

r WtX styrene 
- 

35 

33 

35 

33 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

35 

t- 
WtX initiator * 

BP 

- 

2 

2 

2 

"2 

2 

2 

2 

0.03 

0.50 

1.00 

3.00 

EKP 

t- 
W tX pranoter ** 

CO0 

.lO 

.17 

.25 

.50 

.50 

0.2 

2.5 

5.0 

10.0 

*parts per hundred (resin+ styrene) ** partsperhundred (resin+ styrene) 

Figs.1and2shcwdynamicalexothenaicalpsaks~ fKmcllringthebm 

re&lswithBPandMEKeMtiatarswitlxnlt prxmtem.Fareachinitiatorsys~ 

dYO=peak ammrsappmximtelyatthesmetmprature.Theexothenaalheat 

varfeswlthtkkildofresinbutitis appmdnm~ythssameforeacfiM~tor 

sysm. (seeTable2). Acom%ngtothelLtera~(5)wsasslEthatthsheat 

gfSleratedduringthsalreis ~totheINajwof~vedoublebonas 

~tinthepOlyester.Ascanbe~,resinA-226isllprereacti\rethan 

resin A-109. 
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TABLE2 

overall exotzIlezMc lIeat and psak tall- 

peratures for the resin A-228 and re- 
sin A-100. (Table 1, Refs. 1,2,3 and 4) 

RESIN INITIATOR 

i 

F&g. 1. i&at flow versuS ttsn&xXaU 
for ti resin @I) A-228 ant3 &) A-100 
activa&Xl with B'P (Table 1, Ref.l. and 
Ref.2). 

Fig. 2. Heat flew versus teqx?rature for 
the resin fbJ A-228 and (0) A-100 actim- 
ted with Mekp. (Table I, Ref.3 and Ref.4). 

This result is also confirmd h51 the initiator/m&n ratio is changed (se+? 

Fig. 3). t?iamples initiated with BP frcm 0.5 to 3 wt% show a single * tzewera- 

ture rangZng frm 129 to 114 *C. The differences in the overall c$xmmmicht 

can he attri.buted to the ~iti~ heat of the initiator.. With a smsll amwt 
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Fig. 3.Hentflcmversus temperature for 
the resin A-228 with different W propor- 
tiau. (Table 1, m Rzf.1, (O)'Ref.lrl, 
QD IQf. IS, a) Rd.16 and (m) Ref.17). 

Fi&~4and5showclynmical exo&emic peaks of curing qles of A-228 resin 

withtheshsproporticnofhitiatoranddifferentoarportians ofaaderatir 

~the~andcaO~catalyticsystenrs.Thepositicnand'thef~of~ 

first peak varie8 tiul*t.he B of pr==t=used.mP=== of lmre than 

cneemthemkpeakiSFrequentlyreporbdintheliteratureferepcmycuringsys- 

terns (8)(9) and is attributed to different kinetics rewticm of their aqments. 

lW.rlmsaturatedpolyesterresins,Avellaandcmmkers (10) suggested that the 

firstpeaklaayberelatedtocrosslink~aeaandtbeseandpeakto~ly- 

merizaticnofthemaleicdoublebads.Inaucaee,frnmthe~imentalresults 

obtalned,weattributedtitwopeakstothschsndmland themaldeazqositicm 

ofinitia~anakineticampetitialofthesetwo~. wssuggestthatti 

firstpeakisthere~tofthepartialdecarposifionofinitiatarinducedbyche- 

lnicalxdllctimofthe~.Inarmsequenoe, thepDsiticnandthefornlofthe 

peak is flmcual of ths p mmter/initiator ratio.lbe seamdpeakthattakes pla- 

ceaFgrmdmatelyatthe~terperatureinall~imentsandcoincideswith 

thetenperatureofthe~cpeakwithautp~~.Itcanbeas~that 

it is relatedtotk temaldeaqmsitionofresidualinitiator. 

Peak tmperatures of the first exothermalpeakando~~all exothmichatfor 

the two catalytic system used are plotted in fig 6. 1tcanbeseenthatthepeak 
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-Lo 4.P 

Fig. 4. &at flow verwl~ 
for the resin A-228 with BP and d.iffe- 

=w=at=e Fig. 5 Heat flaw m telperarnfat 
the resin A-228 activated with- & 

r=tmof,m. mable1, @ 
kf.1, (0) w-5, (0) Rzf.6, ca, M-7, 

~fferentPnwxuawofcoo. @able 1, 

M Rd.8 and (0) I(lef.9). 
* Ref. 3, (0) Ref.10,' (0) mf.u, (0) 
Ref.c! and a Ref.13). 

tenperatureofthefirstpeakdiminisheswiththe~tof m/Ma= 

ratio.lbseresultsagreewiththefactthatthepmwter acceleratesthecuring 

pIucesSandeMblesittotakeplaceatroan&sqeratures. mess,tbw 

Ucproczssof~~reductionandthepos~~ityofasolelyy initia- 

tar~itioninplythatthematetial~~11bepartially~.Thiscb? 

bematedby ~=~byobswing themr3mEofthelml FQlyme- 

rizationthatcanbeinducedduringa~txxweoftheszmple (11). 

cmthe*hand,theiJwxmntof pramter/initiaWrratioandthepmdwtim 

offasterratesofinitiat.ionwillproducesharter'geland curet.ims.Thebtal 

extentofcureandthe~~ofthecrosslinkednratrixforrnedcanbeaff~ 

bythisinitiationprocess. InFig. 6itcanbeseenthattheovwxllheatxeac- 

tionofsmplesactivatedbybothcatalyticqs~ Almipislvrnwiththeirrcre- 

nEntofarmmtofp~ used,althuw#kaftera cerkain pramter/initiabx ra- 

tio, the~~of~prcmDterproduCeagnlyaslighteffectin~cheni_ 

cal~ition.E‘l;qmthese~nrentalresultsitcanbssuggestedthatthe 

curingofaresitlbychenicaldeaxqqsitionofthe initiatoratlowtmperati- 

rescanmke it msible forthesystemtoreacha cerMnextentofcuxe.At 

hig~tenperature,the~tofcurewouldbe~~thanatl~oneS.Ge- 

lingandpartialvitrificationi.rdu&inthe initialcuring process oouldex- 

plain~ythis~(12).Thepostcure~~~,thatarewidelyusedin 

industrialpmcesses,willmke it possibletoobtainacuredrnaterial inasta- 

te that will be different dependins on the first stage of curing process. 

cc.wLm1cEls 

-The catalyticpmter/initiator systemplays an i3qnrkmtrole in thekinetic 

Ningprocessof~saturatedpolyesterresins.~lD6C~imentsexhibit 
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Fig. 6. Ouerall exehen&beatandpeak~~farthe~A-228evatea 
withdlfferentm?i/SPanaooo~ra~. 
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