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A kinetic modelis presentedor the post-gelationperiod
of free-radicalcrosslinkingcopolymerization.The model
takesinto accountthe trappedradical centersin the gel
forming system.It was shownthat the weight fraction of
sol, W, relatesto the number of crosslinkedunits per
weight-averaggrimary molecule ¢, throughthe equation

(—)n,z— where n = 2 for FIorys most probable
moIecuTar weight distribution, and n = 3 for primary
moleculesformed by radical combination. Calculation

resultsdemonstrateahat the existenceof trappedradicals
significantly affectsthe growth rate of the gel molecule.lt
increaseghe total radical concentrationand accelerates
the gel growth. The differencein the predictionswith and
without consideringthe trappedradicalsbecomessignifi-
cantasthe crosslinkerconcentrationrdecreasesr, asthe
vinyl groupreactivity onthe crosslinkeror on the polymer
decreases.
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Intr oduction

The prediction of the gel growth in free-radtal crossink-
ing copolymerizaton (FCC)is oneof the major problems
in the production of crossinked materiak. This is mainly
dueto the lack of understandig of diffusion cortrolled
reactiors?. However negleding thesenonidedities, the
growth of a gel molecule in a crosslinkng systemcan
easily be treaed within the context of the statisticalthe-
ories. The pattition of polyme units betweensol andgel
in anideal gelling systemwasgiven abouthalf a century
agoby Flory a&:

W= 3 WL - p(1— W ®

r=1

whereW; is the weight fraction of sol, w; is the weight
fraction of primary moleculescomposeddf r units, andp
is the crosslinkdensty. Eq. (1) suggeststhatin arandom
crosslinkng process the gel fraction W, (= 1-W,)
dependson the overall crossink dersity of the reaction
systemand on the molecuar weight distribution of pri-
mary molecuks. (Primary molecules are the molecules
which would resultif all crosslinksin the reactionsystem
were cut.) For a certain molecular weight distribution,
Eq. (1) simplifies to®:

Swr=t @)

i=1

(n=2and3)

where¢ is the numberof crosslinkedunits per weight
averageprimary molecule, n = 2 for Flory’s most prob-
able molecula weight distribution, i.e., if the primary
molecules in FCC form exclusively by chan transferto
small molecues or by termination via disproprtionatian
reactions,and n = 3 for primary molecules formed by
radical combindion. Eg.(2) also known as Charlesby
Pinnerequationis still widely usedin the chalcterizatio
of gel forming systens.

Oneof theunrealstic assumpionsusedn thederivation
of Eg. (2) is the randomformation of crosslinks between
the polymer molecules.In orderto removethis assump
tion, Tobita and Hamielec devdoped a crosslinkdensity
distribution (CDD) model, which predictsthe crosslink
densitiesof primary moleculesdependig on their birth
conversion8. The CDD model showsthat the crosslink
densitiesof primary moleculeslargely devige from the
overallcrasslinkdersity of the systemdueto the different
reactiviies of monomeic and polymeric (pendant)vinyl
groupsaswell asdueto thecyclization andmultiple cross-
linking reactiors*®. Theseauthorsand later on, Zhu and
Hamieleccombinel the CDD modelwith gelaion models
to incorporde the effect of CDD on the growthrate of the
gel molecules”®. Calculation resuts show however, only
aslight differencein the predictionswith andwithout con-
sideratian of theCDD of polymers.

Anothe unrealstic assumfpion involved in the deiiva-
tion of Eq.(2) is the random termination of radicals
throughait the gel formation processin otherwords,the
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radical centers locating on sol molecules and on the gel

areassumedo hawe the samereactiviiesfor termination.
However in freeradical polymerization, termination
ratesof radicak areknownto be diffusion contrdled dur-

ing the courseof thereaction.In crosslinkng polymeriza-
tion, termination reactiors are evenmore hinderedafter

radicalshecomeattachedonto the gel molecue®. Indeed

radicals with lifetimes of several months have been
detectel in FCC* and the lifetimes were found to

dependon the crosslinkdensityof the gel?. In suchsys-
tems,it is eay to imaginethat the maaoradicalson the
gel areimmobile (trapped)in thetime scaleof the kinetic

events. Under these conditions, termination can occu

only by diffusion of the radcal chain ends toward each
otherasareslut of their propagatimal growth (“propaga-
tion diffusion” or “readion diffusion” mechanisni-*%),

Recentexpeimental works denonstratethe importance
of the propagtion diffusion mectanismin the termina-
tion of gelradcalsin highly crosslinkedsystem&17),

The effect of the diffusion cortrolled terminationreac-
tionsonthe growth rateof the gelin FCC systens hasnot
beenexanined. However for polymermadificationswith
crosslinkng, Zhu recerly developeda model, which
takesinto account the diffusion contrdled termination
reactiors'®. His calcuation results indicate significant
acceleation of the growth rate of the gel comparel to the
results prediced by the random termination models®.
However this modelcannotbe appliedto the FCC system
becausethe derived momen equatiors are not closed
(i. e.,the momern of the polymerdistribution dependson
the next higher moment), so that the resulting equdions
cannotbe solved.

Here, we presenta gel growth model for FCC which
takesinto account the nonrardom termination of radicals
in crosslinkng systens. The model assume that the ter-
minationreacton of radicalcentersboundto the growing
gel molecue with eachother occursby propagtiondiffu-
sion mecanism. A gel growth equaion was derived
using the method of momerts. The calcuation resuts
werecomparedwith the predictionof the classicaltheory
(Eq. (2)) aswell aswith the experimeial datataken from
theliterature.

Theory

Thereactionsystemin FCCbeyondthe gel point is occu

piedtotally by agelmolecuk (we assumeaophasesepaa-
tion in the system) containingthe monomes andthe sol
polymers(Fig. 1). In our notatimn, symbols with a prime
andwith adoubleprime denotethe specislocatingonthe
sol molecuksandon the gel, respectiely, whereasthose
without any prime refer to overall specis. Threetypes of

vinyl groups exist in FCC of vinyl/divinyl monomes,
namely those on monovnyl monomer(M,), on divinyl

monomei(M,), andonpolymerchairs(i. e.,pendantinyls

gel _Jdivinyl monomer
—————— sol = monovinyl monomer
* radical  _|pendant vinyl

Fig.1. Schemeof propagationand crossinking reactins in
FCC of vinyl/divinyl monomersheyondthe gel point. kyi (i = 1,
2, and 3) is the instantaneosi propagatiorrate constant defined
inref.>20)

Ms). Theradicalcenersarecategaized asbeing eitheron
sol maleculesor on the gel molecue. Sincethe molecula
weight distribution of sol molecuksis infinite at the gel
point andis verywide beyondthegel point,radcal centes
in the sol locateon molecuksof varioussizes.Thoseon
smal molecues are compaatively mobile whereasthose
on big molecules, asthe gel radicals,areimmobile sothat
theycanonly moveby propagéondiffusion.

Radical centersare generatedn the sol phaseby the
initiation reaction with a rate r,. Radical centes thus
formed on the sol molecuks (R’) can attack the vinyl
groupswith the instantarousrate constan? k, wherei
derptesthetype of thevinyl group(i = 1, 2, and?3). If the
solradcalsreactwith the pendantvinyl groups onthegel
(M3), they aretransferredto the gel andbecomegel radi-
cals. Radical centes formed on gel (R”) canalso attadk
the vinyl groupsM; and M,, but they canrot attackthe
perdant vinyl groups M; due to steric reasons(Fig. 1).
Thus, the rate equations for the concentrations of the
vinyl grougs M; are:

M)
MR (3
)

i = MR (3b)
I Ko MIIR) — ool R (39
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wheret is thereacton time. Therateequaton for thefrac-
tionalmonomerconversionx follows from Eqgs.(3) as:

dx

dt
where[M]y is theinitial monomerconcentration.Egs.(3)
canbe usedto calcuate the vinyl group convesionsasa
function of thereacton time t in FCC.Howewr, it is pre-
ferableto usethe monomerconversionx as an indepen-
dent varable instead of time t. Dividing Eqgs.(3) by
Eqg. (4) oneobtans therateequdionsfor thevinyl groups
with x astheindepemlentvariable , which areindepenént
of theradicalconcentation. Note that, asdefinedin ref,
the instantaneus propagatio rate constat k, is not a
constantbut is changirg with time or monomerconver
sion, dependig on the type of the radicalend. Here, for
the sakeof simplicity, the instantaneoupropagtion rate
constantareassumedo beindependenbf converson.

= [M]Sl(km['\/ll] + kpz[le)[R] (4)

Radical concentration

The gel radicalscanterminate with eachotherby propa-
gation diffusion with rate constantk,g, The sol radcals
canterminate with eachother or with gel radicals.Let us
considerthe terminatian reacton of a sol radical on a
“small” molecuk with sol radicalson “large” molecules
or with gelradicals.Smallmolecules aredefined asthose
below a critical crossink densty anda critical molecukr
weight; we assumehatall of thesesmal moleculeshave
the samesdf diffusion coeficient. Sincethe radicalcen-
ters on large sol and infinite large gel maecules are
immobile on the time scaleof the motion of the smal sol
radical,the termination rate constant only dependson the
diffusion coeficient of the small sol radical. This mears
thatthe small sol/geltermination rate consantis equal to

the termination rate constant betweensmall andlarge sol
radicals.On the otherhand,the termination rate consaint
betweerntwo smallsol radicalsdepend®n the mutual dif-

fusion coeficient of both molecuks so that it is utmost
twice that of smal sol/gel and small sollarge sol mole-
cules. Howeer, since the numberfraction of small sol
radicalsis smal, it is reasmableto consder a singleter-

mination rate corstantfor the readions betweensol/sol
andsol/gelradcals. Here, we definek; asthe termination
rate constaint betweensol/sol and solfgel radcals, which
is the sum of the terminatio rate constantsy coupling
andby disproprtionatian, k. andky, resgectively (k; = K
+ k). This termination model thus assunesthat the ter-

mination rate in the sol is dominatedby smal/large sol
termination everts andis similar to the short/bng termi-
nation model of polymer radicalsin linear free-radcal
polymeization'®. In ref!®, the maaoradicalsin linear
polymerization are categrized as being either short or
long radicals,whereaghe shortradicalsareoligomericin

length.Here, we extendthisimageto the sol andgel radi-
cals of freesadical crossinking copolymeization. More-
over, in ref19, the termimation rate constantis dependat
on the chain lengh of shortradicals; hete, we assigna
single rate consant for termination betweensol-sol and
sol-gelradicals.

Let ¢s be the fraction of radical centersin the sol
betweenthe time interval t andt + dt, and S be the frac-
tion of radicalsthat terminatein the sol and becomesol
polymer Using therate theory f canbegivenas:

_ kip?
kg? + 2kipo(1 — 0q) + kigg(1 — 05)°

B

¢2
= 2s ©)
1-(1—09)"(1—kgo/k)

The factor 2 in Eq. (5) takesinto account symmetical
sol-gelandgel-solterminations.Eq. (5) andthefollowing
equatiors will besolvedfor two limiti ng cases:

1) kgg = ki, 1. €., theradicalsin FCCterminatein aran
dommamer. In this case Eq. (5) becomes

B=¢t (5a)

2) The radicalson the gel molecule are trappe, i.e.,
the termination rate corstantby propagtion diffusion is
much smalle than k (kg < k). In this case Eq.(5)
reducego:

p=0d(2-9) (5b)

The radicalsin the reacton systemare generatedby
theinitiation reacton andthey areconsumecdy termina-
tion reactons betweensol/sol, sol/gel, and gel/gel radi-
cals so that the rate equaion for the radicals(sol + gel)
canbewritten as:

dR 2 2
- n —k[R%e;/p (6)

Introduwcing the steadystateapproxmationinto Eq. (6)
yields:

R~ Ro( 4 )1/2 )

where[R]o = (r/k)Y2. Eq.(7) togetherwith Eq.(5) give
thetotal radicalconcentationas:

Rl
[1— (1 - ¢9)*(L — kgo/k)]"”
indicating that the radical concentation in the readion
systemincreaseswith decreasingps due to the simulta-
neousincreaseof the numter of radicalstrappedin the
gel (1-¢y).

R = (8)
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For ca®e 1 (rancom termination, 8 = ¢32), Eq.(7)
reducego

[R1 =[Rlo (8a)

i. e.,for a constant initiation rater,, the radicalconcenta-
tion in thereacton systenremairs corstant.
For case2 (kg < ki), EQ. (7) is givenby:

(Rl

AT

(8b)

Moment equations

The calculation of the distribution of polymer units
betweenthe sol andthe gel requiresthe concentation of
macroradtals and polymersin the readion system.Con-
sideringthekinetic eventsshownin Fig. 1, onemaywrite
the following differential equatons for the concentation
of sol polymer radicals([R/]) andsol polymermolecules
of degeeof polymerizationr ([P/]):

_dEth*f'] =+ kM1 - a) R - [R]}
+ (1 — a)kg i[M'z.ﬂ[R—J—ﬂ — K [M:][R]
— (Is[M{] + k[R))[R] (99)
dP] .
= kRIR
+ 05k S (1- a)RIR J — kM5 [R] (9

s=1

(r=1,2,3,...,a,=0forr>1anda; = 1)

whereM3, denoteshe pendantvinyl groupsbelongingto
sol molecukes composed of r units so that the total con
centration of perdant vinyls in the sol is given by
[M3] = 377, (M.

Defining the nth momen of the radcal and the poly-
mer distributions in the sol as Y, =" r"[R] and
Q,=>_", [P/, resgectively (n = 0, 1, 2, ...), Eqs.(9)
yield thefollowing momern equatiors:

dd—\:”,: N+ (1—an){221:kpi[Mi]nZ_;( C)YVIJFKPB[MQ

n—

1 ( \r; )Y\;QEHV)‘HI/Q{} — (ks[M#] + k[R)Y: (10a)
dQ,

o = KaYoY; + 05K, Z( 0¥

v=0

—7kea[M3] YoQh. 1/ Q1 (10b)

wherea, =0forn>0anday,=1.Fory =1, Eqgs (10)and
the following equaions describethe momentsof the
branched molecuks. For vy = 0, they reduce to the
moment equatiors of the primary moleculesdue to the
fact that the degee of polymerization of primary mole-
culesincrease®nly by oneunit by crosslinkng readions
in the sol. Introducing the steadystateapproximationinto
Eqg. (10a) (dYy/dt = 0), since Y, > Yy, in FCC, the fol-
lowing equaions were obtainedfor the first and seond
momentsof polymers:

T > KaMIR — kMRS (10, af) (113
dQ; 2 nieyy Q3
i 2Y1(Ka/¢s + 1.5ke) — vkos[M3][R] Ql
(1 fa/oy) (11b)
where
ikm['vh]
N Kpa[M3] Q
Vishl (1” Q1>
(12
B Koa[M3]
95 —ﬁ<l+ KR ) (13)
a=1— kki (1— ¢y (14)

Aboutthe aboveequatonswe herenote the following:

1) For the sakeof clarity, the equatiors ignore volume
cortraction during the polymerization, cyclization, and
multiple crosslinking reactons. Althoughthesefeatres
of FCC canalsobe accountedor®2%2Y, our purpcse here
is to highlight the effect of the diffusion controlledtermi
nationreadionsonthegel growth process

2) The equations given above also ignore the chain
transfer reactions.Chain transferto small moleculesin
freeradical crossinking copolymeization may gererate
oligomeric radicals from the immobile radcal centers
locating on the gel molecuk or on the large sol mole-
cules. Thus, thesereactons will make the gel growth
model complicated.It is known thatthe chain transkr to
smal molecuksis, like propagatim, not generallydiffu-
sion contolled until very high monomerconversionsAs
aresult,at high monomercorversionsat which thetermi
nation reactions slow down, the chain transfer may
becane an importart kinetic event. Thus,the existence
of chaintransfe reactiors or increasingrelative impor-
tanee of chaintranskr with respetto terminatian at high
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monomerconversdons may invalidate the predictionsof
the presenimodel.

3) The momentequationsassune the exisenceof one
or zeroradical cente on eachpolyme molecuk (mono-
radical assunption). Monoradical assumfion nedects
the reactionof a radical centerwith the pendantvinyl
groupson other macroradtals. The monoradcal models
thus count the numberof units on a polyradical with n
radical centersn times. For exanple, the numberof units
on maaoradicalsY;, which shouldbe much smaller than
Q1, goesto infinity at the gel point (Eq.(12)), which is
clearly incorrect. However it has beenfound that the
errorsintroducedby the simultaneoususeof the monora-
dical assumgon and the steadystate assumpon are
minor in the modelling of the freeradical crosslinking
copolymeizatior??.

4) The equationsassune homagyeneoudistribution of
pendantvinyl groups amag the polyme chairs. The
validity of this assumfion was confirmed previouslyin
FCCsystens®.

5) Introdudng [M3] = 0 and 8 = ¢ = 1 into the above
equaitons, they predictthe molecubr weight distribution
of polymersprior to gelaion andthey areidertical to the
momen equatiors derived by Tobita and Hamieled.
Furthermae, for f = ¢2, i.e., for random termination of
polyme radicals,theseequatiors are identical to those
derivedpreviouslyby the autror?® aswell asby Zhu and
Hamiele®.

Dividing Egs.(11) by Eq. (4), one obtans the moment
equaions with x asthe indepemlent variable, which are
indepenént of the radical concentation. Since in the
pregelaion peiiod gel fraction is zero (a = f = ¢ = 1),
theseequationscaneadly be solved for the momentsof
the polymer distribution prior to gelation At the gel
point, the seond momentof the polymer distribution Q;
goesto infinity. Beyond the gel point both sol and gel
coexst sothatthe seondtermsof Eqgs (11) arenoreero;
thus, since evely moment dependson the next higher
momen, the equdions are not closedfor the postgelatbn
period. This hindes solution of Eqgs (11) in the postgela-
tion periodof FCC.Howewer, anexaminaion revealsthat
Egs.(11) are solublefor the primary molecuks,i. e., for
v = 0. For instance, Eq. (11a) can be written for the pri-
mary molecuksasfollows:

dQl _ (Z k[ (15)
Since Q; representsthe numberof units in the sol, its
value shouldbe the sameboth in the primary molecules
and in the branched malecules. As alrealy indicated
Eq. (15) assunesthattheradcal centerson the gel mole-
cule canrot reactwith pendan vinyls on sol molecules.
This assumgon is critically important to reduce
Eqg.(11a)into Eq. (15), 1. e.,to make Eq. (11a) solvable.

R+ ks[M Hﬂ)

Fraction of radicals and polymersin the sol

The weight fraction of sol W; which is the ratio of the
numberof units in the sol Q; to the overal numberof
units Q, canbeobtainedfrom Eq. (15) as

W =af

For randomtemination (kgq = ki), since f = ¢2, the
fraction of radcals in the sol can be calcdated using
Eg.(13)as:

- (o)

and substituton of Egs.(5a), (14), and (17) into
Eq.(16) leads to the gel fraction equation given by
Flory’stheay (Eq. (2)).

Anothe limit of interestis the casein which the temi-
nationrate constantoy propagationdiffusion ki is much
smaller than k.. Substiution of Egs (5b) into Eq.(13)
yieldsthefraction of sol radicalsas:

(16)

(17)

o k(M
¢ =1 KR (18)
andEqgs (5b), (16) and(18) give:
w— (=" 19)

en+e)?

wheren = 2 and3 for k. = 0 andky = 0, respetively, and
thecrosslinkingindex ¢ is definedas:

_ ( ktc) kpB[Ma]
k ) k[R
Eqg.(19) is the main theaetical resut of the present
work. Compaed to the classical equation (Eg. (2)), it
takesinto account the trappedradical centersin the reac-
tion system Eq.(19) also takesinto accountthe chain
lengthdrift of the primary moleculesduring polymeriza-
tion. As the gel grows, the fraction of radicalsin the sol
¢s decrases(Eq. (18)). This resultsin anincreasen the
total radicalconentration[R] dueto the trappedradicals
on the gel molecuk (Eg. (8b)). As a corsequene, the
weight-aveage chain length of the primary molecuks X,

givenby*20
2
Ksi[M]
You (2 . km> 2
ki k(R]
increasessthe gel grows.Note thatin Eq. (19) the varia-
tion of the primary chain length with convesion is
includedin the crosslinkng index term &, which is the

productof the crosslinkdensityp andthe weight-average
primary chainlength X£°.

(20)

(20a)
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[R1/[R],

Fig.2. (A) Weightfraction of gel Wy shownasa function of ¢
(the number of crossinked units per weight-aveage primary
molecule). The solid curves were calculatedusing Eq. (19),
whereaghe dottedcurvesare predictedby the statisticaltheory
(Eq.(2)). (B) Variation of the fraction of radicalsin the sol ¢s
and the radical concentation [R])/[R], with &. The solid and
dotted curvesrepreset ¢s versuse depemlenciespredictel by
the presen model (Eq.(18)) and by the classi@l theory
(Eq. (17)), respectively The dashedcurve represats the varia-
tion of theradicalconcentationwith ¢

Fig.2A conparesthe gel growth in FCC predicted
usingFlory’'stheay (Eq. (2), dottedcurves)andusing the
presentmodel (Eq.(19), solid curves)for two different
modesof terminatian. Here, ¢ wastakenasthe indepen
dent variablke. The weight fraction of gel W, increases
much more rapidly than that prediced by the classical
theory All thesol molecules attac to the gel, i. e.,thegel
fraction becanesunity ate = 2 (ke = 0) or e = 3 (kg = 0).
However accoding to Flory's theay the gel fraction
neverbecanesunity.

In Fig. 2B, the fraction of radicalsin the sol ¢ andthe
total radical concentration normalizedwith respet to the
radical concentration at the gel point [R]/[R], are shown
asa function of . The solid and dottedcurvesrepresent
¢s versuse dependeaies prediced by the presentmodel
(Eq. (18)) and by the classica theay (Eq.(17)), respe-
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Fig. 3. \Variationof the gel fraction W, with the monorrer con-
versionx in FCC of vinyl/divinyl monomersr,; = 1, rz; = 0.5.
Calailations were for various concentations of the divinyl
monomerf,indicatedin thefigure

tively. It is seenthat our model predicts a much more
rapd consumption of the radical centersin the sol.
According to the classicaltheay, the radical conentra-
tion remairs constat throughout the crosslinking pro-
ces,i.e., [R/[R]o = 1. Howeer, the presentmodel pre-
dicts, as was repeated! obsered experimenally?, an
increasein the radcal concentation during the readions
(dashedcurvesin Fig. 2B). Thisis dueto thefact thatthe
radcals captued by the gel becane trappedand cannot
teminate.

Solution of Egs.(19) and (20) togetherwith the rate
equations (3)—(4) gives the variation of the gel fraction
W, with the monomerconversionx in FCC. The follow-
ing kinetic paranetersand concentationswere usedfor
thecalcuktions:

ko1 = 1% I*-mol-s™

ke=0

kqg=10"I'mad-s?

kigg=0

r =10%I-mao—s?

[M]o=8.0mal/l

Paraméers varied were: a) the mole fraction of the
divinyl monomerin the initial monomer mixture f,0, b)
the reactivity ratio of monomeric vinyl grougs ry; (Kp/
ko1), and c) the readivity ratio of pendantto monomeic
vinyls ra; (ks/ky2). Calculatian resuts for various values
of f,, 21 @andrs, are shownin Fig. 3-5, respectiely, as
solid curves.The classi@l resultsare illustrated by the
dasled curves. It is seenthatthe differencein the model
predictionswith and without accounting for the trapped
radcals becomesignificantasthe divinyl monomercon
centation deceaseqFig. 3) or asthe pendantor mono-
mericvinyl groupreadivity decrease(Fig. 4 andFig. 5).
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Fig.4. Variationof the gel fraction W, with the monomercon-
version x in FCC of vinyl/divinyl monomers.rz; = 0.5, foo =
0.04.Calculatiors werefor variousvaluesof r,; indicatedin the
figure
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Fig.5. Variationof the gel fraction W, with the monomercon-
versionx in FCC of vinyl/divinyl monomersr,; = 1, f,o= 0.04.
Calculatiors were for variousvaluesof r, indicatedin the fig-
ure

In Fig. 6, the predictiors of Eqs (2) and(19) arecom-
paredwith the experimemal datatakenfrom the litera-
ture™®. The experimemal data points were for the cross-
linking copolymeization of acryamide (AAm) and 2-
acrylamdo-2-methylpromnesulfonic acid sodium salt
(AMPS)with N,N'-mettylenebis(acryamide)(BAAmM) as
the crossinker®. Both the crossinker ratio (moleratio of
crosslinker to monomej andtheinitial monomerconcen-
tration were fixed by the experimentsat 1/82 and 0.700
mol/l, respectiely, while the AM PScontent in the mono-
mer mixture wasvaried from 0 to 100 mol-%. Sincethe

X

Fig.6. Variationof the gel fraction W, with the monomercon-
versionx in FCC of acrylanide (AAm) and 2-acrylamia-2-

methylpropaesulfonic acid sodium salt (AMPS) with N,N'-

methylenebigacrylamide) (BAAm) as the crossinker®. Both

the crosslinkerratio (moleratio of crosslinkerto monomer)and
theinitial monomerconcentratiorwerefixed by the experiments
at 1/82 and 0.700 mol/l, respectively while the AMPS content
in the monomermixture varied from 0 to 100 mol-%. Experi-

mental data are shownas symbols AMPS = 0 (e), 40 (o), 60

(A), and 100 mol-% (A). The solid and dotted curvesare pre-
dicted by the presentmodeland by the classicaltheory respec-
tively

kinetic parameterdor this reactionsystemare unknown,
we usedanoter strakgy to solve the gel fraction equa-
tions. One of the assumfions usedin the derivaions is
the random formation of crosslinksbetweenthe polymer
molecules. This assumpion is equivalent to statethate is
alinearfunctionof x, i.e.,

e=l+a(X—x) (21)
wherex, is the monomerconverson at the gel pointanda
is a consant. The critical convesion X, was reported to
be 0.07 in ref? The bestfitting curve of Egs (2) and
(21) for n = 2 to the experimemal W, versusx datadata
givesthe dottedcurvein Fig. 6 with a = 2.438.1t is seen
that the classicaltheory predicts a much steepe rise in
the amaunt of gel thanthe observedesultsfor x < 0.40.
Then,in the region of higher monomerconversionsthe
gelfraction curvegivenby the statsticaltheay gradualy
bendsdownwad apat from the observedendency Cal-
culationresultsfor n = 3 alsogavea similar curve.

Fitting Egs (19) and(21) for n = 2 to the experimenal
data gives the solid curve in Fig.6 with a=0.916
Eq.(19) which neglects the termimation reactions
betweengel radicalsprovidesa much bette aggement
with the experimetal datathanthe statistcal theory
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Conclusions

The existence of trappel radicalsis animportart feature
of gel forming systens. Here, we deriveda gel fraction

equation(Eq. (19)) that takesinto accountthe trapped
radical centersin the reacton system.Calcuation results
demonstrat that the existence of trappedradcals signifi-

cantly affects the growth rate of the gel molecule It

acceleatesthe gel growth andincreass the total radical
concentation. The differencein the predictiors with and
without consdering trappedradicalsbecomessignificant

asthe crossinker concentation decreaesor, asthe reac-
tivity of the vinyl groups on crosslinkeror on polymer

decreases.
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