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Summary 
EPDM peroxide vulcanisates, cured in the presence of the coagent triallylcyanurate 
were swollen in various liquids and the Flory-Huggins parameters were determined. It 
was found that the presence of triallylcyanurate in the network did not influence the 
value of the X-parameter significantly. This result was explained by the fact that the 
coagent is not homogeneously distributed in the elastomer matrix. Furthermore, it was 
demonstrated that crosslink densities with highest accuracy could be calculated from 
equilibrium swelling data, using swelling agent-vulcanisate systems with low X-values. 

Introduction 
Frdm our studies on EP(D)M peroxide vulcanisations in the presence of coagents, it 
was concluded that during the vulcanisation the coagent had been incorporated quanti- 
tatively in the network (1). The presence of a coagent in the vulcanisate might have 
an influence on network characteristics, such as swelling behaviour. 
It has been reported, that the interactions of liquids with sulfur-cured elastomers are 
influenced by the composition of the curing system (2,3). During sulfur curing, sulfur 
bridges are formed, which shorten during the vulcanisation. In addition, vulcanisation 
results in grafting of polar accelerator residues. The ultimate length of the various 
crosslinks and the extent to which incorporation of the polar moieties takes place, 
depend on the composition of the sulfur vulcanisation system and the curing condi- 
tions. Thus, for two vulcanisates, cured to the same extent with different sulfur 
vulcanisation systems, the Flory-Huggins parameter (X), which is a measure for the 
interactions between a network and a swelling agent, will not be the same as a result 
of the different polarity of the networks. 
The X-parameter for liquids with elastomers, cured with a peroxide, does not depend 
on the composition of the vulcanisation system, Le. on the type of peroxide (4), which 
seems plausible because during the vulcanisation no polar groups are introduced into 
the network. However, addition of a coagent to the peroxide vulcanisation system 
might change this situation, due to incorporation of the coagent. 
As an example of EP(D)M peroxide vulcanisations in the presence of coagents, the 
effect of triallylcyanurate (TAC) on the interactions of EPDM networks in various 
swelling agents will be described in this paper. Furthermore, the accuracy of determi- 
ning the elastically active network chain density (Pe) from equilibrium swelling 
experiments in various swelling agents will be discussed. 
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Experimental 
Materials 
Dicumylperoxide (= DCP, Perkadox BC, ex Akzo, Deventer, The Netherlands) and tri- 
allylcyanurate (= TAC, ex Merck, Darmstadt, Germany) were purified by recrystallisa- 
tion from methanol. Ethylene-propylene terpolymer (= EPDM, Keltan 4703, ex DSM, 
Geleen, The Netherlands, 54 wt% ethylene, 8 wt% ethylidene norbornene, M n (GPC- 
DRI) = 90.000 g/mole) and the swelling agent s benzene, chlorobenzene, n-heptane, 
cyclohexane, tetralin and decalin (ex Merck, Darmstadt, Germany) were used as 
received�9 

Sample preparation 
The elastomer was mixed with DCP (0.3 - 2.0 wt%) and TAC (0 -2.5 wt%) on a labora- 
tory mill. Dumb-bell shaped specimens were vulcanised in a hot press (185 ~ 5.5 
min, 10 MPa) and used for both stress-strain and equilibrium swelling experiments. 

Determination of Flory-Huggins parameters 
The vulcanised samples were swollen in decalin by a factor 2-3, prior to the stress- 
strain experiments, in orderto minimise intermolecular interactions. The elongation was 
measured discontinuously by increasing the load every 30 s. Measurements were 
repeated at least 3 times and P'e was calculated from a Mooney-Rivlin plot (5). Next, 
Flory-Huggins parameters of the same vulcanisates in various liquids were calculated 
from their equilibrium swelling behaviour at 20 ~ (5). 

Results and Discussion 
The calculated values of X for the various EPDM-swelling agent combinations are 
plotted in Fig. 1 as a function of v 2. It can be seen that for a given v 2 of an EPDM 
compound vulcanised in the presence of TAC, values for X were obtained, which dif- 
fered not significantly from those of EPDM compounds, vulcanised without TAC. 
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Figure 1 Influence of TAC on the relationship between X and v 2, for the interaction of peroxide cured 
EPDM-TAC networks with various swelling agents (20 ~ 
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Fig. 1 shows that, although the EPDM network had been modified by covalent binding 
of more than 2 wt% of a polar species, no significant change of the network-liquid 
interaction had occurred. These results are in contrast with those of studies on the 
influence of sulfur and grafted sulfur accelerator residues on network-liquid interactions 
(2,3). 
This discrepancy can be explained by considering the different vulcanisate morpholo- 
gies. Accelerated sulfur vulcanisation yields a network with a homogeneous distribution 
of sulfur bridges (and pendant accelerator residues), resulting from the reversible 
nature of the crosslinking reactions. Therefore, when using different types of sulfur 
curing systems or by changing the concentration of sulfur and sulfur accelerators, the 
bulk polarity of the networks will be different. For a peroxide cure in the presence of 
TAC a different situation exists. The coagent is dispersed in domains, whereas the 
peroxide is more or less dissolved in the elastomer-coagent blend (6,7). The hetero- 
geneous blend structure will not change during the vulcanisation and the elastomer 
matrix is crosslinked in the same way as in the absence of TAC, whilst spots with high 
crosslink density exist locally near coagent domains. Thus, the bulk polarity of the 
vulcanisates only slightly changes by the presence of the coagent, which explains the 
negligible effect of the presence of TAC on the network-liquid interaction characteris- 
tics, as expressed by X. 
The data in Fig. 1 clearly illustrate the absence of an effect of the coagent on the 
network-swelling agent interaction, which was observed with all the swelling agents. 
The accuracy in determining X becomes better with increasing X values, which is 
obvious when using e.g. benzene. This is probably the reason why benzene has often 
been used as a swelling agent for determining the crosslink density of EPDM networks 
(8-11). However, not only the accuracy of X, but also the sensitivity of ,u. e for the value 
and the error of X governs the overall accuracy for determining the crosslink density 
of networks. 
The error in #e for a single measurement equals the sum of the partial errors of Xand 
the polymer volume fraction of the swollen network (v2), assuming no error in the molar 
volume of the swelling agent (V1) and T, respectively (Eq. 1). 

(h#e = (hv2(G~tJGV2)x + ~3X(GPelGX)v2 (1) 

~v 2 is correlated with the accuracy of weighing and was taken as + 0.004. The partial 
derivatives (G#JGv2) x and (GI%/SX)v 2 were obtained from differentiation of the Flory- 
Rehner equation (5). The deviation of X had to be determined from partial differentia- 
tion of X to v 2 and ~t~, respectively. 

(hX = t~#e(GX/G#~), ~ + (hv2(GX/Gv2),e (2) 

The partial derivatives (GX/G#e)v 2 and (GX/Sv2),e were also obtained by differentiation of 
the Flory-Rehner equation, whereas (hl.t ~ was estimated from the error in the stress- 
strain experiments. This error is largely determined by the error in determining the 
original cross section and the initial length of the samples, being similar in all 
experiments. It was assumed that f'~J.e/~.,Le amounted to + 4%. 
From this analysis the relative error in I~ was determined as a function of v 2 for a 
number of swelling agents (Fig. 2). 
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Figure 2 Dependence of the relative error of 
I~ on v 2, calculated from equilibrium swelling 
data in various liquids. 
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The results clearly show that crosslink densities of EPDM vulcanisates could be deter- 
mined with a high accuracy when decalin was used as swelling agent, in spite of the 
relatively scattered data obtained for the relation between X and v 2. 

Conclusions 
The results of the experiments described in this paper show that the presence of the 
coagent TAC in EPDM networks did not influence the X-parameter for several elasto- 
mer-liquid systems. This result was explained by the fact that the coagent is concen- 
trated in domains, thus having only a marginal influence on the bulk polarity of the 
network. Therefore, we assume that other coagents have also no influence on the 
network-liquid interactions, provided the elastomer-coagent system is phase separated. 
Furthermore, it was demonstrated that different swelling agents for determining the 
crosslink densities of vulcanisates yielded values of #e with a different accuracy�9 In 
general, it can be stated that crosslink densities with highest accuracy will be obtained, 
when vulcanisate-liquid systems with a low X-parameter are used. 
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