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Abstract

Six samples of commercial ethylene—vinyl acetate (EVA) copolymers with different vinyl acetate (VA) contents have been pyrolyzed with
and without an MCM-41 acid catalyst in a TG equipment at 10 and 40 K/min and inert atmosphere (N,). The classical shift to higher
temperatures has been observed for all processes involved when increasing the heating rate, being the peak corresponding to the VA domains
more sensitive than that of the PE. Results obtained suggest that the catalytic pyrolysis of this copolymer can be considered as the
combination of the pyrolysis of three fractions: the decomposition of the VA domains, that seem to be unaltered by the presence of the
catalyst; the decomposition of the corresponding polyene residue after its evolution; the decomposition of the PE domains. Thus, the effect of
the catalyst increases as the amount of VA decreases in the copolymer. A kinetic model has been applied simultaneously to runs performed at
different heating rates and catalyst concentration allowing a good correlation of the weight loss data. © 2001 Elsevier Science Ltd. All rights

reserved.
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1. Introduction

Ethylene—vinyl acetate (EVA) copolymers represent the
largest volume segment of the ethylene copolymer market.
The properties of EVA copolymers depend on their vinyl
acetate (VA) contents and products ranging from 2 to 40%
of VA are commercialised for different purposes [1]. The
accumulation of enormous amounts of plastic waste
produced all over the world has negative implications on
the environment, and a restrictive environmental legislation
has forced the economy into extensive recycling activities
[2]. Therefore, recycling plays an essential role in develop-
ing a sustainable economy and must be considered in any
plastic application.

The pyrolysis of organic materials has received renewed
attention due to the possibility of converting these wastes
into useful energetic products or into valuable chemicals
(chemical or ternary recycling). Thermogravimetrical
analysis (TGA) alone and combined with complementary
techniques such as DSC, GC, FTIR and MS, has been
widely used to study the pyrolysis of different materials.
In the case of EVA copolymers, the papers of Verdd and
Devesa [3], Washall and Wampler [4], McGrattan [5],
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Marcilla and Beltran [6], HauBler et al. [7] and Marcilla et
al. [8] are examples of the use of these techniques to study
and quantify the VA content in these type of copolymers.
Different kinetic models to explain the weight loss of poly-
mer samples under thermal treatment were developed and
applied by Munteanu and Turcu [9] and Marcilla and
Beltran [6].

The thermal decomposition of EVA copolymers can be
considered as a two-step process. First, acetic acid is
evolved from the acetate, followed by the second step
which corresponds to the main chain degradation. Munteanu
and Turcu [10] suggested a mechanism for the first step of
EVA copolymers decomposition. According to these
authors, in the grafted chains, the decomposition of the
acetoxy groups is favoured by the tendency to form (via
hydrogen bonds with active methylene groups) a six-ring
transition state. The activated complex decomposes ther-
mally, eliminating acetic acid. The double bonds formed
in the grafted chains have a ‘frans’ configuration at the
end of the decomposition that favours cross-linking.
Moskala and Lee [11] pointed out that the acetic acid
evolved may react with other polymer chains accelerating
the weight loss. According to McGrattan [5], at around
640 K, acetate pyrolysis occurs, leaving a polyunsaturated
linear hydrocarbon. A competing reaction also produces
carbon monoxide, carbon dioxide and methane but acetate
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pyrolysis is the favoured reaction. A second reaction, at
approximately 745 K, breaks the polyunsaturated hydro-
carbon adjacent to the double bond. The saturated fragment
may either add hydrogen to produce a terminal methyl
group or lose hydrogen to produce a vinyl group. The first
pathway seems to be favoured. Alternatively, the unsatu-
rated terminal groups add hydrogen to produce a vinyl
terminated fragment. Depending on what happens at the
other end of the fragment on subsequent decomposition,
either an alkane, or an alkene or a 1,n-diene is produced.

Several authors have studied the influence of different
catalysts on the mechanism of thermal decomposition of
different waste products as well as on the values of the
corresponding kinetic parameters [12—17]. The addition of
a catalyst could not only improve the quality of products
obtained from pyrolysis of plastic wastes and lower the
temperature of decomposition, but could also enable a
given selectivity to a certain product to be achieved. The
application of acid solids, such as zeolites and related
materials, in the catalytic pyrolysis of polymers is relatively
recent and the number of scientific papers published on this
issue demonstrates its interest [17-27]. These catalysts
favour hydrogen transfer reactions due to the presence of
many acid centres [17]. Zeolites have a diffusion and mole-
cular size porous nature with a fixed geometry which
produces their relatively high reactivity as catalysts. The
access of molecules to catalyst reactive sites, as well as
the growth of end products inside the pores, is limited to
the pore size [17]. Lin et al. [25] showed a summary of some
important studies of catalytic pyrolysis of polymers using
solid acid catalysts.

MCM-41 is a silica—alumina acid solid used as catalyst,
being a crystalline material with a regular structure of
hexagonal channels, whose diameter (and therefore its cata-
lytic characteristics) can vary between 1.5 and 10 nm,
depending on the synthesis conditions. This material has
been studied for its potential application in the catalytic
cracking of polyolefins [18-20,27,28].

Kinetic modelling is a powerful and sound technique of
data reduction which is very valuable in the interpretation of
the data from pyrolysis experiments. The advantages of this
practice are obvious for engineering purposes and with
modern computers, very good correlation of the experi-
mental data can be achieved in negligible time. The kinetic
parameters obtained allow the immediate reproduction of
the data as well as interpolations. Especially in peak separa-
tion, this practice is very useful since it allows very objec-
tive results to be obtained, according to the model.
Obviously, to develop a really mechanistic kinetic model,
or being more ambitious the actual kinetic model, is almost
an impossible task, since a large number of interacting
processes (both physical and chemical) are always involved
in this type of reaction and different complementary techni-
ques must be used to obtain information about the different
products and intermediates. Thus, if only the TG data are to
be considered, and being realistic, pseudo-kinetic models

can be developed. These models must be able to represent
all the features observed and should remain as simple as
possible. To fulfil these two requirements, a balance
among the number of kinetic equations (and their corre-
sponding number of parameters) and the processes involved
must be found. It is evident that a TG curve involving a
single weight loss process may be represented by one simple
kinetic equation with few parameters. However, it is
obvious that if this model with the same parameters cannot
correlate experiments at different heating rate, the model is
not adequate, and a more complex one must be developed.
In the case of complex TG curves with more than one peak,
the corresponding model should have different terms corre-
sponding to the different processes, increasing accordingly
the number of parameters.

Marcilla and Beltran [6] tested two different kinetic
models to explain the thermal decomposition of an EVA
copolymer. Both kinetic models involved an intermediate
species, and the second one allowed an alternative reaction.
Marcilla et al. [28] have suggested a kinetic model for the
MCM-41 catalytic decomposition of PE, where both the
thermal and catalytic routes are allowed. The combination
of these models may adequately correlate the weight loss
curves of the EVA copolymers, both catalytic and thermal at
different heating rates.

Therefore, the objective of the present work is to study by
dynamic TG the thermal and MCM-41 catalytic pyrolysis of
the EVA copolymer, and to develop and apply a kinetic
model based on two previous models suggested for the ther-
mal decomposition of EVA and the thermal and catalytic
decomposition of PE. To test the model, six commercial
EVA copolymers with different VA content and properties
were pyrolysed at different heating rates, with and without
the MCM-41 catalyst.

2. Equipment and experimental procedure
2.1. Thermobalance

The experiments were carried out in a Netzsch Thermo-
balance, model TG209 controlled by a PC under the
Windows operating system. The atmosphere used was nitro-
gen (99.99% minimum purity) with a flow rate of
30 STP ml/min, according to the specifications of the
equipment. The sample temperature was measured with a
thermocouple directly at the crucible, i.e. very close to the
sample.

2.2. Material and operating conditions

The experiments were carried out with six different
samples of commercial EVA copolymers. The samples
cover a wide range of vinyl percentage, hardness and melt
flow indexes (MFIs). Table 1 shows the main characteristics
of the polymers studied. The catalyst used was MCM-41
synthesized by the basic hydrothermal method [27,29].
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Table 1
Characteristics of the six commercial EVA copolymers studied

Commercial name of polymer VA (%) MFI* Hardness Notation

EVA BASF LUPOLEN 13 4 84 Sample 1
V-3510-K

EVA DUPONT (ELVAX) 18 25 90 Sample 2
EVA ESCORENE UL15028CC 27.5 145 69 Sample 3
EVA ESCORENE UL04533CC 33 46 67 Sample 4
EVA ESCORENE UL05540CC 39 60 55 Sample 5
EVA, 40% VA 40 30 - Sample 6

* Melt flow index (g/10 min).

The main characteristics of this catalyst are summarized in
Table 2. Experiments in dynamic conditions were
carried out over a range of temperatures that included
the entire range of solid decomposition, 450-875 K,
with heating rates of 10 and 40 K/min. The experiments
were replicated at least twice to determine their repro-
ducibility. For example, Fig. 1 shows the curves
obtained for Sample 1 at 10 and 40 K/min, and for
Sample 1 with around 9% of MCM-41, at 10 K/min. As
can be seen, the reproducibility is very good. The rest of
experiments show similar reproducibility and a maximum
deviation between the repeated pyrolysis runs of about 2%
was observed.

The mass of the sample used ranged between 5 and
25 mg. The values of temperature considered were those
recorded by the thermocouple situated below the sample
and very close to it, and not those programmed.

A calibration procedure was performed using internal
standards (alumel, nickel and perkalloy) in all experiments.
In a first run, only the sample was placed in the sample
holder, whereas in a second run, the weight loss of the
sample with the three metals or alloys was recorded. In
this case, a magnet surrounded the oven and sample. The
standards lose their magnetic properties at 436, 627 and
869 K, respectively. In this way, a control of the tempera-
tures was available in every experiment, thus assuring the
reliability of the temperatures.

Table 2
Physico-chemical and structural properties of MCM-41 prepared by Escola
[27]

Property Value
dyo0, RX diffraction peak (nm) 3.76
dy, unit cell dimensions (nm) 4.34
Pore size (nm) 2.72
Wall thickness (nm) 1.62
BET area (mZ/g) 1357
Total volume of pores (P/Py= 0.995, cm3/g) 1.51
Volume of pores (P/Py = 0.6, cm*/g) 1.08
Si/Al ratio 42.7
Acidity (NH; meq/g) 0.30
Temperature of the maximum of NHj 314
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Fig. 1. Repeated TG curves for Sample 1 at two heating rates and for the
thermal and catalytic processes.

3. Results and discussion
3.1. Thermal decomposition at different heating rates

Fig. 2a and b shows the TG curves at 10 and 40 K/min,
respectively, for the six samples studied. As can be seen, at
each heating rate, the two thermal decomposition processes
occur at similar temperatures for all the samples, regardless
of the amount of VA. Table 3 shows the corresponding peak
temperatures for the first weight loss (7)), corresponding to
the elimination of the VA units from the polymer chains,
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Fig. 2. TG curves for the six EVA copolymers studied at (a) 10 K/min and
(b) 40 K/min.
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Table 3
Characteristics of different TG runs performed

EVA Heating EVA % of T, T,
sample rate mass MCM-41 (K) (K)
(K/min) (mg)

Sample 1 40 20.53 0.00 6558 7725
Sample 1 40 13.09 9.10 660.5  740.3
Sample 1 10 5.88 0.00 627.1 746.9
Sample 1 10 10.39 8.90 6263  709.3
Sample 2 40 18.72 0.00 648.8  770.1
Sample 2 40 10.12 9.12 663.5 7455
Sample 2 10 7.17 0.00 6292 7464
Sample 2 10 7.96 9.09 626.8 719.8
Sample 3 40 16.30 0.00 664.0 7742
Sample 3 40 22.55 9.33 659.5 7583
Sample 3 10 4.99 0.00 630.7 7444
Sample 3 10 11.26 9.10 630.3  726.7
Sample 4 40 19.10 0.00 6558  770.1
Sample 4 40 16.65 9.07 661.2  757.6
Sample 4 10 4.63 0.00 6263 7440
Sample 4 10 10.55 9.09 628.1 729.1
Sample 5 40 23.71 0.00 656.7  764.6
Sample 5 40 10.26 9.36 659.4 7510
Sample 5 10 6.55 0.00 624.1 742.4
Sample 5 10 12.98 9.17 629.3  732.6
Sample 6 40 15.33 0.00 658.7  771.8
Sample 6 40 14.99 7.98 650.7  756.8
Sample 6 10 5.53 0.00 6233 7432
Sample 6 10 10.64 9.06 626.5  731.1

and the peak temperature for the second weight loss (73),
corresponding to the decomposition of the polyolefin chain
resulting from the first process and of the polyethylene
domains of the polymer. These results are in good agree-
ment with those reported by other authors [6,9,10,30,31]. As
can be expected for these types of processes, both thermal
degradation temperatures, 7 and 75, increase when the heat-
ing rate increases but the first process presents a higher
temperature shift than the second one. Also, the second
thermal decomposition process occurs at temperatures
very close to those of a polyethylene polymer, regardless
of the VA content and the different properties of the samples
studied.

3.2. Catalytic decomposition at different heating rates

Fig. 3a and b shows the results obtained for the six EVA
samples with around 9% of MCM-41 acidic catalyst at 10
and 40°K/min, respectively. The corresponding characteris-
tics for each TG run are shown in Table 3. The curves
present similar trends as the thermal pyrograms, showing
the shifting effect of the heating rate. In this case, the curves
show a final residue corresponding to the weight of catalyst
used. A closer inspection of these curves and a comparison
with those corresponding to their thermal pyrolysis and the
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Fig. 3. TG curves for the catalytic pyrolysis of the six EVA copolymers
studied with around 9% of MCM-41 at (a) 10 K/min and (b) 40 K/min.

pyrolysis of PE, both thermal and catalytic, reveal very
interesting features.

Figs. 4-9 show the TG curves corresponding to the six
samples studied, both thermal and catalytic at two heating
rates. The figures are ordered by increasing VA content. It
can be observed that the catalytic process starts at lower
temperatures than the thermal process, and progresses
with a slow weight loss rate up to the temperature of the
acetic acid evolution, around 620 K at 10 K/min and 650 K
at 40 K/min. This behaviour is very similar to that observed
for the PE. It seems that in the PE polymer and in the PE
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Fig. 4. Experimental TG curves obtained for Sample 1.
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Fig. 5. Experimental TG curves obtained for Sample 2.

domains of the EVA copolymer, there are a sort of sites that
interact with the catalyst at low temperatures producing an
early thermal destabilization but with a low weight loss rate.
The first main loss of weight, i.e. that corresponding to the
VA elimination, suffers almost no modification and appears
at the same temperature despite the presence of the catalyst.
Contrarily, the second weight loss corresponding to the
decomposition of the PE domains and of the polyene residue
after the evolution of VA is clearly affected by the presence
of the MCM-41 catalyst, and a shift to lower temperatures
can be observed. This effect is more marked as the amount
of VA in the copolymer decreases, i.e. the copolymer is
more similar to a PE polymer.

Another feature that can be observed is that the increase
in the weight loss rate in the case of the catalytic pyrolysis,
due to the decomposition of the PE domains of the EVA, is
produced at different temperatures depending on the VA
content of the samples. In the case of Sample 1, with the
lowest VA content, this effect is observed already from the
plateau between the two main processes (VA evolution and
PE decomposition) being the effect of the catalyst on the
second process similar to those of the pure PE decom-
position. However, on increasing the VA content in the
samples, the second process shows two zones corresponding
to the PE and polyene domains decomposition, showing
also a lower decrease of the corresponding characteristic
temperature.
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Fig. 6. Experimental TG curves obtained for Sample 3.
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Therefore, it seems as if the catalyst is only effective
when accelerating the decomposition process of the PE
domains but with a little effect on the VA domains as well
as on the polyene residue after the acetic acid evolution.
According to Ref. [17], the catalytic action is explained
by the interaction of the ends of the chains and branches
of the polymer with the active sites of the catalyst, which are
affected by important steric effects. In the case of the acetic
acid evolution, according to Munteanu and Turcu [10], a
six-atom-ring transition state is required. This large inter-
mediate species is not likely to enter the pore structure of the
catalyst and consequently the catalyst does not alter this
process. Furthermore, these authors indicated that the
double bonds formed on the grafted chains have a ‘trans’
configuration, which favours the cross-linking. It seems that
these structures are also not affected by the presence of the
catalyst, which mainly interacts with the PE domains of the
copolymer.

3.3. Kinetic modelling

To explain the behaviour of the thermal and catalytic
pyrolysis of EVA copolymers, a kinetic model has been
proposed, based on the one applied by Marcilla and Beltran
[6] and by Marcilla et al. [28] assuming the following steps:

EVA L s EVA® + (1 — 5)G, (R1)
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Fig. 8. Experimental TG curves obtained for Sample 5.



8108 A. Marcilla et al. / Polymer 42 (2001) 8103-8111
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x Ky
EVA" =G, (R2)
# k, ks
EVA "+ cC—(1+c)EVA' C—G3; +cC (R3)

where EVA is the initial EVA copolymer, EVA* the inter-
mediate formed by the acetic acid elimination, C the cata-
lyst, EVA*C an intermediate in the catalytic reaction and
G, G; and G;j the volatiles produced by the corresponding
reactions (R1)—(R3), respectively. s represents the yield
coefficients for the first process and ¢ is related to the
grams of free catalyst per gram of EVA™ intermediate neces-
sary to obtain the complex EVA*C. As the thermobalance
does distinguish between the different solid species, the TG
data can be used only to study the global weight-loss
kinetics. The kinetic equations representing the scheme
presented, if an nth order kinetics is considered, are

dEVA

= —k,EVA" 1
= | (1)
dEVAV #" #"
G = SkEVA" — EVAT —LEVAT'CY ()
dC #13 #* N
— = “CkEVA 'C™ + ckEVA'C™ ©)
dEVA* 0 .
TC = (1 + OkEVA™ C" — (1 + okEVA*CS (4)
dG
—L = (1 — s)k,EVA™ ()
dr
dG2 52
—2 = k,EVA 6
i ) (6)
dG s
d—t3 = k,EVA*C" 7

where ny, n,, n3, ny and ns are the reaction orders. The rate
constants ki, k, k3 and k4 can be expressed by the Arrhenius
law:

_Ei Ei 1 1
ki = ko, eXP(ﬁ) = Koret,i exp[—?(? T T )] ®)
Te!

T is a temperature within the range of significant weight
loss rate (650 K in this case) that is used to scale and
diminish the interrelation among the parameters and help
the optimisation search [32].

According to Marcilla et al. [28], the kinetic constant k,
in scheme (R2) has been modelled with the following
equation:

k3 Cy

TRAG ©

where C, represents the initial amount of catalyst and Ky is a
constant.

Bearing in mind that the weight measured is the addition
of all the solid species present, it can be written that

dw dEVA dEVA® dC dEVA*C
-— + 4+ — 4+ ——
dt dt dr dt dt

~_dG, dG,  dG;
T dr dr dr (10)

Taking into account Egs. (5)—(7), we have

d *® *® n
Y — (s = Dk (EVAY" — ky(EVA®Y™ — k,(EVA*C)™

dt
(11

The initial boundary condition for this differential equation
is, obviously, w = EVA + C = 1 and EVA* = EVA"C =0
when = 0 The parameter ¢ has very little influence on the
fitting and exactly the same results (both quality of the
correlation and value of the rest of the parameters) are
obtained for values below 0.1. Thus, the correlation has
been carried out fixing this parameter at 0.001.

The models developed in the present work have been
applied to correlate simultaneously the TG and DTG curves
obtained under dynamic conditions at heating rates of 10
and 40 K/min, trying to better reproduce the details of all the
curves. In all the calculations, the objective function (O.F.)
included the TG and DTG data obtained at all the heating
rates for the same EVA with and without the catalyst:

2 M
OF. = Z Z {((Wm,j)exp - (Wm,j)cal)2
=1 m=1

J

dw,)\ [(dow.p) T
+10[< dr )exp ( dr )cal]} (12)

where m represents the experimental (exp) or calculated
(cal) data at temperature T}, and time ¢, of the experiment
at heating rate j and M the number of experimental points. w
is the weight fraction, this means the weight at the time ¢
divided by the initial weight of the sample. The kinetic
parameters were optimised using the tool ‘Solver’ included
in the calculation sheet Excel 7.0 for Windows. The integra-
tion of the kinetic equations was carried out using the Euler
method.

The application of the previous model, considering
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simultaneously the four TG and DTG curves obtained for
each sample showed that, systematically, the curves corre-
sponding to the experiments with higher initial mass sample
were worse fitted. According to the literature, i.e. [33—35],
this effect can be attributed to differences between the actual
and nominal temperature. For this reason, several authors
have considered this effect on their kinetic models. For
instance, in a previous work [33], we introduced the energy
balance in order to correct the temperature and a more
complicated model was developed. In this case, and since
the model is already more complex and due to the difficulty
in knowing exactly the term corresponding to the apparatus
response in the energy balance, we have adopted another
approach that involves the following assumptions:

T, =T,

J J.exp + AWeq) (13)

indicating that the ‘actual’ temperature (7)) at the time ¢
differs from the nominal one (7j,) proportionally to the
mass present in the sample holder. In this way, this para-
meter takes into account in a very simple and effective way
the influence of the initial mass of sample. More sophisti-
cated corrections can be devised but the improvement in the
fitting is negligible (if positive) compared with this approx-
imation. «; is a parameter in the experiment i that depends
on the initial mass as follows:

o = o Wo; (14)

max(W,)

where W, represents the initial mass of EVA copolymer and
catalyst in experiment i. Within each series of experiment
with the same EVA copolymer, « is the only additional
adjustable parameter introduced which takes into account
all the factors affecting the actual temperature.

Table 4
Kinetic parameters for the six EVA samples studied

Sample 1

o 10 K/min-9.10% MCM-41, exp.
——— 10 K/min-9.10% MCM-41, cal.

© 10 K/min-No MCM-41 exp.
—— 10 K/min-No MCM-41 cal.
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N 40 K/min-9.33% MCM-41, cal.
204 | © 40K/min-NoMCM-41 exp.
[ —— 40 K/min-No MCM-41 cal.
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Fig. 10. Comparison between the experimental and calculated TG curves
for Sample 3.

Considering the Arrhenius type behaviour of the rate
constants, the number of parameters is 4 X k;, 4 X (E/R),
5 X n;, Kr and the coefficients s and «y, i.e. a total of 16.
This number of parameters can be considered not excessive
if bearing in mind that experiments involving two main
peaks in the DTG curve, at different heating rates, with
and without catalyst and with significantly different initial
mass are simultaneously correlated.

3.4. Kinetic model results

Table 4 shows the parameters obtained and the O.F.
values for the six samples studied. As can be seen, the
proposed model satisfactorily fits the different decomposi-
tion processes, especially when considering that all the
experiments (at different heating rate, with different catalyst
content and with different initial sample weight) are corre-
lated simultaneously. For example, Fig. 10 shows the

Parameter Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
s 0.90 0.82 0.79 0.77 0.70 0.70
Koqrer (min~") 3.765 2.322 1.959 1.471 2.032 1.962
EJ/R (K™Y 23 384 21 336 19 498 19 077 20 385 19 187
n 1.29 1.22 1.18 0.90 1.32 1.13
Koa et (min ") 0.0006 0.0009 0.0026 0.0021 0.0018 0.0021
EJ/R (K™ 36 551 34 134 28 247 28 832 32 102 30 535
ny 1.14 1.04 0.91 0.84 1.11 1.06
Ko3.rer (min~") 1.661 18.101 0.270 1.757 0.781 0.700
Ey/R (K™ 36 191 28 267 31 520 31 474 45234 12 235
n3 0.57 0.46 0.40 0.31 0.30 0.36
ng 1.92 2.89 1.76 2.67 3.11 0.72
Ky 0.065 0.119 0.059 0.058 0.065 0.106
K4 e (min ") 2.111 309.5 3.496 3.682 0.060 0.001
EJR (K™Y 8590 2317 1025 1037 26 145 37 361
ns 1.28 2.18 1.06 0.94 1.32 0.42
g -17.4 -114 —19.9 -7.6 -11.3 —18.1
FO 0.040 0.072 0.051 0.062 0.082 0.050
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Fig. 11. Comparison between the fit obtained for Sample 5, at 10 K, when
the four curves have been considered simultaneously and when only one
TG curve has been fitted.

experimental and calculated TG curves for Sample 3, which
is representative of the rest of the EVA copolymers studied.

Comparing the experimental and calculated TG curves
corresponding to the catalytic pyrolysis, small differences
can be observed. These differences could be attributed to the
actual data dispersion or to the incapability of the proposed
kinetic model to explain the behaviour observed qualita-
tively. However, when the proposed kinetic model is
applied to only one experiment it can seen that the model
can actually correlate the whole behaviour of the TG curve
perfectly, i.e. the beginning of the catalyst reaction at low
temperatures, the VA evolution and the different decompo-
sition of PE and polyene domains. For example, Fig. 11
shows the calculated TG curve for the catalyst pyrolysis
of Sample 5 with a heating rate of 10 K/min using all four
TG experiment (at different heating rates, with different
catalyst content and with different initial sample weight),
and using only the corresponding experimental curve at
10 K/min. From these results, it is evident that the proposed
model can provide an adequate representation of the
processes involved, and that the deviations due to the dis-
persion of the experimental data in a single TG run,
enhanced by the fact of simultaneously fitting experiments
at different heating rate, with different catalyst content and
with different initial sample weight, must be responsible for

the observed average results. Obviously, it is also possible to
observe a clear correlation between the parameter s related
with the fraction of the initial copolymer that remains after
the elimination of the VA, i.e. with the VA content of the
copolymer.

The values of the kinetic parameters shown in Table 4 are
in agreement with those found in literature for reactions
(R1) and (R2) with reaction orders for the EVA and EVA”®
close to 1 [6] and activation energy for (R2) higher than for
(R1), with an E/R between 19 600 and 22 400 K™ ' and an
E>/R between 29 900 and 32 500 K" in good agreement
with other authors [30,31].

4. Conclusions

The study of the TG curves corresponding to the thermal
and catalytic decomposition of EVA copolymers studied
shows that the catalyst seems only to affect the PE domains
in the copolymer, whereas the acetic acid loss is practically
independent of the presence of the catalyst. The presence of
MCM-41 as a catalyst produces a decrease in the thermal
temperature decomposition for the second process in the
degradation of EVA copolymers. This process seems to be
similar to the PE catalytic decomposition, and the similarity
decreases when the VA contents increase.

The dynamic kinetics of the catalytic pyrolysis can be
satisfactorily modelled assuming two independent processes
and the catalyst action of the MCM-41 on the residue after
the VA evolution and the PE domains of the copolymer
using kinetic parameters independent of the heating rate.
The model is capable of reproducing or correlating all the
details observed in a single TG, whereas the correlation is
logically smoothed when simultaneously fitting all experi-
ments corresponding to a given EVA copolymer.
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