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ABSTRACT: Thermal stability in nonoxidizing atmosphere of a polyetherimide (PEI) is investigated by thermogravimetry (TG). It is

observed that thermal degradation of this product consists of two overlapping processes, which are conveniently separated by fitting

the TG curves to mixtures of generalized logistic functions. Thus, each process is represented by a single function. The analysis of the

fitting parameter values obtained for the main degradation process in different isothermal and heating ramp conditions allows to

obtain insightful kinetic parameters (critical temperature, energy barrier, and reaction-order) which allow to make predictions in

both isothermal and nonisothermal contexts. There is a minimum temperature for each process to occur and a ramp-energy barrier

related to the process rate. In the ramp context, the values of these two parameters explain that, although one process starts at lower

temperature, it proceeds at a very low rate until reaching temperatures at which the other process goes much faster. VC 2015 Wiley Peri-

odicals, Inc. J. Appl. Polym. Sci. 2015, 132, 42329.
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INTRODUCTION

Thermogravimetric analysis (TG) is frequently used to evaluate

the thermal stability of polymers and composites1–4 and to per-

form kinetic analysis of the degradation processes. Most of the

methods used for determining the kinetic parameters of

physico-chemical processes from thermal analysis data can be

classified in one of these two approaches: model fitting and

model-free procedures.

The model fitting approach, in principle, assumes a fixed mech-

anism throughout the reaction with a constant activation

energy. A limitation that was reported for this method is that

the complex reactions cannot be modeled with reasonable accu-

racy. This procedure involves the fitting of conversion-time data

or conversion-rate of conversion-time data to some models to

determine reaction orders, rate constants, and the activation

energy.5 The goodness of fit can be improved by introducing

additional parameters, although it may compromise its physical

significance. Model-free kinetics (MFK) performs an isoconver-

sional analysis on data taken at three or more heating rates,

where activation energy is allowed to vary with temperature.6

Thus, model-free methods allow for more than one mechanism

during the course of reaction. A main disadvantage is that a

reaction model is usually needed for a complete kinetic descrip-

tion.7,8 Independently of which of these two approaches, model

fitting or model-free, is used, it is almost universally assumed

an Arrhenius dependence of the reaction rate on temperature.

The polymer studied here, poly(ether imide), poly[2,2 -bis(3,4-

dicarboxyphenoxy)phenylpropane-2-phenylenediimide], (PEI),

whose chemical structure is depicted in Figure 1, is an amor-

phous engineering thermoplastic manufactured by Sabic (R)

offering enhanced flow and a glass transition temperature of

about 2178C.

PEI brings outstanding elevated thermo oxidative stability,9–11

high strength and stiffness, broad chemical resistance, excep-

tionally low smoke generation, and inherent flame retardancy.

It is one of the candidate materials for energy storage. Thus, a

complete kinetic description allowing to predict lifetimes in

different thermal conditions would be of high interest. Ther-

mal degradation mechanism and kinetics of PEI were investi-

gated by means of thermogravimetry (TG) and pyrolyzer

instruments hyphenated to infrared spectrophotometer, gas

chromatography, or mass spectroscopy.1–3 The chemical results

are highly valuable and menachisms were proposed to explain

the chemical results. The first results allowed to tentatively

propose that PEI is thermally decomposed by two routes, an

ether-bond breaking mechanism and a carboxyl-induced chain

breaking mechanism.1 Further studies concluded that the

major mechanisms in this two-stage pyrolysis consisted of
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main-chain random scission followed by carbonization.3 These

reports included kinetic analysis based on model fitting to a

classical reaction order model and on MFK methods, including

Ozawa’s, Friedman’s, and Kissinger’s methods.12–14 Those

methods, which assume an Arrhenius dependence of the reac-

tion rate on the temperature, have been routinely applied in

many kinetic studies. Nevertheless, it was not conveniently

tested that these models accurately reproduce the degradation

processes. The model fitting approach was validated by com-

paring the results obtained at a single heating rate with those

obtained by MFK methods.1 Nevertheless, MFK does not pro-

vide a complete kinetic description and, as mentioned before,

a reaction model is usually needed for a complete kinetic

description. On the other hand the isoconversional methods

did produce an almost constant activation energy for a range

of conversion between 0.1 and 0.6 and, although not evident,

the authors also claimed that a constant value is obtained

between 0.8 and 1.2 Nevertheless, when that activation energy

values were used, assuming a reaction order model, the calcu-

lated curves did not match the experimental curves.2 Both the

lack of quality of the fitting and the lack of constancy of the

activation energy are indications that the process is not perfectly

reproduced by those models. On the other hand, the authors pro-

posed a new kinetic model, based on logistic functions, which

generally results in superior quality of fittings than those obtained

with Arrhenius-based models. This new model will be applied to

the thermogravimetric thermal degradation data of PEI with the

aim of checking if it can accurately reproduce its kinetics and, if

so, to obtain insightful kinetic parameters (critical temperature,

energy barrier and reaction-order) which allow to make predic-

tions in both isothermal and nonisothermal contexts. The

approach used for this model is based on other developments of

the authors15–17 and consists of fitting thermogravimetric curves

to mixtures of generalized logistic functions. Some simplifications

of the model can be done when working with TG data:17 there is

no need of baseline subtraction; the first derivative of a general-

ized logistic function can fit DTG curves. The generalized logistic

function, also known as Richards’ curve, is a flexible sigmoid

function that was initially used to model the “S-shaped” behavior

of growth of some populations. It has been widely used and its

application has been expanded to a range of fields, including biol-

ogy, chemistry, sociology, and statistics.

It was demonstrated that these functions represent a non-

Arrhenius reaction order model. This model has a very singular

feature: a critical temperature, Tc, which represents the lower

limit for the degradation to take place. It has also an energy

barrier, Eiso, which should not be compared with the activation

energy obtained from Arrhenius-based models because, the fact

of including or not the Tc factor, leads to completely different

values of the energy barrier.

EXPERIMENTAL

Thermogravimetric experiments were conducted in a SDT 2960

simultaneous thermal analyzer, manufactured by TA Instru-

ments. The instrument was calibrated according to manufac-

turer recommendations. PEI, in the form of pellets, was

provided by Sabic (R). Samples of about 9 mg were cut-off

from the pellets. A first set of experiments consisted of linear

heating ramps at 2, 5, 10, 20, 30, and 408C min21 from room

temperature to 8508C with a 100 mL min21 purge of N2. A sec-

ond set consisted of several isotherms at 4708C, 4718C, 4738C,

and 4768C. The heating rate from room temperature to the iso-

thermal temperature was 58C min21. The 58C min21 heating

rate was chosen based on previous trials with the same instru-

ment. With higher heating rate the overheating would be

higher. But, using a lower heating rate would increase the deg-

radation before reaching isothermal conditions. The experi-

ments were manually stopped when, after the maximum of the

DTG peak, the mass loss rate was close to zero. Since the results

of the previous tests suggested that two processes are overlap-

ping, a new test was designed to verify how both processes

could be separated. That test consisted of a 58C min21 heating

ramp to 4738C followed by an isothermal step until constant

mass is observed, and then cooling to room temperature and

re-heating at 208C min21 to 8008C.

Fitting to a Mixture of Logistics

Time derivatives of generalized logistic functions will be used to

represent the rate of single mass loss processes, both in ramp or

in isotherm:

yramp tð Þ ¼
cramp � bramp � exp 2bramp � mramp2t

� �� �
11s � exp 2bramp � mramp2t

� �� �� � 11sð Þ=s (1)

yiso tð Þ ¼ ciso � biso � exp 2biso � miso2tð Þð Þ
11s � exp 2biso � miso2tð Þð Þ½ � 11sð Þ=s (2)

Although formally equivalent, isothermal, and nonisothermal

logistic parameters are not the same. The miso and mramp parame-

ters represent the time measured from the beginning of the

experiment, isothermally or in ramp, to the instant where the

maximum mass loss rate is observed. Similarly, biso and bramp are

related to the rate of the process in isothermal and ramp condi-

tions, respectively (in both cases higher values of b correspond to

faster processes). The ciso and cramp parameters represent the peak

area and are related to the mass loss produced in each degrada-

tion step. The other parameter, s, accounts for the asymmetry

and is related to a reaction order (n 5 1 1 s).16,18

As it can be observed in Figure 2, the shape of DTG curves

obtained in ramp suggests that these curves could be repre-

sented by mixtures of two time derivative generalized logistics.

Accordingly, each of the single DTG curves obtained in ramp

was fitted by a mixture of two logistic components:

yramptotal tð Þ ¼ yramp1 tð Þ1yramp2 tð Þ (3)

where yramptotal(t) represents the DTG curve and yramp1(t) and

yramp2(t) are described by eq. (1). The fitting was optimized by

minimizing the sum of squared residuals (SSR) which is a

method that has been widely used.19 Fityk software was chosen

to perform that task.20

Figure 1. Chemical structure of PEI.
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Obtaining very good fittings with a two-component model sup-

ports the two-stage pyrolysis reported by other authors.2,3,21

Studies of the pyrolysis products suggest that the main degrada-

tion step, referred here as P1, basically consists of random scission

of hydrolyzed imide, ether, and isopropylidene groups, producing

CO, CO2, and phenol as the major products. Simultaneously,

chain transfer reactions would produce a partially carbonized solid

residue. The second pyrolysis stage, P2, would mainly consist of

the decomposition of the partially carbonized solid residue and

remaining imide groups producing CO and CO2 as the major

product along with benzene and a small amount of benzonitrile.3

What the P1 and P2 represent are the two degradation processes,

independently of the number of mechanisms involved in each pro-

cess. The two logistic components in which the DTG curve was

split in Figure 2 are associated to the first and second pyrolysis

stages and thus respectively labelled as P1 and P2.

According to Figure 2, the process represented by the P1 com-

ponent is dominant in the range of temperature where the iso-

thermal tests are performed. A new test is performed in order

to verify that assumption: a 58C min21 heating ramp to 4738C

followed by an isothermal step until a constant mass is observed

for five minutes, and then cooling to room temperature and re-

heating at 208C min21 to 8008C. Figure 2 plots an overlay of

the DTG curve resulting from this final re-heating step on that

obtained with a fresh sample at 208C min21. It can be observed

how the re-heating curve basically corresponds to the P2 com-

ponent of the fresh sample, although, as expected, a part of this

component disappeared during the pre-isothermal treatment.

That part of the P2 component is little in comparison with the

P1 component, which disappeared as a whole. This means that

for the isothermal tests performed in the 470–4768C range, the

minority contribution of the P2 process could be neglected.

Thus, fitting of each isothermal curve will make use of only one

logistic component, represented by eq. (2). On the other hand,

only the data acquired after the isothermal step was well estab-

lished are taken into account for the fitting procedure.

Kinetic Analysis

While the generalized logistic function was proposed in 1959 as

a flexible growth function for empirical use,22 it was not until

our recent work that a true kinetic approach was used to inter-

pret the processes that can be described by that function.15,16,18

A complete kinetic description should consider both isothermal

and nonisothermal situations.

a. The nonisothermal case

Equation (1) can be expressed as functions of the conver-

sion of the process, a:

yramp t ; að Þ ¼ cramp � bramp � exp 2bramp � mramp2t
� �� �

� 12að Þ11s

(4)

Based on this expression the model can be understood as a

reaction order model, being the reaction order represented

by 1 1 s.15

According to our previous results, the bramp parameter

verifies the following relation:16

bramp ¼
Eramp

R � tpramp � Tc

(5)

where Tc is the critical temperature for the process to occur,

tpramp represents the time elapsed from the instant where

temperature reached a critical value, Tc, to the instant where

the maximum rate of change is observed, mramp. Eramp is an

apparent energy barrier, and R is the gas constant. Obvi-

ously if bramp values are plotted against 1/(R tpramp Tc) the

result must be a straight line crossing at the origin and its

slope is Eramp.

Since

tpramp ¼
Tp2Tc

HR
(6)

where Tp is the peak temperature and HR the heating rate,

it is possible to obtain the optimal values of Eramp and Tc

parameters that verify eq. (5). Consequently, the bramp values

obtained from the fittings of single DTG curves obtained in

ramp practically fall into a straight line crossing at the ori-

gin, as depicted in Figure 3. The resulting values of Eramp

Figure 2. TG and DTG curves resulting from a 208C min21 heating ramp

performed ona pristine sample (cyan) and a DTG curve obtained at the

same heating rate from a sample previously subjected to an isothermal

treatment at 4738C (red). The DTG from the pristine sample is separated

into two logistic components (P1 and P2). [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]

Figure 3. Plots of the bramp values versus 1/(R tpramp Tc) corresponding to

the two overlapping processes. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]
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and Tc are displayed in Table I. It is important to note that

Eramp does not represent a true energy barrier because the

values of bramp and tpramp involved in eq. (5) were derived

from nonisothermal conditions and, thus, are not associated

to specific temperatures. Nevertheless, a higher value of

Eramp is associated to faster processes in ramp. The Tc value

obtained for P1 is higher than that obtained for P2. It

explains that, although the P2 process starts at a lower tem-

perature, in practice, both processes proceed at an almost

negligible rate up to about 5208C. Then, the P1 process is

clearly dominant, and only when this process is almost com-

pleted, the P2 process becomes dominant. Nevertheless, if

P2 can start at lower temperature than P1, as suggested by

their respective Tc values, then the P2 process would not be

limited to the partially carbonized structure with the

remaining imide groups but would also involve part of the

unreacted material.

In order to verify that the small deviations from linearity

observed in Figure 3 are not relevant for the quality of the

fittings, new fittings of the DTG curves to eq. (1) were per-

formed making use of the bramp values that exactly fall in

the line for corresponding tpramp values (it implies to lock

pairs of bramp and mramp values). The goodness of the fit-

tings practically did not change, being the coefficient of

determination, R2, higher than 0.99 in all cases. The param-

eter values resulting from the fittings are displayed on

Table II. Figure 4 shows how the fittings of the DTG curves

by the model perfectly match the experimental curves. The

scale does not allow to distinguish between the two proc-

esses as in Figure 2.

Figure 5 shows how the plots of the exponential term of

eq. (1) versus temperature cross at Tc.

b. The isothermal case

As explained above in Figure 2, there is a minority

contribution of the P2 process can be neglected for kinetic

analysis of the isothermal tests performed in the 470–

4768C range. This is a consequence of the Tc_P2 value

being lower than that corresponding to Tc_P1 and practi-

cally prevents a separated study of the P2 component in

its original form in the sample. It is neither Tc nor Eramp

by themselves but the combination of both which deter-

mines how fast a given process may proceed in a heating

ramp. Nevertheless, if the material was kept for a longtime

at a temperature in the middle of both Tcs, only the P2

process would take place. On the other hand, according to

Figure 2, it is easy to imagine that, except for the case of

isotherms at temperatures in the middle of both Tcs, the

P1 process would determine the structural fail because of

thermal degradation. Thus, the isothermal study was lim-

ited to the P1 process and the isothermal curves were fit-

ted to eq. (2) using only the data acquired since the

isothermal step was well established. The optimal parame-

ter values are displayed on Table III. The coefficient of

determination is close to 1. Figure 6 shows the DTG

curves obtained at different isothermal temperatures and

their corresponding fittings.

Using an equivalent approach to that used in the noni-

sothermal case, eq. (2)2 can be expressed as a reaction

order model, being the reaction order represented by

1 1 s16

yiso t ; að Þ ¼ ciso � biso � exp 2biso � miso2tð Þð Þ � 12að Þ11s
(7)

and the biso parameter verifies this relation:

biso ¼
Eiso

R � tpiso � Tc

(8)

where tpiso represents the time elapsed from the instant

where temperature reached a critical Tc value to the instant

where the maximum rate of change is observed, miso.

Assuming a relatively fast heating rate from below Tc to

the isothermal temperature, that time basically (although

not completely) corresponds to isothermal conditions. Eiso

is a true energy barrier and can be obtained as the slope

of the straight line obtained when plotting biso versus 1/(R

tpiso Tc), as indicated in Figure 7. Provided the Tc value

obtained from ramp, Eiso can be then calculated from a

single isothermal experiment. This experiment should be

Table I. Eramp and Tc Obtained for the Processes P1 and P2

P1 P2

Eramp (kJ mol21) 154 33

Tc (8C) 410.3 250.6

Table II. Parameter Values Obtained from the Fittings of DTG Curves Obtained in Ramp to eq. (3)

P1 P2

Heating rate (8C min21) Heating rate (8C min21)

2 5 10 20 30 40 2 5 10 20 30 40

ct (wt %) 21.89 22.14 22.15 22.40 22.36 22.27 21.06 21.09 21.39 20.80 21.50 21.93

s 3.01 1.79 1.69 1.47 1.29 1.31 6.54E-03 6.93E-02 1.57E-02 9.52E-05 1.67E-04 1.18E-07

bramp

(min21)
0.61 1.19 2.11 3.73 5.32 6.90 0.05 0.12 0.24 0.46 0.68 0.90

mramp

(min)
0.61 1.19 2.11 3.73 5.32 6.90 0.05 0.12 0.24 0.46 0.68 0.90

Tp (8C) 497.3 522.1 537.0 554.2 562.6 567.0 530.4 555.2 564.5 578.9 579.7 584.4

Tp is the temperature at the mramp instant.

ARTICLE WILEYONLINELIBRARY.COM/APP

WWW.MATERIALSVIEWS.COM J. APPL. POLYM. SCI. 2015, DOI: 10.1002/APP.4232942329 (4 of 8)

http://onlinelibrary.wiley.com/
http://www.materialsviews.com/


performed at a relatively high temperature (higher biso) to

minimize the effect of any possible experimental error on

the slope.18 A value of 22 kJ mol21 was obtained for the

P1 process. This value is very different from others

obtained in solid–solid and melting transformations.15,16,18

Parameter Trends

In order to make reliable predictions of the degradation rate in

different thermal conditions, it is necessary to know how the

most insightful parameters of eqs. (1)s and (2) vary with tem-

perature. The c parameter represents the amount of sample

involved in each degradation process and is not dependent on

the temperature or the heating rate. Thus, it can be considered

a constant except if the sample was previously degraded. The

biso parameter is related to tpiso through eq. (8) and the bramp

parameter is related to tpramp through eq. (5). Since Eiso, Eramp,

and Tc were previously determined, the trends of the peak time

in isothermal and ramp conditions can be easily calculated if

the biso and bramp trends are known. It was already reported that

the peak time, tpiso, follows a trend that can be described by this

equation:16

tpiso ¼ tTb � exp
T2Tbð Þ
Tc2Tð Þ (9)

where Tc is the critical temperature obtained from the ramp

experiments and Tb, tTb, and bTb are fitting parameters. Tb sim-

ply represents a higher reference temperature at which the peak

time would take a given value, tTb. Figure 8 shows the tpiso val-

ues versus isothermal temperature.

On the other hand, biso and bramp are related through this

expression:16

biso

bramp

¼ tpramp

tpiso

� Eiso

Eramp

(10)

Figure 4. Overlay of the experimental curves and the corresponding fit-

tings. The curves were shifted on the y-axis for easier observation. [Color

figure can be viewed in the online issue, which is available at wileyonline-

library.com.]

Figure 5. Exponential terms of yramp1(t) and yramp2(t) versus temperature

obtained at the indicated heating rates. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]

Table III. Parameter Values Obtained from the Fittings of DTG Isothermal

Curves for the P1 Process

Isothermal Temperature (8C)

470 471 473 476

ct (wt %) 23.15 26.02 23.26 25.36

s 1.20 3.49 2.68 3.56

biso (min21) 0.12 0.19 0.20 0.23

miso (min) 121.31 119.17 115.82 112.47

Figure 6. Plots of the DTG curves obtained from isothermal experiments

and the corresponding fittings. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]
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And tpramp is related to the peak temperature, Tp, through eq.

(6). Figure 9 shows how Tp-Tc for both processes, P1 and P2,

follows power trends.

On the other hand, the s parameter seeems to have a subtle

effect, affecting only the symmetry of the peak. According to

Figures 10 and 11, there is not a clear trend in isothermal nor

in ramp experiments. In general, for heating rate situations, an

average value of 1.5 can be assumed for P1. P2 could only be

conveniently evaluated in heating rate mode and a value of 0

was found. For the isothermal context, values of 1.5 and 0 are

also good. Reaction orders greater than 2 for a single reactant

may be difficult to justify and one might have to consider

whether a model invoking the control of an inhibitive interme-

diate might be applicable.23

Considerations on the Physical Meaning and Comparison to

Arrhenius-Based Models

In a previous work of the authors, the generalized logistic

model has been described and compared from a statistical point

of view with some well-known kinetic models as Avrami– Ero-

feev, power law, and classical reaction order.24 That study has

indicated that the generalized logistic function can reproduce

quite well Arrhenius reaction order processes, eq. (11), except

for some combinations of parameter values (n relatively high,

combined to a low E/R values, high heating rates, and a low

value for the pre-exponential factor):

da
dt
¼ Aexp

2E

R � T

� �
� 12að Þn: (11)

where E is the activation energy, a the conversion and n the

order of reaction. As one can easily infer, although there are

some more or less complex relations, there are not univocal cor-

respondences between the parameters in eq. (7) and (11).

Since many thermal degradation processes are analyzed by

Arrhenius-based models, a quick comparison of the perform-

ance of one of that models with the one presented here seems

convenient. Particularly, activation energy values of 230 kJ

mol21, as determined by Ozawa’s method, were reported for the

first degradation step of PEI. Making use of that activation

energy value, a two-stage model consisting of two Arrhenius

reaction order components was proposed to represent the pyrol-

ysis of PEI in helium. That model was reported to be compliant

with the experimental data.2 In order to ensure a fair

Figure 7. Plots of the biso parameter values versus 1/(R tpiso Tc) obtained

for the P1 process. [Color figure can be viewed in the online issue, which

is available at wileyonlinelibrary.com.]

Figure 8. Plots of tpiso and of 1/biso, obtained from isothermal experi-

ments, versus temperature, and the trend lines, according to eq. (8) and

(9), for the P1 process. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]

Figure 9. Plots of Tp–Tc versus heating rate for the P1 and P2 processes.

[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

Figure 10. Plot of s versus the heating rate in nonisothermal experiments

for P1 and P2. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]
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comparison, one of the datasets used in the nonisothermal

kinetic analysis section are now fitted by a two Arrhenius reac-

tion order components mixture. The activation energy obtained

this way was 259 kJ mol21, which is in line with the value

reported as determined by Ozawa’s method. But more impor-

tant than the degree of compliance with reported values is the

ability of the model to represent the process. Figure 12 plots an

overlay of the experimental data and the fittings obtained with

the method proposed by the authors and a two Arrhenius reac-

tion order components mixture. The quality of fitting obtained

with the proposed method is clearly superior to that obtained

with the Arrhenius-based one. Additionally, the parameter val-

ues obtained with the generalized logistic mixture model agrees

with the analysis of data obtained at different heating rates, as

discussed in the nonisothermal case section.

One important feature of the model used here is that it does

not assume an Arrhenius dependence on the temperature.

Instead, there is a critical temperature for each thermal degrada-

tion process, which is the minimum temperature below which

the process cannot occur. This parameter is crucial in order to

obtain good fittings. For example, imposing a zero value for Tc

the quality of the fittings would worsen being similar to that

obtained with Arrhenius-based models. Thus, although the

physical meaning of the energy barrier is similar to the activa-

tion energy in Arrhenius-based models, the values cannot be

compared between models with different temperature depend-

ences because there is not an univocal correspondence between

both parameters. A recent work of the authors compared the

energy barrier values obtained for other processes and materials

assuming the same model than in the present work.4 In

this context, the true energy barrier value obtained here,

22 kJ mol21, is of the same order than those obtained for the

main degradation step of two acrylic-based copolymers (about

11 kJ mol21).

As mentioned before, the expressions for isothermal and noni-

sothermal processes are formally equivalent, but physically dif-

ferent. In isothermal conditions, the model is described by eq.

(2), which was used to fit single curves. As a function of the

degree of advancement of the process, a, the model can be

rewritten as eq. (7), which is clearly a reaction order model,

where the reaction order is represented by 1 1 s. It also deserves

mention that s is related to the asymmetry of the peak and a

perfectly symmetric peak corresponds to s 5 1 (reaction order-

5 2). The c parameter represents the peak area, in this case the

amount of sample involved in the process, b governs the rate

along the process, so that a bigger value of b means a faster

process. The m parameter represents the location of the maxi-

mum rate on the time axis. In order to clarify the physical

meaning of these parameters, the relation described by eq. (8)

was introduced. This expression relates the b parameter to three

more insightful parameters: the energy barrier, the critical tem-

perature and the peak time. The consistency of this proposal is

supported by the alignment of the points in the plot of Figure

7, where the energy barrier is the slope. On the other hand, the

critical temperature can be calculated from few nonisothermal

experiments. Although the true energy barrier only appears in

the isothermal case, the nonisothermal parameters allow to

quantify the effect of applying a heating rate by comparison

with the isothermal ones.

CONCLUSIONS

In agreement with previous studies, thermal degradation of PEI

in nitrogen atmosphere basically consists of two overlapping

processes. These processes were conveniently separated by fitting

the ramp data to mixtures of generalized logistic functions so

that each process is represented by a single function. The

parameter values obtained in ramps and isotherms allowed to

obtain a complete kinetic description of the main degradation

process. There is a slower overlapping process that could not be

separately studied in isotherm. The kinetic values were very dif-

ferent from those obtained in other processes.
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Figure 11. Plot of s versus the isothermal temperature for P1. [Color fig-

ure can be viewed in the online issue, which is available at wileyonlineli-

brary.com.]

Figure 12. Fittings obtained making use of a mixture of two Arrhenius reac-

tion order (ARO) functions and the proposed generalized logistic (GL)

model on a DTG trace obtained at 20 K min21. [Color figure can be viewed

in the online issue, which is available at wileyonlinelibrary.com.]
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