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Abstract

The non-parametric kinctics (NPK) method has been rocently developed for the kinetic treat-
ment of thermoanalytical data. The most significant feature of this method is its ahility to provide
information about the reaction kinclics without any assumptions either about the functionality of
the reaction ratc with the degree of conversion or the temperature. 'I'his paper presents the results
of the application of the method to adiabatic calorimetry. Some data have been obtained by nui-
merical simulation, but atso the thermal decomposition of DTBP, a well known first order reac-
tion, has been studied, being the obtained results in good agreement with literature,
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Introduction

The non-parametric kinctics (NPK) [1, 2] is a reeently developed method for the
kinetic treatment of thermoanalytical data. This method introduces a new point of
view in kineclic analysis. As all the classical methods it is based on the presumption
ol the validity of the following equation:

a = flT)g(w) (1)

NPK regards the reaction rate as a surface in a three dimensional space where the
axis are the temperature, the degree of conversion and the rate of change of the de-
grce of conversion. This surface, which is continuous, can be discretised and organ-
ised us an nxm matrix, where the columns account for the temperature, from T) 1o
T, while the rows refer o different degrees of conversion, from @ to o, as can be
shown in Eq. (2):
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Matrix A can be expressed as the product of two column vectors:

A=uv' (3}
u=(glo) glon) glog) ... glo,)' 4
v=(AT) ATy ATy ... ATHT (5)

where veclor u contains all the information about the kinetic model and vector v
about the function AT).

It is possible to evaluate the reaction rate using only the vectors u and v, because
any value of the reaction rate can be expressed as oo, T)=g(o)f(T), where g{o) and
JUT) are oblained by interpolation of the clements ol 1 and v at the required values of
degree ol conversion and temperature.

Even though the kinetic parameters, such as activation cnergy, [requency lactor
or reaction order, are not necessary to reproduce the system behaviour or to stmulate
it in different conditions, it is also possible to use the results of the NPK method to
obtain model parameters from vector u and the activation energy and the frequency
factor from vector v,

Therefore, applying a procedure that is able to deccompose matrix A into two vec-
tors as expressed in Equation 3, the vectors u and v will be obtained and so the reac-
lion kinetics. The NPK method performs this decouplement by using the singular
values decomposition (SVD) [3].

[t is worth mentioning that the development of the NPK method docs not have
any limitations in the source of the data, it can be provided by any TA technique that
gives reaction rate information as a function of temperaturc and degree of conver-
sion, for cxample, DSC or TG, but also another technique which is not commonly
used for kinetic analysis: adiabatic calorimetry.

The NPK method has been already tested by using DSC and TG data |1, 2], both
experimental and simulated. In this paper, data obtained {rom adiabatic calorimetry,
alsu simulated and experimental, will be treated with the method in order to oblain
kinetic information.

Validation of the method

In order to validate the NPK method with adiabatic calorimetry data, a set of nu-
imerical simulations of the behaviour of a reaction system under adiabatic condilions
has been pcnformed The systems are characterised by lypmal values of activation
energy (125 kJ mol™") and frequency factor (1-10'" min™') and an adiabatic increase
of temperature of 220 K for ¢=1, combined with an nth order reaction or RQ{n)
model and a Scstak-Berggren or SB{n,m) model, Eqgs (6-7).

gl = (1-ax)" (6)

glo) = o (1-a)" (M
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The ¢ factor is a very important parameter in adiabatic calorimetry, it expresses
the relationship hetween the amount of heat released by the reaction and the amount
of heat accumulated in the sample, as shown in Cquation 8:

MLy + MCps

(3)

MyCps

where the subscripts ¢ and s mean can and sample respectively. The ¢ lactors used
for the simulations are 1.7, 2 and 3. The results of these simulations were used as
model experiments and they were analysed by using the NPK method.

Simulation of the RO(n) model

The particular cases corresponding to n=0.5, | and 2 have been studied. As an ex-
ample the results of the simulations correspending to ¢=2 are presented in Fig. 1.
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Fig. 1 Kinetic medels RO(0.5}, RO(1} and RO(2). (I) Simulation of the temperature {K) vs.
time (min) (solid line). (11} Simulation of the rate of temperature rise (K min”') vs, tem-
perature (K) (solid linc). Comparison with the data reconstrucied using vectors u and
v (+)

The simulated data are treated by the NPK method giving the two vectors v and
v. Veclor u is presented in Fig. 2 compared with the shape of the corresponding ki-
netic model. The original data can be reconstructed with high accuracy (relative er-
ror in rate ol temperature raise about 0.3%) dircctly from vectors u and v, because
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Fig. 2 Comparison between the obtained veetors u (+) and the calculated functions g(e)
{solid line), Eq. (6}
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Table 1 Comparison of the values of the kinetic parameters obtained from veetor v with the values
used to perform the numerical simulations. Modcls RO(0.5) , RO(1}, RO(2)

Model 17k mol™ Grror/% Afmin™ Grror/%
RO{0.5) 125.04 0.03 1.0le+15 1.2
RO(1) 125.041 0.03 1.0le+158 1.2
RO2) 125.03 0.03 1.01e+15 1.2
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Fig. 3 Kinetic models $B¢0.5,1), SB{1,1) and SB(2,1). (I} Simulation of the temperature (K)
vs. time (min) (solid ling). (IN) Simulation of the rale of temperature rise (K min’ ) vs.

temperature (K) (solid line). Comparison with the data reconstructed using vectors u
and v (+)

each valuc of the rcaction rate can be calculated as the product of the suitable cle-
ments of the vectors: a(o, T)=u(o)v(T). The data reconstruction carried out following
this procedure is also presented in Fig. 1. Morcover, the activation energy and the
frequency factor can be also obtained from vector v. Their values are shown in Table t.

Simulation of the SB(n,m) model

In this case, the models SB(0.5,1), SB(1,1} and SB(2,1) have been studied. Fig-
urce 3 shows the results of the simulations corresponding to ¢=2.

The obtained vectors u, which have the same shape that the theoretical models,
are shown in Fig. 4, while the comparison of the kinetic parameters E and A are pre-
sented in Table 2. In this case, the recalculation of the original data has also been per-
formed directly (rom vectors u and v, being the relative error of the calculation of the
rate of temperature raise ahont ) 2% The resulis are presented in Fig. 3.

In all the tested cases the application of the NPK method brings the kinetic model
with high accuracy and the activation encrgy with a small error.

Study case

The di-tert-butylperoxid (DTBP) is used as a standard in adiabatic calorimetry, ils
thermal decomposition is well known and it is often used to check the perfor-mance of
an adiabatic calorimeter, In this case DTBP, dissolved 1:4 in mass in tolucne, has been
chosen to validate the NPK method with experimental adiabatic calorimetry data,
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Fig. 4 Comparison between the obtained vectors u (+) and the calculated functions g{a)
{solid line), Eq. (7)

lable 2 Comparison of the values of the kinetic parameters obtained from vector v with the vilues
used to perform the numerical simulations. Models SB(0.5,1), SB(1,1), SB(Z,1)

1

Model E/KJ mol ! Error/% Almin” Error/%
SB(0.5.1) 125.10 0.08 1.03e+15 2.9
SB(1.1) 125,10 0.08 1.03c+15 30
SB(2,1) 125.10 0.08 1.03e+15 3.0
Table 3 Summary of the experiments carried out
. . Can Sample T I
Experiment mass/g mass/g ¢ °C °C K min'
1 39.8 80.0 1.09 130.0 253.1 759
2 448 50.0 1.18 1169 2432 385
3 42,6 80.0 1.10 115.3 226.1 103

The experiments have been carried out on the adiabatic calorimeter PHI-TEC 11
from H.E.L., using thin-walled cans of 100 ml..

It should be pointed out that experiments | and 3 have a very similar value of ¢
factor. However, the difference between the initial temperatures produces different
temperature vs. degree of conversion and rate of temperature raise vs. lemperature
profiles, making possible the analysis using the NPK method.

Figure 5 shows the experimental measurcment of temperature vs. time and the
rate of temperature raisc vs. temperature.

The study of this data with the NPK method provides the two vectors u and v,
which contain all the kinetic information aboul the reaction.

Since the relationship between vector n and the degree of conversion is a straight
line, the kinetic model that better fits the experimental data is a (irst order reaction
[4] as described in Literature |5).
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Fig. 5 Experimental measurements of the decomposition of DTBP. (I) Temperature (K} vs.
time (min), {IIN Rate of temperature raise (K min™") vs. temperature (K)
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Fig. 6 Result obtained with the NPK method. (I} Vector u vs. degree of conversion. (IT) Vee-

tor v vs. temperature
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Fig. 7 Thermal decomposition of DTBP: simulation ef the rate of lemperature raise (K min '} vs.
temperature (K) (solid linc) and experimental data (+)

On the other hand, ﬁllin%
crgy of 148.9+0.7 kJ mol”

an Arrhcnius Lype cquation to veclor v an aclivation en-
and a logarithm of the frequency factor of 16.9+

0.2 logm(s") are oblained. These results are in good agreement with the literature
[5] beiug the relative difference about 6%. These kinelic parameters have been used
lo recaleulate the experimental data. Figure 7 presents the comparison between the
experimental and recalculated data (relative error 17%).

J.Therm, Anal. Cal., 36, 1999



SEMPERE ct al.: NON-PARAMETRIC KINETICS 849

Conclusions

The NPK method is able to treat adiahatic calorimeltry data without any modifi-
cation of its basis.

In all tested cases, the NPK method gives with high accuracy the kinetic function
that generates the simulated data.

It is worth mentioning the accuracy in the calculation of the activation cnergy, be-
ing the calculation error below 0.1%,

The validity of NPK in adiabatic conditions has been tested by using experimen-
tal data of the thermal decompesiticn of DTBP as a case study. The NPK method
provided results that are in good agrcement with literature.

Nomenclature

A Arrhenius frequency factor min~' or s

A reaclion rale matrix min~ors!

c specific heat Jg! oC!

[:P activation energy k) mol™!

u vector related to degree of conversion dependence, defined in Eq. (4}
v vector related to temperature dependence, defined in Eq. (5)

n kinetic parameter

—
S
2

kinclic parameter

m,  can mass g
i, sample mass g2
T, initial temperature of the exotherm®C

T; final temperaturc of the exotherm®C
Greek symbols

o degree of conversion

a reaction rate O

[ phi Tactor. deflined in Eq. (8)

ok K
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