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Abstract. The method for identification of the triplet of kinetic parameters
of a heterogeneous reaction using the data of the derivatographic analysis is
proposed. This method is characterized by high accuracy and relative
simplicity and it can be effectively realized using MS Excel software.

Metal nanopowder is one of the most prospective high-energy materials that is widely used
in many spheres [1, 2]. This explains long and sustained interest in studying the features of
metal nanopowder, in particular the kinetics of oxidation [3]. The proceeding heterogeneous
reaction can be in full measure characterized by the so-called “kinetic triplet” — the frequency
factor A, the activation energy E, and the mathematical description of the reaction mecha-
nism f{a) [4, 5, 6].

To identify these three parameters, the data of the derivatographic experiment conducted
in the non-isothermal mode are used, when the change in the degree of transformation of the
material a over time t is described by the differential equation
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E=A-exp< )-f(a), R = 8.3144621
Under the temperature-linear heating where the rate of temperature increase T with a
given parameter 3 = dT /dt and a specific mechanism f (o) = (1 — o)™, the kinetic equation

(1) can be represented as
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where n — order (index) of reaction.

Equation (2) has no analytical solution and numerical methods or approximate analytical
ones are used to determine the kinetic parameters.

The aim of this paper is to represent a quantitative result analysis of the derivatographic
study of oxidation on the basis of a new approach to calculating the kinetic parameters of a
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heterogeneous reaction, as well as to obtain relationships for the estimation of these parame-
ters.

Identification of the kinetic parameters is performed with measured values {T;, o;} (i =
0,1, ..., N and is determined by minimizing the coefficient of variation calculated in accord-
ance with (2) the values of the frequency factor 4;
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The integral in the numerator of equation (3) has a following quadrature

A =B i=1,..,N. 3)

f e _ bl =) -} it =1,
1-0" A -a)'™™ -1 - "]/(1—n), ifn # 1.

The denominator integral of the Arrhenius shape is calculated by approximation [7]
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that provides calculation accuracy with a relative error approximately estimated to 10-4%.
Fig. 1 shows a solution of the example from the monograph [8] by using the method
described above; discrepancy between parameters n and E, is less than 0.01%.
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4 410 | 0,06740 | (%0,0388[%,2934£-12(2,9991F+0
5 420 | 0,13369 0,1180|3,9338€-12|2,9987E+02
6 430 | 0,24365 0,2743|9,1466E-12|2,9989E+02
7 440 | 0,39894 0,5734|1,91226-11|2,9988E+02
8 450 | 0,57706 1,1294/3,7665E-11|2,9987E+02| [intA name was entered for the formula
9 460 | 0,73851 2,1353/7,1210E-11|2,9985E+02 | |=SB3*SB3/SC516*(SCS16/5B3+0,25403
10 470 | 0,85531 | | 3,9090|1,3037E-10|2,9984E+02 | [*LN($CS16/$B3)+0,36665)/(5C516/5B3
1 480 | 0,92594 6,9707|2,3225E-10|3,0014E+02 | [+0,24598*LN(SC516/9B3)+2,41457)
12 | 490 | 0,96354 12,1043/4,0382€-10/2,9975E+02 | |/EXP(5C516/5B3)
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14 [p=] 10 1-—n=] 06665
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16 |E,/R|=12027,3 |
17 | n=] 166648 | | A- 1077 = [2,9989E+02¢—{=AVERAGE(G4:G12 ]
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Fig. 1. Screenshot showing the solution of identification of kinetic parameters.

The minimization of the spread of the calculated values (on fig.1 this functional — the
objective function — is represented by F) was conducted using Solver tool in the mode (for
the given case) of the nonlinear generalized decreasing gradient method [9] for the scalable
values of E; /R and n.

To estimate the kinetic parameters of the reactions 4, E, and » the degree of conversion
a as a function of temperature in some approximation can be described (approximated) by
equation.

https://doi.org/10.1051/matecconf/201819401010



MATEC Web of Conferences 194, 01010 (2018) https://doi.org/10.1051/matecconf/201819401010
HMTTSC-2018

1
a“= —2n(T — Ty)]’ TE[T°_
L+exp|——Fp7——

AT.T+AT
I “4)

that depends on two parameters: distinctive temperature T_0 of the highest reaction rate,
that defines half reaction of a matter a = 0.55 and temperature range AT of an area
(1+e™ ! <a<(1+e ™)1 of aprox. 90% of material transformation (fig. 2).
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Fig. 2. Qualitative character of the derivatogramm

Using the approximation differential (4) and the kinetic equation of the process (2) for
the representative values of the temperature T, = Ty — AT/2,T =Ty and T = Ty + AT /2
we can determine the main parameters of the reaction:
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Output parameters T, and AT for the ratios (5) are defined by temperatures T; and Ty
using for example a method of proportional parts of initial relation {T;; «;}.

The analysis of the parameters of the same example [4] according to the ratios (5) results
in the following deviations from the precise solution: 3% deviation from the reaction order n
and 2.9% deviation from the activation energy E,.

Thus, in this paper the method for identification of the triplet of kinetic parameters of a
heterogeneous reaction using the data of the derivatographic analysis is proposed. This
method is characterized by high ac-curacy and relative simplicity and it can be effectively
realized using MS Excel software, which is available on almost every personal computer
whether at a laboratory, school or at home. In addition, the method of approximate estimation
of kinetic parameters on the basis of dependence approximation between the degree of ma-
terial transformation and the temperature of the logistic curve is proposed.

This work was supported in part by the Russian Foundation for Basic Research (Project No. 16-38-
60031 mol_a_dk).



MATEC Web of Conferences 194, 01010 (2018) https://doi.org/10.1051/matecconf/201819401010
HMTTSC-2018

References

1. S. Vorozhtsov, I. Zhukov, A. Vorozhtsov, A. Zhukov, D. Eskin, A. Kvetinskaya, Adv.
Mater. Sci. Eng. 2015, 718207 (2015)

2. 1. Zhukov, S. Vorozhtsov, V. Promakhov, I. Bondarchuk, A. Zhukov, A. Vorozhtsov,
JPCS 652 (2015)

3. A. B. Vorozhtsov, M. Lerner, N. Rodkevich, H. Nie, A. Abraham, M. Schoenitz, E. L.
Dreizin, Thermochim. Acta. 636, 48 (2016)

4. 1. S. Bondarchuk, I. A. Zhukov, V. V. Promakhov, S. A. Vorozhtsov, Multifunctional
Chemical Materials and Technologies: Abstracts International Scientific Conference
(TSU, Tomsk, 2015)

J. Zaripov, B. Borisov, and S. Bondarchuk, EPJ Web Conf. 76, 01032 (2014)

I. S. Bondarchuk, I. A. Zhukov, V. V. Promakhov, PFSD-2018 (TSU, Tomsk, 2015)

C. Junmeng, H. Fang, W. Yi, Y. Fusheng, Chem Eng J. 124, 18 (2006)

J. E. House, Principles of Chemical Kinetics (Academic Press, Cambridge, 2007)

I. S. Bondarchuk, I. A. Kurzina, S. S. Bondarchuk, Higher Education Today 9, 22 (2014)

A A



