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I
n the present article we try to formulate a unified

approach to the question of the transposition of the

kinetic equations of various degrees of complexity which

describe the kinetics homogeneous and heterogeneous

chemical processes, which take place in the metallurgical

equipment of the ferrous industry. As the simplest universal

method one can use the simplex method, whereby a kinetic

curve equation is transposable to a dimensionless form by the

use of analog simplexes corresponding to several values of ci

and τi which are chosen from the experimental kinetic curve

(where ci is the concentration of the reacting component at

instant τi) [1–8]. Thus, for example, for any two values ci and

ci+1 corresponding to instants τi and τi+1 and located on the

experimental kinetic curve and, provided that the kinetic

equation is transposed to the form τi = f(ci), we can write:

1) for instant τi, τi = f(ci); 2) for instant τi+1, τi+1 = f(ci+1).

In the case of the relevant time interval Δτi, the form of

the functional dependence of Δτ and Si on ci and ci+1 is deter�

mined by:

Δ = τi+1 − τi = ϕ1(ci; ci+1), (1)

Sx = τi+1/τi = ϕ2(ci; ci+1). (2)

The simultaneous solution of the equations Δτi = f(c)

and Si = f(c) makes it possible to derive the criterion relation�

ship describing the kinetics of the chemical process being

studied. The possibility of using the simplex method to trans�

pose kinetic equations describing the kinetics of homoge�

neous and heterogeneous processes to the dimensionless

form is illustrated by the examples set out below.

1. The kinetic equation describing the kinetics mecha�

nism of simple nth (where n =0) order reactions has the form:

c τ
= 1 − k0 , (3)

c0 c0

where m is the order of the reaction, k0 is the reaction rate

constant, c0 and ci are, respectively, the initial and instanta�

neous concentrations of the reacting component, τi = 0 and

τi is the time.

The values of the reaction rate constant can be calculat�

ed from the equation

Δc
− = k0. (4)

Δτ

2. The kinetic equation describing the kinetics mecha�

nism of simple nth (where n = 1) order reactions has the form:

c
= exp(− k1τ), (5)

c0

where k1 is the reaction rate constant (where n = 1).

Δτ = (1/k1)lnSc
−1, (6)

Δc = c0 = (Sc
Sτ/Sτ−1 − Sc

1/Sτ−1) (7)

and

Δc
− = k1c0(Sc

Sτ/Sτ−1 − Sc
1/Sτ−1)/lnSc. (8)

Δτ

3. The kinetic equation describing the kinetics mecha�

nism of simple nth (where n > 1) order reactions has the form:

c ⎛ 1 ⎞
= ⎜ ⎟

1/(n − 1)

, (9)
c0 ⎝1 + (n − 1) kn c0

n−1τ⎠

where kn is the reaction rate constant (where n > 1)

(1 − Sc
n−1)(Sτ − 1)

Δτ = [1/(n − 1) kn c0
n−1

] , (10)
Sτ Sc

n−1 − 1



(Sτ Sc
n−1− 1)1/(n−1)(Sc − 1)

Δc = c0 (11)
(Sτ − 1)1/(n−1) Sc

and

Δc (Sτ Sc
n−1− 1)n/(n−1)(1 − Sc)− = (n − 1) kn c0

n , (12)
Δτ (Sτ − 1)n/(n−1) (1 − Sc

n−1)Sc

⎛ Sc − 1 ⎞n−1

(n − 1) kn Δτ Δcn−1 = (1 − Sc
n−1) ⎜ ⎟ . (13)

⎝ Sc ⎠

The values of the c o and n can be calculated from the

equations

c0 = ΔcSc(Sτ − 1)1/(n−1)/(Sc − 1)(SτSc
n−1− 1)

1/(n−1), (14)

1 ⎡ SΔτ(Sτ,i − 1) − (Sτ, j − 1) ⎤
n = 1 + ln ⎢ ⎥. (15)

lnSc ⎣ SΔτSτ, j(Sτ, j − 1) − Sτ, j(Sτ, j − 1)⎦

4. The kinetic equation describing the kinetics mecha�

nism of the heterogeneous process of the dissolution of solid

particles has the form:

ci /c0 = (1 − Ti )
n = (1 − τi /τ0)n, (16)

where n is the exponent; T = τi /τ0 is the relative time and

equal to the absolute time τi divided by the time τ0 to the final

(or assumed final) completion of the process.

The values of the parameters n and τ0 can be deter�

mined with the equation

τ0 Sτ − Sc
1/n

= , (17)
Δτ (1 − Sc

1/n)(Sτ − 1)

Δc (Sc − 1)(1 − Sτ)
n

= (18)
c0 (Sc

1/n − S)n

and

Δc c0 (Sτ − 1)(1 − Sc)
n−1

= . (19)
Δτ τ0 (1 − Sc

1/n)(Sc
1/n − Sτ)

n−1

4. The kinetic equation describing the kinetics mecha�

nism of the heterogeneous oxidation process of solid particles

has the form:

c/c0 = 1 − exp(−kτn), (20)

where n is the exponent and kn is the reaction rate constant. 

The values of the parameters n and kn can be determined

with the equation

(Sτ − 1)n

kΔτn = lnSc
−1, (21)

(Sτ
n − 1)

⎛ Sτ 1 ⎞−1

c0 = Δc ⎜Sc
Sτ

n−1 − Sc
Sτ

n−1 ⎟. (22)
⎝ ⎠

and

Δc ⎛ Sτ
n 1 ⎞

= k1/nc0⎜Sc
Sτ

n−1 − Sc
Sτ

n−1 ⎟ (Sτ
n − 1)1/n(Sτ +1)ln1/nSc

−1 (23)
Δτ ⎝ ⎠

5. The kinetic equation describing the kinetics mecha�

nism of the heterogeneous oxidation process of solid particles

has the form:

ki ⎛ E ⎞
= Ti

mexp ⎜− ⎟, (24)
k0 ⎝ RT ⎠

where m is the exponent, E is the energy of activation, and R

is the gas constant, ki and k0 are respectively, the constants of

the temperature Ti and T0.

RΔT (ST − 1)2

= . (25)
E ST lnSkST

−m

When m = 0 

RΔT (ST − 1)2

= . (26)
E ST lnSk

Analyzing of the equations (4), (5) — (8), (10) — (15),

18, 19, (21) (22), (25), (26) one can conclude that the value

of parameters of the metallurgical processes is clearly inde�

pendent from each other, but that it is unequivocally depend�

ent on the character of the kinetic curve. This situation has a

considerable practical importance because the use of equa�

tions excludes subjectivity in the determination of the values

of parameters of the metallurgical processes.
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