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Abstract

Many reactions that are written as a single reaction equation in actual fact consist of a series of elementary steps.
Even though a balanced chemical equation may give the ultimate result of a reaction, what actually happens in
the reaction may take place in several steps. A chemical equation does not tell us how reactants become products.
Knowledge about this process will become extremely important as we learn more about the theory of chemical
reaction rates. This paper presents an analytical method for describing two-step exothermic reactions with
Arrhenius Kinetics and reactants consumption. We assume that the reaction is not stirred, that is, change depends
on space variable and examines the properties of the solution of the model. We solve the equations using
parameter-expanding method and eigenfunctions expansion technique. The results obtained revealed that the
temperature of the medium, for a non-stirred reaction, is symmetric and monotonically increasing. Also, the
temperature of the medium increases and reaches steady state as activation energies ratio increases, for a well-

stirred reaction.

Keyword: Arrhenius kinetics, two-step exothermic reactions, reactants consumption, analytical solution.

1. Introduction

Chemical reaction kinetics deals with the rates of chemical processes. Any chemical process
may be broken down into a sequence of one or more single-step processes known either as
elementary processes, elementary reactions, or elementary steps. Elementary reactions usually
involve either a single reactive collision between two molecules, which we refer to as a
bimolecular step or dissociation/ isomerization of a single reactant molecule, which we refer
to as a unimolecular step. Very rarely, under conditions of extremely high pressure, a
termolecular step may occur, which involves the simultaneous collision of three reactant

molecules. An important point to recognize is that many reactions that are written as a single
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reaction equation in actual fact consist of a series of elementary steps. This will become

extremely important as we learn more about the theory of chemical reaction rates.

A two-step reaction is a chain reaction of the form AR , x Rz . g where are the
reactant and the intermediate product X generates the final product B . Although chain
reaction involves multiple steps but the initiation (step where the chain carriers are initially
formed), propagation (step where the chain carriers produced in the initiation step attack other
molecules which results in the formation of a new carrier) and termination (step where the
carriers combine and end the chain) steps are primarily involved (Folly, 2004). The reactions
A—C and A— B — C have different implications in terms of heat release which is our

interest.

The study of mathematical equations describing some combustion problems has attracted the
interest of many researchers. The study, in general, has led to the design of new or improved
combustion devices. Although the research into reactions started a long time ago, for examples:
Frank-Kamenetskii (1969), Ayeni (1982), William (1985), Buckmaster and Ludford (1992),
Okoya (1999), Popoola and Ayeni (2003), Olanrewaju (2005), Olayiwola (2013), but there is
need for new study.

Ayeni (1982) presented an asymptotic analysis of a spatially homogeneous model of non-
isothermal branched-chain reaction. Of particular interest is the so-called explosion time and
he provided an upper bound for it as a function of the activation energy. Okoya (1999)
considered the spatially homogeneous form of a reactive system model and employed effective
activation energy approach to obtain an analytic expression for the thermal ignition time.
Popoola (2007) studied the mathematical theory of two-step Arrhenius reaction and
investigated the influence of some rate parameters on the chain reaction. Recently, Makinde et
al. (2013) studied two-step exothermic reactions with and without reactants consumption
subject to Arrhenius kinetic model. They solved the system of equations numerically to account

for the effect of various dimensionless parameters.

The objectives of this paper are to examine the properties of the solution of two-step exothermic
reactions with Arrhenius kinetics and reactants consumption and obtain an analytical solution

for describing the phenomenon.
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2. Model Formulation

The basic model scheme follows from the simple chemistry of sequential reaction:

A—f sB—* 5C. We assume that the reaction is not stirred, that is, change depends on
space variable and that the initial reactant A participated in two parallel reactions with
activation energies g, and E,, and heats of reaction Q, and Q, respectively. Under these
assumptions, the equations describing two-step exothermic reactions with Arrhenius kinetics

and reactants consumption are:

oX | 9°X -

oD, = —AXeR 1

ot b ox? A @

oY oY -2

D AYe T (2)
oT 0T = -

pcpaz kax_2+ Alle e RT +A2Q2Ye RT (3)

The initial and boundary conditions were formulated as follows:

X(x0)=X,  X(01t)=0, X(Lt)=0

=Y,, Y(Ot)=0, Y(L t) , (5)
:TO’ T(O’t):Tl' ( )

where X is the concentration of reactant A (kg/kmol), Y is the concentration of reactant B

(kg/kmol), t isthe time (s), R is the universal gas constant (kaol’lK’l), A, A, arethe
pre-exponential factors of the two reactions (S_l), E,, E, arethe activation energies of the
two reactions (J/kmol), k is the thermal conductivity, Q,, Q,are the heat of the reactions
(3/kg), D,, D, are the diffusion coefficients, C, is the specific heat capacity at constant
pressure (JK‘lkg‘l), P is the density (kg/mg), T s the temperature (K) T, isthe initial
temperature (K) X is the distance (m) X, is the initial concentration of reactant A

(kg/kmol), Y, is the initial concentration of reactant B (kg/kmol).
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3. Method of Solution
3.1 Existence and Uniqueness of Solution

k
Theorem 1: Let D, = D, = ——=A4. Then the equations (1) — (3) with initial and boundary

p

conditions (4) has a unique solution for allt > 0.

Proof: Multiply (1) by % (2) by % and adding, we obtain

p p

o 82(/)

kA Bt 5

at aXZ ( )
1

C"(X’O):To +pC_(QlXO +Q,Y, )7 (/’(O’t):Tlf (p(L,t)ZTO, (6)

p
where

q)(x,t):T(x,t)+pci(qlx(x,t)mzv(x,t))

p
Using the eigenfunctions expansion method (where details can be found in Myint-U and
Debnath (1987)), we obtain the solution of equations (5) and (6) as

o(x,t)= ii(l—(—l)“ {TO + pcip(leo +Q,Y, )Jexp[— ﬁ(n{Jzt]sinnTﬁx +

n=1 nz
(7
X
T1+E(T0—Tl)]
Then, we obtain
- 2 n 1 Q1X0+ nrz 2 Cnrx
P ;E(l_(_l) {TO +pc_p(Q2Yo Bexp[—A(TJ tj3|nTx+
X(x,t)= Qp o
1 X Qz
T +—(T, =T |=| T(x,t)+ —=2Y(x,t
( +=( )j ((X )+pcp (x )J
o 2 1 (Q,X,+ s
TO+Z_(1—(—1)n{TO —( 1700 D p[_,{_J t}sm—x+
n=t 2Yo
Y(x,t)= 20 nz e, \Q .
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T, +ii(1—(—1)” {TO erci(le0 +Q2YO)]exp[— ;t(nTﬂ) t]sinn{x+

p

AR AR CECTRERTRY

T(x,t)=

(10)
Hence, there exists a unique solution of problem (1) — (3). This completes the proof.

3.2 Non-dimensionalisation

Here, we substituted equation (8) and equation (9) into equations (1) — (3) and non-

dimensionalised, using the following dimensionless variables:

t' _A X =2 ¢ = X _Y
L2’ L’ Xq ' 4 Y, | (11)
g (T-To) ,_E __RT,
eT, ' . E,
and we obtain, after dropping prime
4
% Z ? al(Zaexp( 2t)sinn7zx+h(l—x)—b@—cyxje“ef’ (12)
oy . 621// e q ( 2 zt) ; h (1 ) bo— f 1529
ol 2-1: expl-n®z%t)sinnax + h, (1-x)—b,0 - fg |e (13)
4
aaf o0 0 (Zaexp( Zt)sinnﬂx+h(l—x)—be—cwjeheg +
(14)

76
52(2 d exp(- n?z%t) sinnax + h,(1- x)—b,0 - f¢je1+5‘9
n=1
Together with initial and boundary conditions:

#(x0)=1 ¢(0t)=0,  ¢Lt)=0
p(x0)=1 y(0t)=0, y({Lt)=0, (15)
6(x,0)=0, 6(0,t)=6., 6(Lt)=0

where
2 1-(-1)
= mp( ( ) ) TO+L(Q1XO+Q2YO) ' bzpcpETO’ YQ2 f:XOQl,
nzXo,Q, PCy XoQ: 0@ YoQ,
2 1-(-1)" _
_ PCp( (1) ) T +L(Q1X0+Q2Yo) , bl:pcp—e'l'o’ 9*:T1 TO,
nzY,Q, £C, Y, Q, eT,
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! v
2,7 2 L
o, = AXQL® ©_ Erank-Kamenetskii parameter, &, = AYoQoL'e © o nk-Kamenetskii
pe, € Tod pc, €T A
> -2 L2 -z T,-T T, -T,
parameter, O'1=Al—e <, GZ:AZ_e < h:pcp(l 0)’ hlzpcp(l o)
A A XOQl Yon

Equations (12) — (15) will be considered in three forms and we shall examine the properties of
the solution of these problems.

3.3 Problem 1: A non-stirred reactions with reactants consumption.

For non-stirred reactions with reactants consumption, let equations (12) — (15) be written as

2 4
0_20 (ag+ha-bo-cy e 5)
0 0? 7
EV/ - axl/; —0,(dg +h,q-b,o— fg)et= @
2 4 70
% = Zx—f +6,(ag +hq—bO —cy )e™< +5,(dg + h,q-b,0 - fp)et+< (18)
where

g= g(x,t)=2exp(—n27z2t)sin nzx,  q=q(x)=[0-x)

=1
3.3.1 Properties of Solution
Theorem 2: Let >0, a=b=d=b =h=h=y=1 and ¢c=f=0 in (18). Then
O(xt)=0 for (x,t)e(0,%0)x(0,t,), t,>0. Inthe proof, we shall make use of the following
Lemma of Kolodner and Pederson (1966).

Lemma (Kolodner and Pederson (1966)) Let u(x,t)= O(e“‘x‘z) be a solution on R" x[0,t) of
the differential inequality Zt—u—Au+ K(x,t)u>0, where K is bounded from below. If

u(x,0)> 0, then u(x,t)>0 forall (x,t)e R"x[0,t,).

Proof of Theorem 2: Let e>0, a=b=d=b =h=h =y=1 and c=f =0 in (18). We

obtain

00 %0 0 z
E_ax_z‘*‘ (51 +0, )el+609 = (51 +0, )(g + q)ehee
That is
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2 0 A
Z—f—ng +(5,+05,)e"9>0, since (5, +5, g +q)er=? >0,

This can be written as

2
%—Z—f+ K(x,t)8 >0
X

where

[4

K(x,t)= (6, +,)et<*

Hence, by Kolodner and Pederson’s lemma Q(X,t) > 0. This completes the proof.
Theorem3: Let e>0, a=b=d=b =h=h =0,=0,=06,=90,=y=1and c=f =0n
(16) - (18). Then %zo , ‘Z—i’zo and %20 |

Proof: Let e>0, a=b=d=b =h=h=0,=0,=96,=06,=y=1 and c=f =0 in (16)
- (18). We obtain

4

2 [
%_M+(g +q_9)el+e€ :0

ot ox®

2 4
aa—l/t/—zxf +(g+q-0)er’ =0
00 9% 6
5 e 2era-o)er =0

Differentiating with respect to t, we have

2 2 0
ﬁ(%)_a_z(@):[%_a_g+(g_g_q{ 1 )%}M
ot\ ot ) ox“\ ot ot ot l+ed) ot

w22 -9 %
Ot, ot and ot

Then
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2
ou 8u>

ot ook
o 0%V
- >

ot ox®

2 2 0
%W_aa \£v+2{1_(g +q—t9)(l 1 9) ]e“d’wzo
X + €

This can be written

2

aat—u—g—l;Jr K, (x,tu>0
X

o 0%V

5_87+ K,(x,tv>0
2

%—Z—\Q’-F K,(x,t)w>0
X

where

2 4

K,(x,t)=0, K,(x,t)=0, Ky(x,t)=2 1—(g+q—o9)( 1 j glrel
1+ €6

Clearly, K, and K, are bounded everywhere and K, is bounded from below. Hence by

Kolodner and Pederson’s lemma u(x,t)z 0, V(X,t)Z 0 and W(X,t) >0 ie., % >0, aa—l’;/ >0

and % > 0. This completes the proof.

3.4 Problem 2: A steady-state reactions with reactants consumption.

For steady-state reactions with reactants consumption, equations (12) — (15) reduce to

d2¢ 0

™ ~o,(ag+hg-bl—cy)e=? =0 (19)
X
le// 70
7 O (dg+h,g—b@ - fg)et=? =0 (20)
d’o = -
Fva 5,(ag+hq—-bé-cy)er= +5,(dg +h,g—b6 - fglet=f =0 (21)
X
where

g=g(x)=2sinnz,  q=q(x)=(-x)
n=1
3.4.1 Properties of Solution
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Theorem 4: Let e—>0, a=b=d=b, =h=h =0, c=f=-1land g¢=y =y=11in(19) -

(21). Then 6(x) is symmetric about x =

N |-

Proof: Let e—>0, a=b=d=b,=h=h =0, c=f=-1and g=y =y =11in (19) — (21).
We obtain

d?6(x)
dx?

Let Y =2x-1

+(6,+06,)™™ =0, 6(0)=0, 0(1)=0

Then
d 2 d 2

o dy?

So the problem becomes

2
ddi(zy) e Z S2) ot g 6(-1)=0, 0(1)=0.

It suffices to show that&(— y)= 6(y). Replace y by —y . We obtain

d?6(-y) n (6, + 52)e6(—y) ~0
d-yf 4

Hence @ is symmetric about y =0 i.e. 8 is symmetric about x = % . This completes the proof.

Theorem5: Let e—>0, a=b=d=b,=h=h =0, c=f=-1and ¢=y =y=11in(19)

_(21). Then e'(%j 0.

Proof: Let e—>0, a=b=d=b, =h=h =0, c=f=-1and ¢=y =y =1in(19) - (21).
We obtain

d?6(x)
dy?

+(6,+5," =0, 6(0)=0, 6(1)=0

Since e(x) IS symmetric about x = % . Then 9’(%) = 0. This completes the proof.

Theorem 6: Let e >0, a=b=d=b,=h=h =0, c=f=-1and ¢=y =y=11in(19) -
, 1
(21). Then @'(x)>0 for x e (O,E] :

Proof: Let e—>0, a=b=d=b, =h=h =0, c=f=-1and g=y =y =1in(19) - (21).
We obtain
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d?6(x)
dx®

Using Ayeni (1978), we obtain

=—(5,+5,",  00)=0,  06(1)=0

0(x)= (6, +5, ) k(x, t)e

where
X, 0<x<t
k(x,t)= .
f, t<x<—
2
So

! 1
Hf(x) = (51 + 52){Xe9(x) n J‘Xgee(t)dt _ Xea(x)}: (51 +5, )J‘Xgee(t)dt

Hence, H(x) is strictly monotonically increasing for x e (0, %J . This completes the proof.

3.5 Problem 3: A well-stirred reactions with reactants consumption.

For well-stirred reactions with reactants consumption, equations (12) — (15) reduce to

0

%zal(b€+cw+h)e“€9 (22)
oy IZ

— = (b,0 + fg+h, e (23)
00 ’ 79

E:—él(b¢9+c://+h)el+€9 ~5,(0,0 + T+, Jetr<e (24)

3.5.1 Properties of Solution
Theorem 7: Let e—>0, b=b, =h=h =0, c=f=-1 and ¢=y =y =1 in (22) — (24).

Then t= for A(t) — .

1
(6,+5,)
Proof: Let €e—>0, b=b =h=h =0, c=f=-1 and ¢=y =y=1 in (22) — (24). We
obtain

dz—?)=(51 +52)eg(t)v 9(0)20

Integrating with respect tot, we obtain the temperature of the reactants as

O(t)=—InL— (5, +35,))
Then
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1

:m as  O(t)—> o

where t is the time for ignition to occur. This completes the proof.

3.6 Analytical Solution

Here, we consider problem 1 and 3 whene—0. Ayeni (1982 has shown that exp(6) can be

approximated as 1+ (e —2)@ + #°. In our analysis, we are interested in an approximation of the
form:

exp(@) =1+ (exp()—2)0 =1+(e - 2)0 (25)
Using parameter-expanding method (where details can be found in He (2006)) and

eigenfunctions expansion technique (where details can be found in Myint-U and Debnath

(1987)), we obtain the solution of problem 1 and 3 respectively as

Problem 1:
. 2A0 .
—0.0- e -1
0(x,t) = 6.( x)+§ o e Jsinnzx +
te %' —
ZBBlz(efqlt _e_qot)"‘h(l_e_qot)_zp‘s 1 St )|
n=1 qo n=1 q_(l_e 0)
0

Jo Qo

23] SaTa(L- e aen ) L
A{Blz(e_qﬂ —e%t)_qi(l—e%t )]Jr AB,, (e —e )+
2 [ i(l—e‘%t)_

S e, o) a

=1 — _
n Bl2 (e Ogt —e %t)

(26)

_ Z[B By —1)+ 3 (By e —e ) B, L—e ))]sin —_—

=1 n=1

>

(27)

-2 3 e S Tt ) 2T ) g 1)+

= O, q,nz sinnzax

" 9,(t)+ 95(t)
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w(x,t)= i(Bseq1t + By (e’q1t —1)+ i(& (e‘qt —e’ql‘)— B, (1— e ™ ))]sin nzx +
n=1

n=1

2, 0,5, at), 20,56 at (28)
-2 i{eq{;q—l(l_e )+W(l_e )+ g4(t)+Dsinn7zx
" g+ 96()

B (e g )+i82( B, (1w ) i(eqlt_l)}r

gl(t) _ Glb ql n=1 ql
S st e s L )
1

where

n:l n_l

i BB,, (t -By, (1_ gtk ))+ i(qi (eq1t —1)— B,, (1— ettt )] -
n=1 1

o

L oot _q)_
8122 (1— p(®@—o)t )_ Blzte(ql—qo)t _ qi[ql (eq l) }J )
0

By, (l — et )

Bl4 (1 gl20) ) 2(8122 (1—e(q“q°)t)— Blzte(C‘1q°)t)+J
- f(t)

0.(0)=b | X A

n=l| n=1

SASal 2

L)

Qo0

B, (Blz (1_ gla-aok )— t)—

9;(t) = ous, g{BS(tqll( e —1)j+ B t+2;‘{8 (1@% _1)—tJ ﬂ
Q,

E(eqlt _1)+ i Bz[Blz (1_ elu %) )— 1 (eqlt —l)] +

% n=1 0,

g4(t)= o,by . ; 1
S50 000 oz L)
n=1 n=1 )
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0

5 e, -8, -0 1) A2 Lo ), s -

n=1 Jo

by 1 2 et 1)
gs(t):o-zb1 Z ZA5 5122(1 i)t ) B, te (G-t _ q, B
n=1| n=1 qo Blz(l—e(ql_%)t)
.. BM@ e@2wl)_2(B2 (-l 1 )_ B el %) )4
A A a — £(t)
n=l  n-l ( 1)
0,0,

. (By(BLl—e e )—t)-
Z{B[ ql<eqt1>j+Bt+;{Bn[ql(em ) }

.- ufie ) 2 Lo 1) fer )

qO ql
AB,, (t— B, (1—e® 1))+ h(t)
w AlO (8122 (1_ e(qlqu)t )_ Blzt(:"(qrqo)t - BlZ (t - BlZ (1_ e(%*%)t )))_
T A e b))

O

n=1

116



Olayiwola et al. ILORIN JOURNAL OF SCIENCE

A=(5b+5,b), g, =A+n’z?, A =ocb A =o,b, B, = 2?263’*
n-z
20— (-1)" 2AA 0. 2AA 0. 2A.0.
BGZM’ qo:nzﬂ'z, B7:—21 88: 2 ! Bg: "?13’
nz QOn”(Ch_qo) g,n7q, n-z
2 o. 2 0. 1
Bloz AAl Bll AAl 812: , B 2(5132 +5253)’

qon”(ql _qo)’ B Qon7zq, , do —O1

_ 200 (n*x? — 2+ 2(-1)")

2C
C=(55,+5,5) D=(sb+s,by), A = = a

nz®
A 4ADO? (272 —1+ (—1)") A 28D, 4A02(2-3(-1)" +(-1)")
B 2q,n°z° ' gz 3q,n%7z> '
20.(A,8,5, + AS,S,) 2A6.(A,8,5, + AS,S,)
= ) :B 58 +5 S y = 1
AS n37Z'3 AQ 6( 1+¥1 2 4) AlO qonﬂ_(ql_qo)
2M6.(A,8,5, + AS,S, ) 202(n?7? -2+ 2(-1)")
_ LA, =(A,—A,) B, = ,
Ay Qo A, = (A —A,) B, =3
5 an02(nia? —1+ (-1)7") 5 2A o 4n02(2-3(-1) + (1))
2 2q,n°7° © gt 3q,n27? ’
1 1 c a d f
B,=———, B,=————, p=(-2), ==, s,=—, S;,=—, S, =—,
©o(m-290)" Y a(a, —20,) e-2) s p’ " pt 7 p T p
[ :E S :ﬂ
5 p’ 6 p
Problem 2:

Al(%(l_e—At)_Zte—At _%(e-zm _e A )j‘i'

Bl(%(l—e’“)—te‘“j—

o(t)=2 (e ~1)+ (e 2) , (29)

A 1 — At l —At —At
(A2+Bz)(x(1—e )—t+x(1—e )-te j—
1 1 At
(A3+B3)(Kt—ﬁ(l—e )]
ot) =1+ (e 2)(r(c Ph)ta r:\’ZB (- At—e* )j (30)
z//(t):1+(e—2)(s(f +h)t+ 52128 (- At—e™ )j (31)
where
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p=(e—-2), r:ipl, s:o-—pz, A=(5b+6,b) B=(5(c+h)+5,(f +h))
A = B*(Gib+5,biy) o _ B(Gi(c+h)+5,(f +h)y) p, = BosCh

B A? ’ v A ’ A
B, = Biz\zfrb, A, =8sc(f +h)  B,=d,r(c+h)f

The computations were done using computer symbolic algebraic package MAPLE.

4. Results and Discussion

The systems of coupled nonlinear partial differential equations governing two-step exothermic
sequential reactions with Arrhenius Kinetics and reactant consumption are solved analytically
using parameter-expanding method, direct integration and eigenfunctions expansion technigue.
In particular, we prove the existence and uniqueness of the solution of the model by actual
solution approach. The model formulated is considered in three forms and we examine the
properties of the solution of each form. Analytical solutions given by equations (26) - (28) and
(29) - (31) are computed using computer symbolic algebraic package MAPLE. The numerical
results obtained from direct integration and eigenfunctions expansion technique are shown in
Figures. 1 to 6. Figures 1 — 3 is for a non-stirred reaction while figures 4 — 6 is for a well-stirred
reaction. The relation between temperature, time and distance is depicted in Figure 1. The
relation among the concentration of reactants, time and distance are depicted in Figures 2 and
3. The temperature-time relationships are displayed in Figure 4. The concentration-time

relationships are displayed in Figures 5 and 6.

Figure 1 depicts the graph of 9(x,t) against x and t for different values of y . It is observed

that the temperature of the medium is steady with time and increases and later decreases along

distance but does not change much as the ratio of activation energy increases. Figure 2 shows

the graph of ¢(x,t) against x and t for different values of . It is observed that the

concentration of reactant A is steady with time and increases and later decreases along distance
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but does not change much as the ratio of activation energy increases. Figure 3 displays the

graph of y/(x,t) against x and t for different values of y . It is observed that the concentration

of reactant B is steady with time and increases and later decreases along distance but does not

change much as the ratio of activation energy increases.

Figure 1: Relation among temperature, time and distance for
difference values of 7y

119



Olayiwola et al. ILORIN JOURNAL OF SCIENCE

Figure 2: Relation among concentration of reactant A, time and
distance for difference v alues of y

Figure 3: Relation among concentration of reactant B, time and

distance for difference values of 7y
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Figure 4 depicts the graph of 49(t) against t for different values of y . It is observed that the

temperature of the medium increases and reached steady state with time but increases as the

ratio of activation energy increase. Figure 5 shows the graph of ¢(t) against t for different

values of . It is observed that the concentration of reactant A decreases with time but does
not change much as the ratio of activation energy increases. Figure 3 displays the graph of

n//(t) against t for different values of . It is observed that the concentration of reactant B

decreases with time but does not change much as the ratio of activation energy increases.

1
_.:r,:_l TzT---..:rrz

Figure 4: Temp erature - time relationships for different values of 7y
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Figure 5: Concentration of reatant A - time relationships for
different values of y
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Figure 6: Concentration of reatant B - time relationships for
different values of 7y
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5. Conclusion

This study had delved into the mathematical modeling of two-step exothermic sequential
reactions with Arrhenius kinetics and reactant consumption. The governing parameters of the
problem are the Frank-Kamenetskii numbers and the ratio of activation energies. The study

revealed the following:

1. For non-stirred reactions: (i) temperature of the medium is symmetric about

X :%, 0 < x <1. (ii) temperature of the medium is strictly monotonically increasing

for Xe(O,%j. (iii) Ratio of activation energies has no significant effects on

temperature of the medium and concentration of reactants.

2. For well-stirred reactions: (i) For a large temperature of the medium, when E, = E,, the

ignition time is equal to the inverse of the sum of Frank-Kamenetskii numbers, that is

t

=5 as 6(t)—oo. (ii) the temperature of the medium increases and reached
1+ 2

steady state as the ratio of activation energies increases while the ratio of activation

energies has no effect on the concentration of reactants A and B.

The results highlighted above showed that the rate of reactants consumption and temperature
of the medium could be controlled by activation energies ratio and activation energy
parameters. These results are useful in both explosion and combustion industries for regulations

and safety purposes.
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