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Abstract: In this paper the problem of mass transfer of ozone of the second order from a gaseous
phase into an aqueous phase has been studied. And He’s variational iteration method is applied to
derive an analytical approximation to the solutions of the system of differential equations governing
on the problem. Some parametric studies have also been included. To illustrate the effects of the
temperature and hydroxyl ion reaction order to the solutions, some plots are provided.
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1. INTRODUCTION

The use of ozone has been shown to be efficient in activating pathogens and reducing bacterial
gill disease in freshwater re-circulation systems. Even in marine systems, for handling
environmental contaminants, the use of ozone, is increasingly becoming very popular.
Furthermore, ozone has been shown to improve water quality by oxidizing nitrite, natural
organic matter (NOM), ammonia, and removal of fine suspended particles as well as re-
oxygenation of the water [1,2].

The ozone demand and decomposition behavior in aqueous solutions need to be quantified.
In this study, the ozone decomposition kinetics is being investigated. Applying He’s variational
iteration method, for the first time, solves non-linear equations, governing the problem. This
reliable analytic approximation to the solution is of great interest. The main reason of this
interest is that this analytic approximation can be used in many engineering purposes, using
this analytic approximation one can easily study the effects of different parameters to the
solution. Mathematical modeling of the problem leads to the following system of two non-
linear differential equations:
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Where D(t) concentration of NOM fraction with fast ozone demand (mg/l); C(t) dissolved
oxygen concentration at time t (mg/l); K

R
first-order ozone decomposition rate constant

(1/min); and K
R

second-order rate constant (1/mg min).

Biazar, Tango and Islam [3] used Adomian decomposition method (ADM) to solve this
problem. A substantial amount of numerical and analytical work has been done on this work.

2. HE’S VARIATIONAL ITERATION METHOD

This method, which has been developed by J. He, (1998), [4-6], is a popular device for solving
various non-linear equations.[7-8] To illustrate the basic idea of the method, consider the
following general non-linear system:

( ) ( ) ( ) .Lu t Nu t g t+ =  (2)

Where L is a linear operator, N is a nonlinear operator, and g(t) is a known analytical
function. According to variational iteration method, we can construct the following correction
functional:

1( )nu t+ =
0
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t
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Where λ is a general Lagrange multiplier [9], that can be identified optimally via variational
theory [10-11],

nu is considered as restricted variation [11], i.e., 0nuδ = , and u
0
(t) is an initial

approximation with possible unknowns. For linear problems, exact solution can be obtained by
only one iteration, because λ can be identified exactly.

3. SOLUTION OF SYSTEM (1) BY VARIATIONAL ITERATION METHOD

For solving system (1), correction functional can be written down as follows:
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Making the above correct functional stationary and considering noticing that
( ) ( )0 0, 0 0,n nC D  δ = δ =
 we have,
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The stationary conditions can be obtained as follows:
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From this, the Lagrange multipliers can be identified as 1 2 1,λ = λ = −  so we obtain the
following iteration formula:
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Beginning with C
0
 = C(0), D

0
 = D(0), by iteration formula (6) we have,
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4. NUMERICAL STUDY AND DISCUSSION

For numerical study let us start with stating the relationship of K
D
 and K

R
 with other parameters

as:
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Where A
D
 and A

R
are frequency factors for ozone decomposition reactions (1/min);

[OH–] is concentration of hydroxide ion (mol/l); X reaction order; E activation energy (kcal/
mol); R is gas constant (kJ/K mol) and T is temperature (K).

Table 1
The Model Parameters and Constants

Parameter Values

E, kcal/ mol 8.0 × 104

R, kJ/K mol 8.314

A
D
, 1/min 10 9

A
R
, 1/min 0.5 × 10 9

C (0), mg/l 2

D (0), mg/l 10 – 5

OH 3.12764

Figure. 1: Plots of the Second-order Reaction for different Values of x Versus Time.

Figure. 2: Plots of the Second-order Reaction NOM for different Values of x Versus Time.
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Figure. 3: Plots of the Second-order Reaction NOM for different Temperatures Versus Time.

In this study the values of Table 1 are considered.

Fig. 1 shows the effect of hydroxyl ion reaction order on the ozone decomposition. Ozone
decomposes at a faster rate as the reaction order of the hydroxyl ion increases.

 Fig. 2 shows the effect of hydroxyl ion reaction order on the degradation of the natural
organic matter. The NOM degrades at a faster rate as the reaction order of the hydroxyl ion
increases.

 Fig. 3 shows the effect of temperature on the degradation of the natural organic matter.
The NOM degrades at a faster rate as the temperature increases.
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