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Abstract: In last decades, photocatalysis processes induced by titanium dioxide under UV and Visible 
electromagnetic radiation have shown a great potential in disinfection of water and air, also in 
degradation of many pollutants, especially organic pollutants. The procedure is a low-cost one, 
environmental friendly and sustainable. The energy consumption is almost zero or very low, because 
sometimes only solar radiation needed. Photocatalysis is an advanced oxidation technology which could 
remove persistent organic compounds and microorganisms from water and air. The mechanism of 
photocatalytic reactions need to be clarified, in particular inactivation of bacteria.This paper reviews 
some mathematical models of disinfection, which correlates experimental data with theoretical 
suppositions and hypothesis. The biochemical processes are very complex and a lot of parameters need to 
be taken into account. A mathematical model has to be as simple as it is possible. The aim is to utilize a 
multi-variables optimization approach to find the optimum parameters needed to control and enhance the 
photo-disinfection efficiency process.  
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1. INTRODUCTION 
 

Degradation and pollution of the environment 
forced research in the field of protection and 
restoration. Advanced oxidative processes 
offer good perspectives in degradation of 
pollutants and disinfection. Photocatalysis is 
an advanced oxidative process which consists 
in production of high reactive species under 
the action of UV or Visible radiation on a 
photo catalyst surface. Titanium dioxide is the 
most important photo catalyst due to specific 
properties as width of the band gap, low cost 

and abundance. Figure 1 presents a scheme of 
the photocatalytic process [1, 2]. 

 

Figure 1. Photocatalysis: electron-hole pairs on 
titanium dioxide surface and reactive species 

forming 



The stages of photocatalytic reactions are 
presented as follows: 

a. Generation of mobile charge particles under 
the action of a radiation with hν>3.16 eV (Eg 
value for TiO2 anatas): electrons (e-) in 
conduction band and holes (h+) in valence 
band: 

( ) ( )+− +⇔+ hTiOeTiOhTiO 2222 υ     (1) 

b. Recombination of electron-hole pairs: 

( ) ( ) lightheatTiOhTiOeTiO ,2 222 +⇔+ +− (2) 

c. Reactions on photo catalyst surface: 

The holes are strong reducers and directly 
oxidize compounds, or react with electron 
donors like water or hydroxyl ions, forming 
hydroxyl radicals (reaction 3). Hydroxyl 
radicals form on TiO2 surface by reaction 
through holes from valence band and water 
molecules or adsorbed hydroxyl ions 
(reactions 4-5). 

( ) 2112 Re TiOOxdhTiO +⇔+ ++              (3) 

( ) 222 TiOHOHOHhTiO ++∗⇔+ ++     (4) 

( ) 22 TiOOHHOhTiO +∗⇔+ −+             (5) 

Photogene rated electrons react with oxygen 
forming superoxide radicals (O2

-*) (reaction 
6). Superoxide radicals react with protons 
forming free radicals HO2* (reaction 7) which 
further forms O2 molecules and H2O2 (reaction 
8). Electrons from conduction band react with 
oxidative species (reaction 9). 

( ) 2222 TiOOOeTiO +⇔+ −∗−         (6) 

∗+−∗ ⇔+ 22 HOHO               (7) 

22222 OHOHO +⇔∗                     (8) 

( ) 2222 Re TiOdOxeTiO +⇔+ −−      (9) 

d. Degradation: 

Radicals and ions formed on photo catalyst 
surface could: 

► react with adsorbed compounds on photo 
catalyst surface; 

► diffuse from photo catalyst surface into 
solution to participate further on chemical 
reactions; 

► recombine by electrons transfer reactions – 
this process has to be limited because it is 
responsible by low efficiency of 
photodegradation process. 

2. KINETICS AND MODELING 
 

Kinetics and mecanism of 
photocatalytic reactions in photomineralization 
or photo-disinfection rate of the water 
contaminants are useful to study the whole 
process. Different kinetics and rate model for 
both photomineralization and photo-
disinfection are discussed in this section [3-5]. 

2.1. Kinetisc of photocatalytic reactions: 
photomineralization and photo-desinfection 

Kinetic or mechanism studies about irradiated 
TiO2 surfaces usually focussed only on a 
single constituent model organic compound. It 
was found that Langmuir-Hinshelwood (L-H) 
kinetic describes satisfactory photocatalyitc 
reactions. According this model the 
photocatalytic reaction rate (r) is proportional 
to the fraction of surface coverage by the 
organic substrate (Qx), kr is the reaction rate 
constant, C is the concentration of organic 
species and K is the Langmuir adsorption 
constant: 

KC
KCkk

dt
dCr r

xr +
==−=

1
θ      (10) 
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Eq. (10) could be solved considering initial 
concentration C0 in a reference point, as 
follow: 

( ) KtkCCK
C
C

r−=−+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
0

0

ln     (11) 

The value for K could be obtained by 
linearization of Eq. (10), where 1/r is rated at 
1/C: 

00

111
KCkkr rr

+=        (12) 

When the concentration of organic compounds 
is low, and noted k' = krK, 

CkKCk
dt
dCr r ′==−=     (13) 

tkeCC
/

0
−=             (14) 

tkKtk
C
C

r ′−=−=⎟
⎠
⎞

⎜
⎝
⎛ 0ln       (15) 

This could be represented as in fig.2 

(rate constant k vs. catalyst loading), and it is 

satisfactory for designing great majority of 

photochemical reactors.  

 

Figure 2. Usually representation of saturation 
kinetic for degradation of an organic compound in 

a photocatalytic reactor 

2.2. Kinetics of photo-disinfection reactions 

Eq. (16) describes a photo-disinfection 
reaction, assuming that the concentration of 
the photo catalyst is constant during 
irradiation. 

1−−= mnx TCkmN
dt
dN        (16) 

where dN/dt is inactivation rate, N is number 
of surviving bacteria after irradiation time t, k 
is experimental constant rate, C is 
concentration of used photo catalyst and m, n, 
x empiric constants. Chick-Watson (C-W) 
model is the most used for studies about 
photo-disinfection in a simple hypothesis 
regarding the mechanism and it is described by 
Eq. (17). 

Tk
N

N ′−=
0

log         (17) 

 



C-W model describes photo-disinfection rate 
like a linear function of bacteria number and 
photo catalyst charge. Fig. 3 shows a 
representation of C-W model, fig. 4 the 
modified C-W equation (Eq. (18)). 

 

Figure 3. Chick-Watson model representation 

 

 

Figure 4. Modified C-W model representation 

 

mnTCk
N

N ′−=
0

log        (18) 

Eq. (19) characterizes Hom model, represented 

in fig. 5 while fig. 6 presents the modified 

Hom model (Eq. (19)). 

 

 

Figure 5. Hom model representation 

 

Figure 6. Modified Hom model representation 

( )[ ] sktkk
N

N
21

0

exp1log −−−=      (19) 

Marugan et al. (2008) found in their 
studies those three regions (a shoulder, a linear 
one and the tail) specific in many photo-
disinfection processes [6]. They used a 
commercial form of the titanium dioxide, 
named Degussa P-25. The first region is an 
initial delay, called “shoulder” which could be 
explain like a resistance of the bacteria before 
chemical reactions will perforate their cellular 
membrane. For the second region, a linear 
behavior was observed in the great majority of 
studies. The third region or the “tail” is not 

radation of inactivated bacteria 
cells. Other e “tail” as 

understood completely. Some researchers 
justified it like a competition through different 
secondary compounds which appear during 
photochemical reactions and other reactions 
caused by deg
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a resistance of a number of bacteria from 
whole p

mation for designing 
practical disinfection systems. 
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Even the processes have to be clarified in the 
terms of accuracy, the empiric experimental 
and theoretical data could offer information for 
designing photocatalytic systems for 
disinfection.  
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