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Abstract−− Cibacron Yellow FN-2R dye was de-

graded by heterogeneous photocatalysis with both ti-
tanium dioxide (TiO2), Degussa P-25, and zinc oxide 
(ZnO). A 32

 
factorial design was used with photoca-

talyst amount and pH as factors and the pseudo-
first-order constant as response variable. On the op-
timal conditions the pseudo-first order rate constant 
was higher when ZnO was used as catalyst. Howev-
er, the evolution of total zinc (Zn) in solution indi-
cated a significant loss of ZnO on those optimal con-
ditions as consequence of its susceptibility to chemi-
cal dissolution and photodissolution. Due to the solu-
bility curve of ZnO has a minimum at pH around 10 
and its photodissolution does not occur at pH>10, the 
photodegradation experiments using ZnO were per-
formed with a pH control near to 10. In this condi-
tion, the photocatalytic activity of ZnO was similar 
to that obtained with TiO2 when it is used in its op-
timal conditions.  
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I. INTRODUCTION 
The negative impact that different industries have on 
water environment due to wastewater discharges is fre-
quently a great environmental and health concern. Espe-
cially if it is considered the continuous deterioration to 
which rivers and marine environments are exposed 
(UNESCO, 2006). Among the environmental contami-
nants are the dyes used by the textile industries. They 
have some problems associated with the wastewater 
discharges in aquatic ecosystems like eutrophication, 
the decreasing of the sunlight penetration due to the dye 
absorption, the reducing of the photosynthesis process 
of aquatic plants and problems of visual pollution (Rathi 
et al., 2003; Guillard et al., 2003). Moreover, these 
compounds are metabolized by humans and animals 
producing free aromatic amines that are potentially car-
cinogenic and mutagenic (Alves et al., 2007). Conven-
tional methods for wastewater treatment do not seem to 
be alternatives to take into account for water treatment 
that contains those contaminants (Pandey et al., 2007). 
Using biological treatments result questionable, because 
dyes are highly recalcitrant due to their xenobiotic na-
ture. On the other hand, an incomplete mineralization is 
obtained, having aromatics amines as products of bio-
degradations, which may be more toxic than the initial 

compounds (Rathi et al., 2003; Pandey et al., 2007). 
Heterogeneous photocatalysis has proved to be an 

effective alternative to remove organic pollutants in wa-
ter (Hoffmann et al., 1995).  This technology is based 
on the absorption of photons of equal or higher energy 
than the semiconductor band gap, producing electron-
hole pairs (e-/h+), Eq. 1, 

),( −+→+ cbvbXX ehMOhvMO     (1) 
where M represents a metal, h+

vb produced holes in the 
valence band (vb), e-

cb electrons in the conduction band 
(cb). The species h+

vb and e-
cb may participate in charge 

transfer reactions when the illuminated solid is place in 
contact with an aqueous solution. The photogenerated 
electrons in the cb may reduce the molecular oxygen 
and the photogenerated hole in the vb may oxidize or-
ganic molecules. Thus the illuminated semiconductor 
acts as a catalyst for the reaction of oxidation of organic 
matter. Theoretical fundamentals of heterogeneous pho-
tocatalysis can be found elsewhere (Hoffmann et al., 
1995; Herrmann, 1999; Monllor-Satoca et al., 2007). 

A wide range of semiconductors may be used for 
photocatalysis, such as: ZnO, TiO2, CeO2, CdS, ZnS. 
TiO2 semiconductor is the most used due to its good 
chemical and photochemical stability, it exhibits high 
photocatalytic activity, it is no toxic and it is abundant 
and cheap (Herrmann, 1999). Nevertheless, heterogene-
ous photocatalysis investigations in polluted waters with 
substances such as: 2-phenylphenol (Khodja et al., 
2001), rhodamine 6G (Kansal et al., 2007), pulp mill 
bleaching wastewater (Yeber et al., 1999), reactive blue 
19 (Lizama et al., 2002) and some AZO dyes (Kansal et 
al., 2007; Akyol et al., 2004; Kositizi et al., 2007; Sak-
thivel et al., 2003), the degradation with ZnO presents a 
better photocatalytic behavior than the TiO2. In contrast, 
ZnO has the disadvantage that it is susceptible to two 
dissolution processes during the heterogeneous photoca-
talytic process. The first one is the chemical dissolution 
with these species in solution: Zn2+

(ac), Zn(OH)+
(ac), 

Zn(OH)2(ac), Zn(OH)3
-
(ac) and Zn(OH)4

-2
(ac). In acid and 

neutral medium, Zn2+
(ac) predominates, in strong basic 

medium the Zn(OH)4
-2

(ac) is the principal specie and pH 
around 10 the ZnO solubility curve has a minimum with 
Zn(OH)2(ac) as principal specie in solution (Degen and 
Kosec, 2000). The second dissolution process is the 
photochemical dissolution, where the photogenerated 
holes can oxidize the ZnO, Eq. 2, but this phenomenon 


