
Latin American Applied Research  42:51-54 (2012) 

51 

EVALUATION OF NIOBIUM OXIDE DOPED WITH METALS IN 
PHOTOCATALYTIC DEGRADATION OF LEATHER DYE  

 

G. C. COLLAZZO†*, D. S. PAZ†, S. L. JAHN†, N. L. V. CARREÑO‡, E. L. FOLETTO† 

† Chemical Eng. Department, Federal University of Santa Maria, Santa Maria-RS, 97105-900, Brazil. 
‡ Institute of Chemistry and Geoscience, Federal University of Pelotas, Pelotas- RS, 96010-90, Brazil. 

*gabicollazzo@yahoo.com.br 
 
Abstract− The aim of the present work was to ve-

rify the influence of the type of metal used in the 
presence of niobium pentoxide on the photocatalytic 
degradation of an industrial leather dye. Niobium 
oxide alone showed low photocatalytic activity, but 
with the impregnation of small quantities of metal, 
this material showed highly activity. It was observed 
that the type of metal significantly influenced the 
catalytic activity of niobium oxide. The results indi-
cate that metal/Nb2O5 could be employed for the re-
moval of dyes from wastewater. The order of photo-
catalytic activity of metal-doped Nb2O5 was as fol-
lows: (La, Zn, Ti) > (Sr, Sn, Ag) > (Co, V, Ga) > (Ni, 
Y, Cu). The metals Ce, Mn and Mo showed not effi-
cient catalytic activity in degrading the leather dye. 
Keywords−− niobium oxide, photocatalytic activi-

ty, metals, doping. 
I. INTRODUCTION 

Nb2O5 is widely used as catalyst in a myriad of reac-
tions such as dehydration (Carniti et al., 2006), hydra-
tion (Li et al., 2006), etherification (Peters et al., 2006), 
hydrolysis (Okuhara et al., 1998), dehydrogenation 
(Paiva et al., 2006), and mainly, oxidation reactions 
(Braga et al., 2007).  Niobium oxide has also been used 
as oxide support for metals such as Pt (Brown and 
Kemball, 1996), Ni (Ko et al., 1983), Co (Silva et al., 
1993) and Mo (Wachs et al., 1996). When used in this 
manner, the properties of the niobia are improved by the 
addition of these elements, while their high selectivity is 
still maintained.  
 The function of niobium compounds in catalysis 
may be that of promoter or active phase, support, solid 
acid catalyst, or redox material (Nowak and Ziolek, 
1999). Application of Nb2O5 in the photodegradation of 
contaminants has not been studied sufficiently (Komi-
nami et al., 2001; Esteves et al., 2008). Thus, the use of 
Nb2O5 as a catalyst may be a new alternative for the 
photodegradation of contaminants.  

This study aimed to evaluate niobium oxide doped 
with different metals in the degradation of azodye Di-
rect Black 38 

II. METHODS 
A. Catalyst Preparation 
To verify the influence of metals on the photocatalytic 
degradation of a dye, Nb2O5 doped with various metals 
(2 wt% metal) was prepared. A commercial niobium 
oxide (CBMM, Brazil), Nb2O5.nH2O, was used as 
starting material. The following metals were 

impregnated on niobium oxide: La, Ga, V, Co, Cu, Zn, 
Y, Ag, Ti, Mo, Sn, Ce, Sr, Ni and Mn; the precursor 
salts were La(NO3)3.6H2O, Ga2(SO4)3, NH4VO3, 
CoCl2.6H2O, CuSO4.5H2O, C4H6O4Zn.2H2O, Y(NO3)3· 
6H2O,AgNO3, (NH4)2TiF6, (NH4)6Mo7O24.4H2O, SnCl4. 
5H2O, Ce(NO3)3.6H2O, Sr(NO3)2, Ni(NO3)2.6H2O and 
MnSO4.H2O, respectively. The methodology used to 
prepare the Nb2O5 doped with metals was wet impreg-
nation. The salt was dissolved in deionized water, and 
subsequently, the oxide was added to this solution, 
which remained under constant stirring for 3 h at 80 °C. 
Thereafter, the material obtained was dried at 100 °C for 
10 h, calcined at 500 °C for 3 h and the temperature rate 
was 5ºC/min. 
B. Characterization methods 
The powder was characterized by X-ray diffraction and 
nitrogen adsorption by BET. X-ray diffraction (XRD) 
patterns were obtained using a Bruker D8 Advance dif-
fractometer; the X-ray source was Cu-Kα radiation (40 
kV e 40mA). Data were collected over the 2θ range 20–
80º with a step size of 0.05º and a count time of 35 s.  

The Brunauer-Emmett-Teller (BET) surface area 
measurements were carried out by N2 adsorption-
desorption at 77 K using Quantachrome Autosorb Au-
tomated Gas Sorption instrument, in the range of rela-
tive pressure (P/Po) of 0 to 0.99.  
C. Photocatalytic Tests 
Direct Black 38, an azo dye extensively used in the 
leather industry, was used as the model compound. The 
chemical structure of the dye is given in Fig. 1.  

The reactor was batch-type, consisting of a glass 
tube (internal diameter of 7.5 cm and 18.0 cm in height) 
with a mercury vapor lamp (80 W) fixed at the center 
and protected by a quartz bulb. The outside of the reac-
tor was covered with aluminum foil to protect from ex-
ternal UV radiation, so that the rays were reflected into 
the reactor. Furthermore, the reactor was equipped with 
an aluminum cylinder to keep the temperature constant. 

Four hundred milliliters of a 100 mg.L-1 Direct 
Black 38 dye solution was mixed with 0.4 g of the cata-
lyst. The effect of the pH on the photodegradation was 
studied, which was adjusted by addition of HCl or 
NaOH. Prior to photoirradiation, the suspensions un-
derwent ultrasound for 10 min. The suspension was 
magnetically stirred for 60 min to establish the adsorp-
tion equilibrium. An initial sample was taken for analy-
sis at the end of the adsorption period, in order to de-
termine the bulk concentration. This was considered the 


