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ABSTRACT 

 

INTRODUCTION 

An important quantity of the wide world production of pharmaceutical industry use phenol 
derivatives in any manner during the reaction-steps. Unfortunately, the associated waste water 
of these process became in an important environmental hazard. Different technologies exist for 
the removal of these type of organic molecules but photocatalysis and adsorption with activated 
carbon (AC) have received an increase attention, mainly in the degradation of organic molecules 
such as phenol [1-3] and 4-chlorophenol [4,5]. Our group has showed [1-5] that 
functionalization of AC´s surface plays an important role upon the photoactivity of TiO2. In this 
work, we present the solvothermal synthesis of hierarchically nanostructured and mesoporous 
hybrid materials C-TiO2 and a kinetic study of phenol photodegradation under UV-visible 
irradiation as a function of different biomass´s precursors such as furfural, chitosane and 
saccharose. 

The photocatalytic activity of three different hybrid C-TiO2 
nanostructured materials prepared by solvothermal synthesis 
was studied using phenol as test molecule under UV-visible 
irradiation. The influence of the origin of carbon was verified 
by using furfural, chitosan and saccharose as biomass 
precursors. Characterization was performed by N2 adsorption 
isotherms, FTIR, XRD, DR/UV-vis and SEM. XRD patterns 
showed that carbon precursor affects not only textural 
parameters such as surface area and pore size distribution but 
also clearly affects the crystalline framework of TiO2. In spite 
of the photocatlytic activity of C-TiO2 was lightly lower than 
that of TiO2-P25, the present results suggested that these 
materials can be potentially used as eco-friendly and low-cost 
photocatalysys.  
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METHODOLOGY 

In a typical synthesis [6] 1g of furfural (Fu), chitosane (Ch) or sacharose (Sac), and 1g of 
titanium (IV) isopropoxide were dissolved in 18mL of ethanol. The resulting solution was 
sealed into a glass vial inside a Teflon-lined autoclave, followed by solvothermal treatment at 
180ºC overnight. The resulting brown solid was separated from the solution by filtration and 
washed several times with ethanol. The material was dried in a vacuum oven at 80ºC for several 
hours and sample was denoted Fu-C-TiO2, Ch-C-TiO2, Sac-C-TiO2, respectively, for each 
carbon precursor. N2 adsorption-desorption isotherms, DR/UV-Vis, XRD, SEM characterization 
was performed. The photocatalytic tests were performed at 25ºC under stirring of 500 mg L-1 of 
photocatalysts in 200 mL of phenol (Ph), [5 ppm (0,053 µmol L-1) initial concentration]. A UV-
visible lamp was used. Further details has been described elsewhere [7]. Samples were 
maintained in the dark for 15 min in order to complete adsorption at equilibrium prior the 
irradiation and then the suspension was irradiated. After filtration phenol aliquots were analyzed 
using an Spectrophotometer UV-vis Shimadzu UV-1800, and the phenol concentrations were 
estimated using a standard calibration curve. Photoactivity was verified and compared against 
that on TiO2-P25 by using the first-order apparent rate-constant as the best kinetic parameter. 

RESULTS AND DISCUSSION 

Fig. 1A shows the kinetics of phenol photodegradation while the Fig. 1B shows the 
linear regression [Ln(Co/Ct) = f(t)] of the kinetic data from Fig. 1A. A summary of the 
kinetic results both of the phenol adsorbed in the dark (nads) and the first-order apparent 
rate-constants (kapp) is included in Table 1.  

Figure 1. Kinetics of Phenol photodegradation (A) on UV-visible irradiated C-TiO2 materials and 
linear regression of the kinetic data (B) from Fig 1A.  

  
 

Figure 1A seems to showed very similar kinetic trends in the photocatalytic degradation 
of phenol with the exception of ch-TiO2-C. Samples C-fur-TiO2 and TiO2-C-sac reach 
about 15% degradation of phenol after one hour of reaction, comparing with TiO2 
reaching 32% degradation of phenol at the same reaction time. However, it is 
noteworthy that the mixture of TiO2 and C derived from natural sources, showed a 
significant photoactivity with respect to bare TiO2, considering it is an easier, more 
economical and clean alternative synthesis of a photoactive catalyst. 
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Figure 1B shows the linear regression of the kinetic data from all of C-TiO2 
nanostructured materials and bare TiO2. It is possible to observe that the initial reaction 
rate of Fu-C-TiO2 and TiO2-Sac-C is very similar relative to TiO2, This fact clearly 
denotes that the participation of C is significant in the adsorption process, considering 
that TiO2 mass in this samples it is lower that when bare TiO2 (P-25) was used for the 
phenol degradation reaction. 

Table 1. Summary of Ph adsorbed in the dark (nads) and first-order apparent rate-constant (kapp) 

Sample nads (µmol)a kapp (min-1)b x10-3 

Fu-C-TiO2  0,0115 3,97 
Ch-C-TiO2 0,0038 0,68 

Sac-C-TiO2  0,0067 3,40 

TiO2-P25 0,0166 4,78 
a MB absorbed in the dark after XXX min. b kapp has been estimated from the linear regression [Ln(no/nt) = 
kapp.t] of the kinetic data from Fig. 1A. 

CONCLUSIONS 

We have obtained C-TiO2 nanostructured materials were prepared by an eco-friendly 
methodology and by using biomass´s derivative molecules. From the photocatalytic 
results, we can observe a good fotocatalytic performance for two TiO2-C materials (Fur-
TiO2-C and sac-TiO2-C), obtaining 15% of phenol degradation after 1h of reaction, both 
materials have similiar kinetic parameters relative to TiO2-P25. Therefore, it can be 
concluded that these materials can be potentially used as eco-friendly and low-cost 
photocatalysis.  
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