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Introduction 
Rice husk (RH), an agricultural waste with high silica content (ca. 13 29 wt.%), and lignocellulose 
as major hydrocarbon composition is receiving an increasing attention in the last years for its use as 
adsorbent, electrode and catalyst in various application fields1 covering wastewater treatment, 
biomedicine, energy storage in batteries, and catalysis. On the other hand photodegradation of 
pollutants under solar irradiation is a promising technology in environmental remediation. In this 
sense these hybrid materials could be interesting/promising option/candidates as catalysts for this 
purpose. Anyway SiO2-based catalysts usually present low absorption coefficient in the solar range. 
In this sense, the use of TiO2, the most widely used photocatalyst, as additive in the synthesis of 
TiO2-dopped hybrid materials is an interesting strategy to enhance the photocatalytic performance 
of the RH (SiO2)-carbon hybrids2. In this regard, the main objective of the present work is to 
prepare silica-TiO2-hybrid materials to evaluate their activity as photocatalysts for the degradation 
of recalcitrant dyes in aqueous media under simulated solar light.  
Materials and Methods 
The materials were prepared by solvothermal synthesis by mixing ca. 0.5 g of crushed and sieved 
rice husks (RH) in ethanol. The resulting solution was sealed into a glass vial inside a Teflon-lined 
autoclave and heated at 180 The resulting hybrid material was denoted as RH-Si. The 
TiO2-containing hybrid catalyst was prepared by incorporating ca. 0.5 g titanium (IV) isopropoxide 
to the RH dispersion (sample RH-Si-Ti). A reference TiO2 catalyst was synthesized (TiO2 synth) following the same procedure in the absence of RH. Calcination of the catalysts was carried out in a 

-Si-350 and RH-Si-Ti-
350. All the samples were characterized using different techniques (e.g., gas adsorption, surface 
pH ). Rhodamine B (RhB) was selected as recalcitrant dye to carry out the photocatalytic 
degradation tests, using UV-visible spectroscopy to follow the photodegradation course. For the 
photocatalytic tests, 125 mL of RhB solution and 1g L-1 load of catalyst were used. Commercial 
silica (SiO2 comm) and titania (TiO2-P25) were used for comparison purposes. Preliminary studies of 
adsorption in the dark of RhB were performed for all the catalysts, using the Langmuir and 
Freundlich models to calculate the adsorption parameters. Irradiation was provided by a solar 
simulator (250W Xe-lamp). The initial concentration of RhB was adjusted based on the dark 
adsorption tests to assure the same concentration (ca. 8.5 ppm) when the illumination was applied. 
 
Results and Discussion Table 1 compiles the first-order apparent rate-constants (kapp) obtained for the photodegradation as 
well as the adsorption parameters (dark conditions). The pristine calcined sample RH-Si-350 
showed 5 times more adsorption capacity and 3 times higher photocatalytic activity than RH-Si. In 
contrast, the non-calcined hybrid, RH-Si-Ti showed a higher apparent first-order rate constant for 
the degradation of Rh-B with 4 times higher photoactivity and 3.5 times more adsorption capacity 
than the analogous calcined one. All the catalysts not containing TiO2 showed higher activity than 
direct photolysis (negligible in our experimental conditions). The calcination significantly enhanced 
the activity of RH-Si sample. After 5 h irradiation, ca. 60% of RhB was photodegraded using 



 catalyst RH-Si-350, compared to ca. 25% for sample RH-Si. Indeed, the kapp obtained for RH-Si-
350 was ca. 3 and 17 times higher than those of RH-Si and commercial silica, respectively. This can 
be due both to the increased surface area and/or to the presence of photoactive silicate phases 
formed during the calcination. Interestingly, in contrast commercial SiO2 showed a negligible 
photocatalytic activity for the degradation of rhodamine B. 
Table 1.  First-order kinetic constants and adsorption parameters of RhB obtained applying Langmuir and 
Freundlich models. 

 nads a  kapp b 10-3 (min-1) KL c (L/g) qmaxd (mg/g) KF e (L/g) nf 
SiO2 comm 0.36 0.2 - - - - 
TiO2-P25 0.14 5.5 - - - - 

TiO2-synth 0.15 0.4 - - - - 
RH-Si 1.50 1.1 0.04 13.4 0.5 1.2 

RH-Si-350 3.33 3.4 1.43 15.7 7.5 2.4 
RH-Si-Ti 2.22 4.1 0.23 10.6 2.1 1.9 

RH-Si-Ti-350 2.40 0.5 0.78 10.2 4.3 3.0 
a mol of RhB adsorbed after  60 min in dark conditions; b first-order apparent rate-constant of photodegradation assays; c Langmuir adsorption 
constant; d maximum adsorption capacity obtained from Langmuir model; e Freundlich adsorption constant; g Freundlich heterogeneity parameter.  

The incorporation of TiO2 in the catalysts improved the degradation of the dye, although different 
trends were observed for the calcination. For RH-Si-Ti-350, about 10 % of degradation was 
achieved after 5 h of irradiation. This indicates that the new phases (likely titanium silicates) formed 
during calcination are most likely non-photoactive. In contrast, for RH-Si-Ti the degradation was 
ca. 70%, comparable to that obtained for the commercial catalyst TiO2-P25. It is important to note 
that the experiments with TiO2-P25 were performed with an equivalent amount of TiO2 than that of 
the hybrid catalysts (ca. 0.134 g L-1). Thus, it can be inferred that in terms of kapp, TiO2-P25 is only 
1.3 times more active than herein synthesized materials. Further studies about the adsorption 
capacity and surface pH among others have been carried out, and discussed in terms of 
photodegradation yields.   
 
Conclusions 
We have prepared catalysts by a simple solvothermal modification of a biomass precursor (rice 
husk) in the presence of titania. The obtained materials are mainly composed of biogenic silica, and 
most importantly, they showed photocatalytic activity comparable to that of commercial TiO2-P25 
powders for the degradation of a recalcitrant dye under simulated solar light. 
 
Acknowledgment 
Chilean projects: FONDECYT 1161068, Basal Program PFB-27 and Franco-Chilean network on biochars valorization 
BIOCval2E (REDES-170004). MCFC specially thanks the Basal Program PFB-27 for her internship fellow in Chile. 
COA thanks the financial support of the European Research Council through a ERC-Consolidator Grant (648161-
PHOROSOL).  
 References 
1. Adam, F., Appaturi, J.N., Iqbal, A. (2012) The utilization of rice husk silica as a catalyst: Review and recent 
progress. Catalysis Today 190, 2-14. 
2. Ti-containing mesoporous silica for methylene blue photodegradation. 
Appied Cataysis. A: General 393, 359-366. 


