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ABSTRACT 

 
Photocatalysis is a rapidly developing field in environmental engineering. Photocatalyst is activated by 

electromagnetic waves from UV-VIS range of spectrum and is used in concrete construction for degradation of 
some volatile organic compounds (VOCs) and nasty smells removal. Different methods are used for improving 
the air quality; photocatalysis is an advanced oxidizing process that could be a promising solution of it. Using 
different techniques, new materials were developed by scientists, proving a real interest for these new 
environmental friendly technologies. The objective of the study was the understanding of the LiNbO3-
photocatalysis phenomena including gaseous and adsorbed phase mechanisms for the improvement of air 
quality. 
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Introduction 

 
People generally spend more than 80% of their time in indoor environment. The quality of indoor air has a 

direct impact on human health in terms of lengthened exposure to pollutants by inhalation (Juan Zhao et al., 
2003). Photocatalysis could be a promising solution of it. Initially photocatalysis processes were developed in 
direction of applications for water treatment, to degrade some specific pollutants or dyes (M.M. Ballari et al., 
2010). During the last decade, appear new directions, as far as concern air depollution, because photocatalytic 
processes were able to oxidize most of common VOCs (volatile organic compounds). 

This study presents a new photocatalytic material LiNbO3 which have to work not only in UV but also in 
visible range of electromagnetic spectrum. Photocatalytic materials for indoor air purification are in urgent 
demand because energy and labour saving advantages have been realized when applied to building construction 
materials in large cities where urban air pollution is very serious (H. Wang et al., 2008.). These new 
photocatalyst have to be able to oxidize different types of organic and/or inorganic molecules and diminishing 
the non-desiderated co-products from occurring reactions. The objective of the study was the understanding of 
the photocatalysis phenomena of different photocatalyst. Results obtained with three different photocatalyst 
were compared;  

 
Theoretical approach: 

 
Photocatalytical reactions occur at the interface between catalyst and reaction medium in condition of 

irradiation with waves with electromagnetic field from UV and Visible range of the spectrum. Photocatalysts are 
semiconductor with a band gap between 1.4 and 3.8 eV( S. S. Shinde et al., 2011). Incident photons having 
energy more than the band gap energy are absorbed and as a fact, electrons jump from Valence Band in 
Conduction Band, and subsequently appear pairs of electron-hole particles (Ranjit K. Nath et al., 2012). This 
pairs of particles exhibit oxidative and reductive properties, promoting Redox reactions. 
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Fig. 1:  Promotion  of  an  electron  from  the  valence band  to  the conductance  band  on  illumination  of  a   
             semiconductor photocatalyst. 

 
The process follows few steps as described below: 
 
1. Semiconductors’ photo-excitation with electromagnetic energy equal or higher then gap energy; 
2. Generation of the electron-hole pairs; 
3. Separation of electrons and holes, the rate of the process necessarily to be higher than the rate of the 

inverse process, although the photocatalyst is deactivated; 
4. Adsorption of the pollutants on the catalyst surface; 
5. Redox reactions on the photocatalyst surface occurring between electrons, gaps and molecules; the 

processes of this stage are determinants for final products formation; 
6. Desorption of the products from the catalyst surface. 
 
The efficiency of photocatalysis is closed by the rate of use of electromagnetic energy and by reduction of 

the percent of recombination processes (Juan Zhao et al., 2003). The type, the structure and the morphology of 
the photocatalyst are very important properties determining the degradation of organic pollutants, destruction of 
bacteria and viruses, decomposition of dyes or synthesis of some compounds. 

 

 
 
Fig. 2: Photocatalysis process 

 
The processes occurring at LiNbO3 surface could be briefly described by following equations: 
  -   absorption of efficient photons by titania (h ν  ≥ Ebg = 3.78 eV)   
 

LiNbO3+ h ν → e-
cb + h+

vb                           (1)   
 
-   formation of superoxide radical anion  
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O2 + e-
cb → O2.-                                                               (2)   

 
-   neutralization of OH-group into  .OH by the hole   
 

(H2O ⇔ H++ OH-)ads  + hvb
+  → • OH + H+                                                                                                                                                                    (3) 

 
It has been suggested that the hydroxyl radical (•OH) and superoxide radical anions (O2

•- ) are the primary 
oxidizing species in the photocatalytic oxidation processes. These oxidative reactions would results in the 
degradation of the pollutants as shown in the following equations 4-5;  

  
-   oxidation of the organic pollutants via successive attack by  OH radicals   
 

R + •OH  → R’• + H2O                                                                                                                                          (4) 
 
-   or by direct reaction with holes   
 
R + h+ → R•+ → degradation products                                                                                                           (5) 
 
- Degradation of different adsorbed substances, like volatile organic compounds, nitrogen oxides, bacteria, 

dyes, etc. 
 

Recent studies in air depollution and VOC’s removal using different photocatalyst: 
 
We mention general studies about photocatalysis and applications in air depollution from publications 

covering recent years. 
B. Ohtani (2010) pointed to what we know and what we don’t know in present about photocatalysis .  It is a 

comprehensive study for documentation, a help for researchers. 
J. M. Herrmann (2010) realized a study about fundamentals and misconceptions regarding photocatalysis, a 

very useful material which points to some important theoretical and practical aspects of the processes. 
M. Hunger et al. (2010) presented a comprehensive study about photocatalytic degradation of air pollutants. 

NO was used for degradation rate measurements. Also it was described in brief an upcoming project in a Dutch 
city. This idea is applicable in next future and could help cities to be more comfortable. 

The development of photocatalysis processes offers a significant number of perspectives especially in 
gaseous phase depollution (Ranjit K. Nath et al., 2012). It is proved that the photo-oxidizing properties of 
photocatalyst activated by UV plays an important role in the degradation of volatile organic compounds (VOC). 
Heterogeneous photocatalysis is based on the absorption of UV radiations by the photocatalyst. This 
phenomenon leads to the degradation and the oxidation of the compounds, according to a mechanism that 
associates the pollutant’s adsorption on the photocatalyst and radical degradation reactions.  

Regarding VOCs (Volatile Organic Compounds) degradation, nasty smells removal and some recent studies 
on different photocatalyst are briefly pointed as follow.  

M.M. Ballari et al. (2010) focused their work on NO and NO2 degradation by photocatalytically active 
concrete . The application of photocatalytic concrete containing TiO2 in urban streets is a method to improve the 
air quality in highly polluted areas. By using this technology it is possible to degrade a wide range of air 
contaminants, like nitric oxide (NO) and nitrogen dioxide (NO2), mainly emitted by automobiles. In their work 
paper, the photocatalytic degradation of NO and NO2 was experimentally studied, and the atmospheric reactions 
involving nitrogen oxides and solar radiation were analyzed as well. In addition, the influence of different 
system parameters, such as inlet pollutant concentration, relative humidity, and irradiance was investigated in 
detail. 

The study performed by J. Chen and C.S. Poon (2008) pointed to photocatalytic activity of TiO2 in 
modified concrete materials and the influence of glass cullets used as aggregates. NO degradation was the 
measure of photoactivity. The glass cullets enhanced the photocatalytic activity of concrete, but a loss of 20% in 
photoactivity of surface layers was observed after 56 days curing. Another study of the same authors focused on 
fundamentals and applications of photocatalytic construction and building materials (J. Chen et al., 2009). 

H. Huang et al., (2009) studied oxidation of gas-phase toluene in a combination process of photocatalysis 
downstream the non-thermal plasma reactor. They investigated multiple synergies of O3/UV/TiO2 system. A 
good conversion rate for toluene was achieved. 

D. Kibanova et al., (2009) studied the synthesis and photocatalytic activity of small-sized TiO2 supported 
on hectorite and kaolinite. Photocatalytic performance of these new composites was evaluated with ATR-FTIR 
following the oxidation of adsorbed toluene and D-limonene, two air pollutants. In either case, the 
photocatalytic removal was a success. 
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H. Wang et al., (2009) analyzed TiO2 photocatalysis in a pulsed discharge system for phenol degradation. 
The photocatalyst prepared with eight times dipping process proved a higher photocatalytic activity than other 
tested photocatalysts. Also H. Wang et al. (2008) followed enhanced generation of oxidative species for phenol 
degradation in a discharge plasma system coupled with TiO2 photocatalysis. 

Photocatalysis of gas-phase toluene using TiO2/SiO2 composites was studied by C. Akly et al. (2010). The 
performances provided by this novel catalyst are suitable for large-scale applications.  

A. Strini et al. (2010) studied toluene degradation in air using ZnO as a cementitious material with 
photocatalytic properties, in low irradiance UV. There was used a stirred flow reactor. Four pollutants were 
tested. They discovered a non-linear behavior of photoactivity at low irradiance. 

C. Aguia et al. (2010) performed a study regarding the influence of photocatalytic paint components against 
the photooxidation of NO capability. A high quality vinyl paint was used, modified with ZnO Degussa P25. It 
was concluded that the paint matrix plays an important role on the photocatalytic activity, because ZnO absorbs 
UV light in competition with other components; extenders, such as CaCO3  impair photoactivity, more in the 
case water is involved in mixing the paint components; also organic components affect the performance of paint 
during a transient time of 100-250 h. 

M. Faure et al. (2008) compared different types of reactors used for air treatment. They studied 
decomposition of different VOCs (Volatile Organic Compounds) in diverse conditions (like gas transit time 
through reactor, relative humidity, temperature). The aim of the study was to systematize the necessaries data 
for proper design of photoreaction systems. 

Benoit Boulinguiez et al. (2008) studied photocatalytic degradation of ammonia and butyric acid in a plug- 
flow reactor and they moderated degradation kinetic with contribution of mass transfer. Those substances were 
chosen because they are air pollutants and odorous contaminants. They found that chemical degradation kinetics 
follows the Langmuir–Hinshelwood model. 

Reduction of nasty smells through photocatalytic oxidation was studied by G. Vincent et al. (2007). They 
successfully performed degradation of 2- butanone and methyl-ethyl-ketone (MEK), two VOCs which could 
cause olfactory discomfort. Acetaldehyde results as by- product in both cases. 

H.H. Ou et al. (2007) studied phocatalysis of gaseous trichloroethylene (TCE) and the effect of oxygen and 
relative humidity on the generation of dichloroacetyl chloride and phosgene. 

F. Thevenet et al. (2007) studied oxidation of acetylene by photocatalysis coupled with dielectric barrier 
discharge. VOCs removal from air requires oxidative processes. A special reactor has been designed and 
interactions between photocatalysis and non-thermal plasma were investigated. Acetylene has been selected as 
model molecule in order to evaluate oxidation efficiency. 

Removal of VOCs by photocatalysis process using adsorption enhanced Fe2O3-SiO2 catalyst was the 
interest of L. Zou et al. (2006). VOCs exist in both the indoor and outdoor environment. Some of them are toxic 
and carcinogenic to human health. In the experiment toluene was used like VOC indicator. The catalyst was 
synthesized using a sol-gel technique. Toluene was successfully removed from air but there were detected some 
suspected intermediates or aliphatic hydrocarbons and CO, too. 

The preparation of porous nano- Fe2O3 with high activity and the discussion of the cooperation 
photocatalysis mechanism were performed by Y. Jiang et al. (2006). A new preparation method was used. The 
researchers proved relations between the crystalloid and the size of Fe2O3  nanograins, depending also by the 
technical conditions in which the process occurred. 

M. Mohseni (2005) studied gas phase trichloroethylene (TCE) photooxidation through TiO2 photocatalysis. 
Even TCE oxidation was successfully achieved; small quantities of phosgene and dichloroacetyle chloride 
(DCAC) were produced as by-products. 

 

 
Fig. 3: Band positions of LiNbO3 and TiO2 versus NHE in relation to the redox reactions (M. Stock et al.,   
            2011.).  
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Up to now, the  majority  of  work  in  this  field  has  involved  the use  of  TiO2 in this purpose. This 
material  has  a  band  gap  energy  of 3.2 eV and  therefore  absorbs  in  the  near  Ultraviolet light  (~380nm).  
In 2011, Matt Stock and Steve Dunn found that LiNbO3 produced more products under UV and visible 
irradiation than TiO2 despite its wider band gap (3.78 eV). The surprisingly high yield product using LiNbO3 is 
explained by its strong remnant polarization (70μc/cm2), which not found in TiO2. The remnant polarization 
facilitates improved carrier life times as well as allowing lower energy injection of charge carriers, which 
enhancement the LiNbO3’s efficiency (M. Stock et al., 2011). Regarding these matter, we propose LiNbO3 as a 
new photocatalytic material in concrete construction for improving air quality. 
 
Conclusions: 

 
Photocatalysis offers new perspectives in many fields of technology and industry. It is a clean and 

environmental friendly process. There were developed procedures for purifying water and for dyes degradation. 
Now air depollution is the new trend of researches in the domain of applications of photocatalysis. Some 
pollutants, like nitrogen oxides and volatile organic compounds were successfully degraded by photochemical 
methods. The achievement results could promote new commercial applications. 
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