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Abstract
Nanoparticles have wide applications in various fields due to their small size. Titanium dioxide nanoparticles are bright 
with high refractive index (n = 2.4) which makes them suitable for industry dealing with toothpaste, pharmaceuticals, 
coatings, papers, inks, plastics, food products, cosmetics and textile. Three crystalline phases of titanium dioxide, are 
anatase (tetragonal), rutile (tetragonal), and brookite (orthorhombic) in which brookite has no commercial value. Due to 
their self cleaning and antifogging property, they are used in the preparation of cloths, windows, tiles and anti-fogging 
car mirrors. Titanium dioxide nanoparticles also serve as environment sanitizing agent. Sol–gel route, flame hydrolysis, 
co-precipitation, impregnation and chemical vapor deposition like techniques are used for the synthesis of  TiO2 nanopar-
ticles. Biosynthesis of titanium dioxide nanoparticles has gained wide interest among researchers due to its cost effective, 
eco-friendly and reproducible approach. The sol–gel route remediation of the titanium dioxide from the environment is 
an important step and it can be achieved by using physical processes like sedimentation and filtration. The biosynthesis 
of titanium dioxide nanoparticles can be used in comparison to chemical synthesis. The titanium dioxide nanoparticles 
have wide applications, viz., reducing toxicity of dyes and pharmaceutical drugs; waste water treatment; reproduction 
of silkworm; space applications; food industries; etc., and so have immense industrial importance. The applications of 
nanoparticles synthesized by biological approach will be advantageous for the industries; environment and agriculture.

Keywords Sedimentation · Filtration · Antifogging · Refractive index · Titanium dioxide nanoparticles

1 Introduction

India is the reservoir of two chief minerals of titanium viz., 
Ilmenite (FeO.TiO2) and rutile  (TiO2). Titanium dioxide 
 (TiO2) exists in rutile, anatase (octahedrite) and brookite 
form. Brookite is not found in abundance, it is an altered 
product of some titanium minerals. The reservoirs of  TiO2 
in different states are shown in Table 1. The  TiO2 nanopar-
ticles have many merits viz., high specific-surface area, 
proper electronic band structure, high quantum efficiency, 
chemical innerness and stability [1]. The research is gain-
ing immense interest for the synthesis of  TiO2 on a large-
scale by biological way which will be cost-effective.

There is report on  TiO2 nanoparticles synthesized using 
microbes viz., Lactobacillus sp. and Sachharomyces cerevi-
sae which is low-cost [3, 4]; using Aspergillus flavus TFR7 [5, 
6], Chromohalobacter salexigens strain PMT-1 [7]. There is 
a report on biologically synthesized of  TiO2 nanoparticles 
using Bacillus subtilis (FJ460362) for the study of photo 
catalytic activity in controlling aquatic biofilm [8]. Nano-
particles have wide applications specially the  TiO2 particles 
viz., cosmaceutical, pharmaceutical, optical, commercial 
applications [9].

There are reports on applications of  TiO2 nanoparticles. 
Cyanide annual world production is 1.4 million tons and is 
mainly used for gold mining. But, most of the cyanide from 
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the industry enters the environment and is very toxic. 
There are various approaches to remove cyanide which is 
time consuming and costly. Photo catalytic properties of 
titanium dioxide nanoparticles helps in removal of cyanide 
from the waste water using the hydrolysis technique [10]. 
Similarly, there is a report where  TiO2-activated carbon 
composites have application in photo catalytic degrada-
tion of β-naphthol from the waste water [11]. The photo 
catalytic behavior of  TiO2 has been studied for the degra-
dation of beta-naphthol using x-ray diffraction and TEM 
[12].

There are many methods of the synthesis of  TiO2 nano-
particles viz., sol–gel technique, solvothermal, hydrother-
mal, electrochemical process, precipitation method; etc. 
But they have disadvantages e.g. sol–gel takes hours to 
days for the formation of  TiO2 nanoparticles; hydrothermal 
method is synthetic method and involves chemical reac-
tions; precipitation method involves difficulty in control of 
particle size as fast precipitation causes formation of larger 
particles. Microbial nanoparticle synthesis based method 
is eco-friendly and cheap as it get operated under mild 
conditions.

The nanotechnology is gaining immense importance 
and the researchers are focusing for the new applications 
of nanoparticles in industries; agriculture; pharmaceuti-
cals; etc. There is a need to study large scale biosynthesis 
of  TiO2 nanoparticles and their applications in unexplored 
fields.

The novelty of the review here is it mentions specifi-
cally the synthesis and applications of  TiO2 nanoparticles. 
Although, there are research papers on  TiO2 nanoparticles, 
but still more work needs to done and the review gives the 
detail idea of various applications of  TiO2 nanoparticles 
which can be the scope for further research studies on  TiO2 
nanoparticles.

With this view, the objective of the review here is to 
focus on the aspects of biosynthesis of  TiO2 nanoparti-
cles and also their utility in pharmaceutical, construction, 

textile, food industries; etc. The applications of  TiO2 nano-
particles in aerospace; solar cells and agriculture is also 
described. The review also highlights the application of 
 TiO2 nanoparticles in waste water treatment dependent 
on the photo catalytic behavior. The remediation and recy-
cling of  TiO2 is also mentioned in the review.

2  Biosynthesis of  TiO2 nanoparticles

Living systems are involved in the production of nanopar-
ticles which are more stable as compared with chemically 
synthesized nanoparticles. Nanoparticles synthesized 
using microorganisms are found to have less aggrega-
tion behavior due to presence of more repulsive forces. 
Utility of nanoparticles is mainly dependent upon its size, 
shape as well as stability. Hence, researchers focus on the 
biogenic synthesis of nanoparticles which can fulfill the 
criteria.  TiO2 nanoparticles which naturally exists in three 
different crystalline forms anatase, rutile and brookite can 
be produced using biological agent. Extensive research is 
carried on the biosynthesis of nanoparticles. Biosynthesis 
of nanoparticles is one of the growing areas in the field of 
nanotechnology. Various reports are available on the utili-
zation of bacteria, fungi, algae, plant material and enzymes 
for the biosynthesis of nanoparticles. The mechanisms 
involved in the microbial synthesis of nanoparticles are 
bio absorption, extracellular complexation or precipitation 
of metals, bioaccumulation, efflux systems, and alteration 
of solubility and toxicity via reduction or oxidation and 
lack of specific metal transport systems [13]. Negative 
electrokinetic potential, bio sorption and bio reduction 
ability of the microorganisms makes them suitable candi-
date to synthesize nanoparticles [3, 4]. There is information 
on synthesis of  TiO2 nanoparticles using fungal pathogen 
Fusarium oxysporium. Saccharomyces cerevisiae and Lacto-
bacillus sp. have been reported to produce 30 and 18 nm 
 TiO2 nanoparticles using TiO (OH)2. Energy source, pH 
and overall oxidation reduction potential were found to 
be important factors in the synthesis of  TiO2 nanoparti-
cles, while in the case of Saccharomyces cerevisiae, oxidase 
enzyme plays an important role [3, 4].  TiO2 nanoparticles 
in anatase form were synthesized using Curcuma longa 
plant extract due to its content of terpenoids, flavonoids 
and proteins [14]. Fenugreek (Trigonella foenum graecum 
(L.)) has been studied to synthesize  TiO2 nanoparticles 
with antimicrobial property [15]. There is a report on the 
synthesis of rutile  TiO2 nanoparticles using custard apple 
peel extract and precursor TiO (OH)2 [16]. The presence of 
OH group in the chemical constituents of Annona squa-
mosa was found to be responsible to dehydrate titanyl 
hydroxide to  TiO2 and stabilize the nanoparticles [16].  TiO2 
nanoparticles produced using Vigna radiata (green gram) 

Table 1  Reservoirs of  TiO2. Source: (Indian Minerals Yearbook [2]

States of India Resources of ilmen-
ite minerals (million 
tonnes)

Resources of rutile 
minerals (million 
tonnes)

Odisha 96.44 4.47
Tamil Nadu 179.02 8.00
West Bengal 2.05 0.19
Andhra Pradesh 163.05 10.25
Jharkhand/Bihar 0.73 0.01
Gujarat 2.77 0.02
Kerala 145.70 8.41
Maharashtra 3.74 23.00
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legumes showed antibacterial, antioxidant and cytotoxic-
ity activity against Mg 63 osteosarcoma cell lines [17]. Tita-
nium dioxide nanoparticles due to Lactobacillus crispatus 
has been found to reduce biofilm formation; hemolysin 
and also urease which are responsible to develop multid-
rug resistance ability in the pathogens [18]. Electrostatic 
interaction between Lactobacillus sp. and metal clusters 
are responsible for the metal nanoparticles synthesis [19]. 
The production of anatase  TiO2 nanoparticles mediated by 
Bacillus subtilis has been studied [20].

Guava (Psidium guajava) leaf extract mediated  TiO2 nan-
oparticles showed antioxidant and antimicrobial activities 
[21]. Guava leaf extract contains alcohol, primary and aro-
matic amines which assists in the synthesis of  TiO2 nano-
particles [21].  TiO2 nanoparticles made by using Aspergillus 
flavus TFR7 and bulk  TiO2, was used as foliar spray (10 mg/l) 

on mung bean (Vigna radiata L.). This fungal mediated 
 TiO2 found to enhance the vigor index of mung bean [5, 
6]. Fungi secrete capping proteins which play the role of 
encapsulation of nanoparticles while associated proteins 
contributes in the mineralization of precursor salt [22, 23]. 
Aspergillus niger and Aspergillus tubingensis TFR-5 have 
also been reported to have the capability to produce  TiO2 
nanoparticles [24, 25].

3  Application of titanium dioxide 
nanoparticles

The applications of titanium dioxide nanoparticles are 
shown in Fig. 1.

Fig. 1  Applications of  TiO2 nanoparticles
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3.1  Industrial applications of titanium dioxide 
nanoparticles

TiO2 nanoparticles have wide applications in industry; 
some of them are given in Table 2.

3.2  Role of  TiO2 nanoparticles in reducing toxicity 
of dyes and pharmaceutical drugs

TiO2 work as a nanocatalyst in the degradation of methyl 
orange dye.  TiO2 nanoparticles synthesized using Citrus 
paradisi peel extract exhibited 72% degradation of methyl 
orange using sunlight [37]. Antiseptic commonly used 
in pharmaceutical industry chlorhexidine digluconate 
(CHD) affects aquatic environment by inducing resistance 
in microorganisms and also affects human health. Using 
optimum conditions of UV light intensity of 50 μW cm−2, 
pH 10.5, 2.5:1 of substrate-to-catalyst ratio 68.2% degra-
dation of chlorhexidine digluconate (CHD) was achieved 
using titanium dioxide as a photo catalyst. In future, it is 
possible to reduce the toxic effects of waste water gener-
ated from pharmaceutical industry [38]. Researchers tried 
nanocomposites for the removal of antibiotics from the 
environment. G-TiO2 composites were found to have 97% 
removal efficiency of levofloxacin (for 1 mg/l) using 300 W 
UV power and 45 min irradiation time [39]. Use of  TiO2 as a 
sorbent is limited due to its low surface area which is able 
to remove contaminants in low concentration. To reduce 
its agglomeration ability and to increase its surface area 
along with photo catalytic activity,  TiO2 has been sup-
ported on zeolite, alumina, activated carbon and stainless 
steel. Composites of  TiO2 with coconut shell powder were 
prepared using sol–gel method with heat treatment. These 
composites were reported to remove 98% carbamazepine, 
antiepileptic drug which is an important organic pollutant 
[40].

TiO2 nanoparticles can be used for the photo degrada-
tion of toxic dyes and other pharmaceutical drugs, thus 
avoid harmful effects on environment.

3.3  TiO2 nanoparticles in the reproduction of silk 
worm

It has been reported that low concentrations of  TiO2 nano-
particles shows significant changes in the reproduction 
rate of Bombyx mori. There is a report where feeding Bom-
byx mori with  TiO2 nanoparticles resulted in a rapid devel-
opment of sex organs and up regulation of reproduction-
related genes [41]. After feeding of Bombyx mori average 
increase was found to be 51 eggs/insect and 0.34 × 10−4 
g/egg [41].

Reproduction efficiency of silkworm can be increased 
by mixing low concentration of  TiO2 nanoparticles in their 
feed.

3.4  Waste water treatment

Low cost, resistance to corrosion and overall stability 
makes  TiO2 nanoparticles suitable for the waste water 
treatment [42]. Remediation of surface water can be 
achieved using  TiO2 nanoparticles as solid phase extrac-
tion (SPE) packing material to preconcentrate and extrac-
tion of heavy metals from water [43]. Ultraviolet light and 
titanium dioxide  (TiO2) nanoparticles doped with iron 
showed 98.58% diazinon removal efficiency, diazinon is 
one of organophosphate pesticides which it is classified as 
a relatively dangerous substance (Class II by World Health 
Organization), found in ground water [44]. Decolorization 
of waste water is the primary treatment considered in 
waste water treatment. Dyes like Rhodamine B, methylene 
blue and malachite green are primary dyes found in the 
effluent. Dye Rhodamine B is found to degrade up to 95% 
due to hybrid system combining UV/TiO2 nanoparticles 
and polyvinylidene fluoride (PVDF) membrane [45].

TiO2 nanoparticles play important role in the removal 
of the xenobiotic compounds like pesticides; dyes; toxic 
compounds from the waste water, thus having wide appli-
cation in waste water treatment.

3.5  Role of  TiO2 nanoparticles in agriculture

According to the report given by Chao and Choi,  TiO2 
nanoparticles increases the photosynthetic rate, immu-
nity of the plant which results in 30% increase in the crop 
yield [46]. Increased photosynthetic rate was observed 
in spinach [47]. Zea mays sprayed with nano  TiO2 in the 
reproductive stages of the crop was found to have more 
pigmentation [48] which is responsible to increase crop 
yield [49].  TiO2 nanoparticles can be applied either as soil 

Table 2  Industrial applications of  TiO2 nanoparticles

Uses of  TiO2 nanoparticles References

Cosmetics [26, 27]
Dye sensitized solar cells [28]
Paper, plastic and rubber industry [29]
Food additive [30]
Construction material [31]
Coating to building [32]
Pigment [33]
Medical devices [34]
Gas sensing [35]
Sunscreens [36]
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amendment or foliar spray. The nanoparticles get bio dis-
tributed through the vascular network. Distribution of 
nanoparticles is varying among crops. In case of tomato 
plants, application of  TiO2 nanoparticles in aerosol format 
was found to be more effective to increase photosynthesis 
and lycopene content as compared with  TiO2 nanoparti-
cles as soil amendment [5, 6].

TiO2 nanoparticles can be used to speed the photo-
synthetic rate of various crops and also enhance the crop 
yield.

3.5.1  Use of  TiO2 nanoparticles in nanomedicine

TiO2 nanoparticles are used in nanotherapeutics [50]; pho-
todynamic therapy (PDT) [51] and for articulating pros-
thetic implants [52].  TiO2 nanoparticles are also used in 
cosmetics and in treatment of hyper pigmented skin and 
other nondermatologic diseases [53].

TiO2 nanoparticles due to their special physical proper-
ties have useful applications in nanomedicine.

3.6  In purification of air

Titanium dioxide  (TiO2) photo catalyst could oxidize and 
mineralize compounds in the vapor or liquid phase. Hence, 
researchers created various filters to get rid of the indoor 
pollutants. Cigarette smoke (principal indoor air pollutant) 
can be removed by  TiO2-impregnated titanium mesh fil-
ter (TMiP) by electrochemical anodization of the titanium 
mesh, and dip coating into  TiO2 anatase solution. This fil-
ters can remove volatile and nonvolatile compounds of 
cigarette smoke like ammonium, nicotine, 3-ethenylpyri-
dine and tar [54].  TiO2 has been employed in Japan as pho-
tochemical deodorizer [55]. When  TiO2 nanoparticles are 
stimulated by sunlight, they convert the pollutants and 
oxides to environmental less toxic products like carbon 
dioxide and calcium nitrate. Volatile organic compounds 
(VOC) pose various adverse effects on the health. Toluene 
is one of the VOC which can be decomposed by coating 
activated carbon with  TiO2 [56].

The oxidation of indoor air pollutants by  TiO2 nanoparti-
cles helps in the purification of air, which is very important 
for all the living beings.

3.7  Use of photo catalytic nano  TiO2 for photo 
catalyst coating

A film of photo catalytic titanium dioxide is a super oxi-
dative, hydrophilic and antistatic material used for self-
cleaning of buildings. The film also oxidizes the hydrocar-
bon emitted as automotive exhaust and rain water washes 
the dirt and helps the building exterior to remain clean. 
Nano  TiO2 photo catalyst coating will act as an invisible 

film and can be applied on ceiling, floor carpets, curtains, 
car interior, toilet seats etc. Due to this nano  TiO2 film, the 
microorganisms can be removed.  TiO2 nanoparticles are 
used in the anti-fogging car mirrors [57].

The photocatalytic film of  TiO2 can help to keep the 
buildings clean.

3.8  TiO2 nanoparticles in treatment 
of osteosarcoma and chonrosarcoma

Osteosarcoma and chondrosarcoma are malignant bone 
tumors found in patients of all ages. Surgical amputation 
of the malignant lesion is generally carried out. Recently, it 
has been shown that  TiO2 nanoparticles kill HeLa cells via 
photo catalysis in vitro [58]. This indicates the  TiO2 nano-
particles induces cytotoxicity to bone tumor cells which 
will be helpful in minimization of the recurrence of osteo-
sarcoma and chondrosarcoma.

The  TiO2 nanoparticles can be used to treat the bone 
tumors, thus having application in the medical field.

3.9  For dye‑sensitized solar cells

TiO2 nanoparticles have applications as semiconductor 
for dye-sensitized solar cells because it is non-toxic, easily 
available and cheap [59].

TiO2 nanoparticles have photovoltaic effect and there-
fore used in solar cells.

3.10  TiO2 in food products

Food products containing  TiO2 include white-colored 
sauces, confectioneries nondairy creamers and cheese. In 
foods, it restores whiteness of creamy products (e.g. salad 
dressings) and in confectionery; it forms a blockade for 
colors (e.g. soft-centered sweets with a crisp shell). India 
sets the limit on the use of  TiO2 nanoparticles up to 1% 
(w/w) in chewing gum and 0.01% (w/w) in beverages 
(Food Safety and Standards India [60].

TiO2 nanoparticles has applications in food industries.

3.11  Remediation of nanoparticles

TiO2 nanoparticles have the potential to work as tracer of 
nanoparticles of similar size and aggregate  likeTiO2 [61].

4  Maintenance of historical architecture

Various historically important forts and monuments get 
dirty over the period of time. Maintenance of cultural 
heritage from getting dirty is the primary requisite. 
Strategies applied for the consolidation of restoration 
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materials include application of alkaline earth metal 
hydroxide nanoparticles or nanostructured  SiO2,  Al2O3, 
 TiO2 in low and high molecular weight matrices [62, 
63]. Self cleaning, depolluting and biocide activity of 
titania makes them suitable to use in the construction 
or maintenance of stone surfaces [64]. Photo catalytic 
activity of  TiO2 nanoparticles can exist in the presence 
of UV light to modify these  TiO2 nanoparticles to retain 
anatase form and photo catalytic potential in the pres-
ence of sunlight also. To retain the potential of  TiO2 nan-
oparticles, various approaches like synthesis of  TiO2 in 
benzyl alcohol, water and ethylene glycol dispersions of 
benzyl-capped anatase nanoparticles have been studied 
for the retention of photocatalytic activity in presence 
of sunlight [65]. Spray coating of  TiO2 nanoparticles as 
colloidal suspension on travertine limestone found to be 
effective to maintain the stone surface [64]. Water and 
ethylene glycol dispersions of benzyl-capped anatase 
nanoparticles of  TiO2 were applied onto Noto stone and 
Carrara marble specimens found to retain photo catalytic 
activity [65].

The photo catalytic potential of  TiO2 nanoparticles 
is very important for the maintenance of historical 
monuments.

4.1  Titanium for aerospace industry

The application of titanium alloys in the aerospace sec-
tor includes airframe, engine, helicopter, and space 
applications. Light weight, high strength, compatibility 
with CFRP and external corrosion resistance of titanium 
and its alloys enables them to be used in aircraft [66]. 
Broad research has been carried out on the preparation 
of titanium alloys like, Ti–6Al–4V at low cost and its use 
in aerospace industry. Titanium alloys have an excellent 
strength-to-weight ratio.

TiO2 nanoparticles has application in the making of air-
craft and aircraft engines.

4.2  Toxic effects of  TiO2 on human

Information is available on the toxic effects of  TiO2 on 
human as they can bio concentrate, bio accumulate, and 
bio magnify in the tissues of mammals and other ver-
tebrates [67]. Microparticles of  TiO2 get accumulated in 
macrophages of human gut-associated lymphoid tissue 
[68]. There is a report on the in silico study of  TiO2 spheri-
cal nanoparticles using twenty standard amino acids in 
aqueous solution [69]. Basic amino acids tend to have 
direct interaction with  TiO2, while acidic amino acids have 
indirect interaction with  TiO2 spherical nanoparticles [69].

4.3  Toxic effects of  TiO2 on ecosystem

Wide use of  TiO2 nanoparticles in personal care products 
viz., shaving creams (< 0.01  μg/mg), toothpastes and 
sunscreens (1% to > 10% titanium by weight), foods and 
household products leads to its release through human 
excreta, washed off of surfaces, or disposed of to sew-
age that enters wastewater treatment plants and in bio 
solids which will be further applied to soil as fertilizer. As 
per report on WWTP, raw sewage contained 100 to nearly 
3000 μg Ti/l [61]. Treated effluent was found to contain 
 TiO2 particles with 4 and 30 nm particle size [30]. After 
waste water treatment, effluent was found to contain from 
less than 5 µg up to 15 µg of nano-TiO2/l [61]. Presence 
of  TiO2 nanoparticles into the environment affects phyto-
plankton and coastal ecosystems that support fishing and 
recreational activities. Algae are primarily used as biologi-
cal marker in aquatic system to study biological toxicity 
of pollutants.  TiO2 nanoparticles inhibit algae by causing 
membrane structure deformation due to increased lipid 
peroxidation [70].  TiO2 nanoparticles exhibit more cellular 
toxicity in anatase due to increased amount of intracellu-
lar reactive oxygen species (ROS) [71]. The nano bio inter-
facial interaction of anatase  TiO2-NPs with EPS of algae 
showed higher algal toxicity than that of rutile  TiO2-NPs 
[71]. Growth rate of freshwater green algae predominant 
in North America viz., Scenedesmus quadricauda, Chla-
mydomonas moewusii and Chlorella vulgaris, was found to 
be inhibited due to the presence of  TiO2 nanoparticles in 
freshwater microcosms [72]. Combination of anatase and 
rutile showed more toxicity and antagonistic effect on 
freshwater algae Chlorella [73].

4.4  Recycling of  TiO2

Disposal of sludge is very important to avoid its sequen-
tial effects. Land filling is one of the methods which are 
primarily used. But leaching of the heavy metals into the 
environment limits its use. Another alternative to land fill-
ing is restoration or recycling of the sludge. It is possible 
to prepare  TiO2 nanoparticles using sludge. Treatment of 
the sludge with coagulant  TiCl4 and aiding chemicals like 
 Al2(SO4)3,  FeCl3 and Ca(OH)2, resulting flocculated sludge 
after incineration at 600 °C yield  TiO2 doped with Fe, Al 
and Ca [74].

5  Conclusion

Broad spectrum use of titanium dioxide nanoparticles has 
gained attention among researchers. Extensive research 
is ongoing on the chemical and biological synthesis of 
nanoparticles. Rutile  TiO2 pigment is generally preferred 
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for the materials which is exposed to outdoor conditions 
like paints, plastics and inks due to its high resistance to UV 
light. Anatase  TiO2 pigment is the choice for paper, ceram-
ics, rubber and fibers manufacturing industries due to its 
less abrasive power [75]. Biogenic synthesis is the method 
of choice due to its cost effectiveness, reproducibility and 
less time requirement. Microorganisms and plant extracts 
are used for the biosynthesis of  TiO2 nanoparticles. Com-
pared to microorganisms, plant extracts are more feasible 
to use for nanoparticles synthesis due to less requirement 
of aseptic conditions [21]. Plants contain flavonoids, cit-
ric acid, ascorbic acids, reductases, dehydrogenase and 
external electron shuttlers which makes them suitable 
for the nanoparticles synthesis [76]. Biogenic synthesis of 
nanoparticles requires alcohol, amines, enzymes and pro-
teins for the stabilization and reduction of precursor salts. 
Titanium can be applied as foliar spray and found to have 
significant effect on growth, photosynthesis rate and car-
bohydrate synthesis [5, 6].  TiO2 can sustain in the environ-
ment for long period and its antimicrobial activity makes 
them strong disinfectant which will be 3 times stronger 
than chlorine, and 1.5 times stronger than ozone. Air puri-
fiers containing  TiO2 avoid smoke, pollen, virus, bacteria 
and harmful gas and grab the free bacteria present in the 
air by filtering percentage of 99.9% due to the highly oxi-
dizing effect of photo catalyst  (TiO2). Protection of lamp 
houses, walls in tunneling and white tents from becoming 
sooty and dark, can be achieved due to the self-cleaning 
and high photo catalytic potential of  TiO2.
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