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Overview

• Several historical events, 1972 to present
• Some science and interesting research results
• Some product photos
• Demonstration experiments
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Splitting water with light

• A. Fujishima, K. 
Honda, Nature
(1972)

• TiO2 crystal 
produces O2

• Pt counter 
electrode 
produces H2
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Natural UV too diffuse for energy 
production, cleanup of intense pollution
(1990, TOTO, Inc. & Japanese researchers)

• Sunlight a diffuse 
resource

• UV is only 3 – 5 % of 
solar energy

• Even efficient 
processes not 
practical

• Strategy: small 
amounts of 
compounds adsorbed 
on TiO2 surfaces can 
easily be 
decomposed, even in 
the shade
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1995 serendipitous discovery of 
superhydrophilic effect by TOTO, Inc.

• Water wets TiO2
surface; forms 
sheets, not droplets

• Distinct 
phenomenon from 
photocatalytic
oxidation of 
organics
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Hydrophilic mirror
reflects clear images
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Current emphasis in Japan

• TiO2 photocatalysis in 
transition from 
research and 
development into the 
marketplace

• Committee work on 
performance 
standards

• Search for 
modifications of 
anatase TiO2 that
– May be more effective
– May utilize some of the 

visible spectrum
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Hydroxyl radicals are key

• Water is on TiO2
surface (r.h. > 0)

• H2O H+ + OH-

• UV photon e- + h+

• OH- + h+ OH•

• OH• has seven 
valence electrons 
and “wants” another; 
hence a strong 
oxidizer
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PCO of NO
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High reaction rates with OH
suggest compounds that are

readily photo-oxidized
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Sunada et al., 2003:
Quantum efficiencies > 25%

• Propanol oxidizes to 
acetone

• In low light each 
photon has a 30% 
chance to make an 
acetone molecule

• At 1 ppmv, photons 
are used less 
efficiently

•
•

•
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Benzene oxidation 
(Einaga et al., 1999)

• Air must have moisture 
(to supply hydroxyl 
radicals, which are 
consumed)

• Products are 93% CO2, 
7% CO

• After a few hours of 80 
ppm benzene, catalyst 
turns light brown

• Further photo-
oxidation w/o 
benzene turns the 
catalyst white again

• Yield of CO can be 
reduced by adding 
some Pt to the 
catalyst
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NOx concentration vs. time
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NOx removal vs. UV intensity
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NOx removal rates
for different materials

• Efficient removal 
for low NO 
concentrations

• Comparable 
results for 
differing 
materials
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Photocatalytic oxidation of soot
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Products in Japan (2005)
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Market share in Japan
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Transparent stain-proof film
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Self-cleaning aluminum siding
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Active PCO filters,
aided by activated carbon
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Evaluation system uses
fading of methylene blue dye
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Self-cleaning tiles by TOTO, Inc.
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Self-cleaning tiles

• On 5,000 buildings in 
Japan in year 2003

• Buildings normally 
cleaned every 5 years

• New tiles: projection 
of cleaning after 20 
years

• Self-cleaning tiles 
also decompose NOx
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Self-cleaning tarpaulin
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Self-cleaning tent
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Self-cleaning cars
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PVDF surfaces w/o PCO stay 
clean in Florida for many years
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Roadway demonstrations
in Japan (i)

• 1997 collaboration of 
six companies in 
Osaka

• Some deployed 
materials could 
maintain initial NOx
purification 
performance

(20 m3 of air per hour 
per m2)
after 12 months

• After further 
improvement a 
practical construction 
material appeared 
feasible
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Roadway demonstrations
in Japan (ii)

• Next, Osaka 
Prefecture installed 
new soundproof 
barrier using a 
photocatalyst

• 500m of roadway,
2m high, both sides 
of road

• Daily NOx removal rate 
0.5 to 1.5 mmol/m2 (15 
to 45 mg/m2)

• Very little performance 
degradation over two 
years

• Surface remains clean 
even though it is porous
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Roadway demonstrations
in Japan (iii)

• Last year (2006) Fujita, 
Fujita Road, Taiheiyo 
Cement and Ishihara 
Sangyo/ Ishihara 
Techno announced 
installation tests of a 
“Photo Road 
Construction Method”

• Large areas are needed 
to demonstrate 
performance

• To clarify air cleaning 
performance of large-
scale tests, numerical 
simulations of air flow 
are needed
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