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1. Introduction

Carbon Monoxide (CC

Nitrogen Oxides (No, )

Sulfur Dioxide (SO, )

Ozone (Oy)

World Health Organization (WHO) research underlined t
pollution is responsible for 100.000 deaths each year in th
European area
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3. Titanium Dioxide

est tool for achieving depollution is a
OCATALYST
antum dioxide (T1O2), a white pigment, is the
primary catalytic ingredient

Crystalline structure RUTILE Crystalline structure ANATASE

Many variables influence this ability, especially the grains dimens
the presence of impurities. TiO, normally used has nanoparti

great specific surface (area to volume ratio) and diameter inferior
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d air purification

3. Titanium Dioxide dical use

pigments in foodstuffs, paints, ceramics,
pharmacology

* as a corrosion resistant coating, self-cleaning coating
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electronic devices and as gas sensor



4. Photocatalytic
Process

PHOTO
CATALYST

The result is a reduction of pollutants concentrations in the atn
(VOC, NOx, SOx)
The pollution reduction is proportional to the extent of the p
surface, treated with titanium dioxide, exposed to sunlig




4. Photocatalytic
Process
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TiO3 TlOz < S : TIQZ
titanium titanium < 3 bt 7 titanium
dioxide dioxide dioxide




5. Italian
Applications

Fall Hion
It

POLLUTION DISTRIBUTION UNDER THE EFFECT
OF WIND AND TRAFFIC
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5. Italian . FOR I-

Applications




ouarantee the adhesion between wheels and pavemet

6. Photocatalytic SafetY)

Road Pavements:

maintain the functional and mechanical characteristics
original pavements (for example: permeability, colour and b

capacity)

REQUIREMENTS

* No direct contact between photocatalyst (titanium dioxide) anc

binder (bitumen) because the photocatalyst causes an accelerate
oxidation of the bitumen which is an organic binder

* An inorganic sublayer between bitumen and TiOZ2 1s require



6. Photo
Road

tocatalytic .
B Blocks Photocatalytic cement

Photocatalytic pavements combining
vements blocks pavements asphalt and cement mortars

hotocatalytic
Pavements

ombining
Asphalt and
ement Mortars

Bituminous

avement Sprayed
ith

otocatalyitic
t/Resin

ting Protocol &
ratory Test

sion

Bituminous pavement sprayed with
photocatalytic pollutants/emulsions




6. Photocatalytic e % R
Road Pavements: 4

* Photocatalytic
Cement Blocks

Pavements

PHOTOCATALYTIC CEMENT
BLOCK

High Porous Photocatalytic Lay

Lower Cement Layer



Roundabout — Palazzolo

sul’Oglio (BS)

* Photocatalytic
Pavements
Combining
Asphalt and
Cement Mortars

* Bituminous
Pavement Sprayed

with : ; f‘;\;'

Photocatalyitic _ =3 =3

Paint/Resin Sl N e e~
T e o

Testing Protocol & Sl =\ N\ TN

ZONE 30 — Cornaredo (MI)

Via Borgo Palazzo (BG)




6. Photocatalytic
Road Pavements:

* Photocatalytic
Pavements
Combining
Asphalt and
Cement Mottars

Penetration (25°C)
Softening point
Fraass test

Dynamical viscosity (160°C, y=100 s-1)

After Rolling Thin Film Oven Tests
Residual Penetration (25°C)

Softening point increase

46-54 °C EN 1427:1999
EN 13702.2:1999

prEN 12607-01:14

50-70 EN 1426:1999
<

Passing [%0]

size [mm]
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Photocatalytic Pavement Combining Asphaltand

e
E

DIFFERENT CONSTRUCTION METHODS

he mortar is applied o

1ds for a depth of 1-

The mortar is poured into the
Open grade layer, filling up all
voids for its whole thickness







6. Photocatalyt
Road Pave

alytic
Blocks
1ents
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CASE STUDIES

BLUE PHOTOCATALYTIC
PAVEMENT
Cinisello Balsamo (Milan)

ROUNDABOUT
Milan




6. Photocatalytic

OGAC Hyperfluid Titanium
(28-30% of cement Dioxide
voids) mortat (Anatase)

Road Pavements:

Photocatalytic The photocatalytic hyper fluid The surface is “worked’? in ©

Pavements ] . y .
Combining mortar is poured into the assure the full penetration o

Asphalt and Open Grade layer mortar in the layer

Cement Mottar

The result is a composite material combining asphalt a

photocatalytic mortar
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Bituminous Pavement Sprayed with Photocatalytic -

— \

The titanium dioxide is mixed together with the paint/resin then sprayed
[ cuciion on the asphalt layer surface

European situation

2
B Dioxide Titanium Dioxide Paint/resin
4

Photocatalytic
Process

5. Italian
Applications

Asphalt Concrete

* Photocatalytic
Cement Blocks
Pavements

* Photocatalytic
Pavements
Combining
Asphalt and
Cement Mortars

7. Testing Protocol &
Laboratory Test

8. Conclusion




uitably cleaned

6. Photocatalyti HOT METHOD made directly after

Road Pavements:

laying- phase

The two laying methods show:

* equal photocatalytic efficiency

» different adherence:

- cold-method: reduction of 6+8 BPN
- hot-method: reduction of 3+5 BPN
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6. Photocatalytic
Road Paveme



Bituminous Pavement Sprayed with Photocatalytic =~
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CASE STUDY 1: Auto-Park in Milan

Area: 4000 m?

NOx Reduction: 49% *

* Conditions Test: gas flux=1.5 1/min radiant flux=20\W// ‘



Bituminous Pavement Spraye

CASE STUDY 2: Highway Forli-Cesena

uropean situation

Area: 2500 m?

. Titanium Dioxide

4. Photocatalytic

Process NOx Reduction: 460/0 x
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* Conditions Test: gas flux=1.5 1/min radiant flux=20



. Introduction

. Buropean situation

. Titanium Dioxide

. Photocatalytic
Process

. Italian

Applications

Photocatalytic
Cement Blocks
Pavements

Photocatalytic
Pavements
Combining
Asphalt and
Cement Mortars

. Testing Protocol &
Laboratory Test

. Conclusion

ey

otoca

CASE STUDY 3: Urban Road in Cantu and Monza

GPP: Glass Photocatalytic Pavement

NOx Reduction: 50%0 *

%
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* Conditions Test: gas flux=1.5 1/min radiant flux=20\W



Bituminous Pavement Sprayed with Photoca c
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CASE STUDY 4: Urban Road in Ferrara

/-1-

Area: 13000 m?

NOx Reduction: 42%0 *

* Conditions Test: gas flux=1.5 1/min radiant ﬂuXZZOW/rﬁ



uropean situation
. Titanium Dioxide

4. Photocatalytic
Process

5. Italian
Applications

* Photocatalytic
Cement Blocks
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Combining
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. Conclusion

Bituminous Pavement Spraye

CASE STUDY 5: Gallery in Milan

Area: 11000 m?

NOx Reduction: 46%0 *

NOx Reduction: 14%0 **

MAE«:
I

* Conditions Test: gas flux=1.5 1/min radiant flux=20\W/
** Conditions Test: gas flux=5 1/min radiant flux=20



6. Photocatalytic

Road Pavements: s Analyser of NO and NO2
g residual concentrations

Photocatalytic pavement

Test chamber
sample

A NO, flow entering into the test chamber

A UV light simulating sun light

A chemioluminescence analyser measuring NO, concent
chamber




Applications

Photocatalytic
Cement Blocks
Pavements

Photocatalytic
Pavements
Combining
Asphalt and
Cement Mortars

Bituminous
Pavement Sprayed
with
Photocatalyitic
Paint/Resin

Testing Pro

NOXx
source

Air
source

In details

@,

Test
chamber

NOX
analyser

humidity
control
chamber




6. Photocatalytic

Road Pavements:
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Photocatalytic activity test results

Total Nox reduction

60

time [min]
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Jesting different; photocatalytic” materials

NOx Concentration Abatement :
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Jesting different; photocatalytic” materials

NOx Concentration Abatement :
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photocatalytic materia

tests to better understand the in
es on the whole section

6. Photocatalytic mprove durability and reducing costs

Road Pavements:

Accelerate acceptance and implementation from Road
innovation

* Support the development at all levels of a “sustainable ¢
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