1 BITUM NOUS RCAD SURFACE W TH A PHOTOCATALYTI C

EFFECT AND PROCEDURE FOR THE PREPARATI ON OF SAI D ROAD

SURFACE Field of the Invention The present invention

relates to a bitum nous road surface with a

photocatal ytic effect and a procedure for the
‘preparation of said road surface. Description of the

Prior Art A known photocatajytic process enables the

oxi dation of polluting and contam nating substances.
The photocatal ytic process is based on the use of
BAIUMINOUS ROADESURFAGE aWITHO#s PHRTQEATALYDHIC ERREQI AND
sem conductors when the latter are excited by suitable
PROCEDURE§OR THE RREPARATION-OErSAID RRAPS&URRAEEr for
activating the photocatalytic process is titanium

di oxide (Ti02), preferably in the formof anatase. The
el ectrons nade avai | Bigleeofthe iieentipnani um di oxi de give

rise to a negative electric charge that easily binds
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nmore precise, it binds to the nol ecul es of atnospheric
effecy god a(@a¥eduse fonthe preparation ofspid rops sUidse( 02 or 0-).

These ions 02 and 0- are highly reactive and bind to
the mol ecul es of ,@ﬂ&ﬂi&t@mﬁil@.@;ﬁﬂﬂdﬁg in the
environment, particularly nitrogen oxides ( ., Which
Aakeowai Rhotoaatelbige PreRnssxcaabIshdthe c%"g"é'o(‘Ng%()?’o'W? and
thus form n% negative ions NO3-, or carbon nonoxide
cqrtaminatigg $LBgtaR*e%e to a nol ecul e of carbon di oxi de
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electromagnetic waves.

A preferred semiconductor for activating the photocatalytic process is titanium
dioxide (TiO,), preferably in the form of anatase.

The electrons made available by the titanium dioxide give rise to a negative electric
charge that easily binds to other molecules occurring in the environment. To be
more precise, it binds to the molecules of atmospheric oxygen (Oz), giving rise to
negative ions (O;" or O7).

These ions O,” and O™ are highly reactive and bind to the molecules of
pollutants occurring in the environment, particularly nitrogen oxides (NOx), which
are mainly nitrogen monoxide and dioxide (NO or NO,) - thus forming negative
ions NO5~, or carbon monoxide (CO) - giving rise to a molecule of carbon
dioxide CO,.

When photocatalytic substances are placed in an alkaline cement matrix, the
negative ions (NO;") easily bind to the positive calcium or sodium ions (Ca*" or

Na') dissociated from the compounds (calcium carbonate, gypsum, o)



Nat) dissociated fromthe conpounds (cal ci um
carbonate, gypsum ...) 2 occurring in the alkaline
cement matrix. This last step is of fundanmenta
i nportance, because it prevents the production of
acids at the end of the photocatal ytic process,
produci ng harm ess salts instead, such as cal ci um
nitrate Ca(NG3)2 and sodiumnitrate NaNO3, which
precipitate in the environnment. The photocatal ytic
process can oxidize not only nitrogen and carbon
o WHIRSIn thelbikafths GerBAymetrixer har nful subst ances, such
as: benzene, toluene, ethyl benzene, mxylene, ozone,
T 4strsteh RXdfdanddrnental teportiece Abextaaise éhgreeentPhe production
met hanol, and ethanol. Various experinents have been
ofc agidsicitettiet endiss eths phrtocHialytiermnecess, wpredusiien hagipse $alts
and ot her pollutants obtained by coating roads or o
instelalls suth fasacalgibot oteatel Ga(N©skuanthsediugy ajtrate d¥aV@;. nyhich
up to 62% reductions in these pollutants. Said
prexipiaienp it ehdvannmeitet hel ess identified certain
i nportant drawbacks. In fact, to achieve all the
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cement matrix and thus give rise to hazardous acids
and etgBoknd of the photocatal ytic process. Al Kkaline
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In fact, to achieve all the above-mentioned advantages, the photocatalytic
substances must be incorporated in an alkaline base, such as cement and
mortar, otherwise, the NO;™ negative ions fail to bind with the calcium or sodium
positive ions (Ca™* or Na”) occurring in the alkaline cement matrix and thus give
rise to hazardous acids at the end of the photocatalytic process.

Alkaline base materials are not always available on roads, which are generally
made of bituminous mixtures, not cement-based mixtures.

Bituminous mixtures very often contain amines. The conversion to nitroso of the
nitrogen dioxide when it combines with the amines gives rise to nitrosamines.
Various solutions have consequently been suggested that involve covering the
bituminous road surface with a cement-based top coating.

Such a solution enables cement road surfaces to be obtained on top of the



bi t um nous road surface with a cenent-based top

coating. Such a solution enables cenent road surfaces

to be obtained on top of the 3 bitum nous surfaces.
There is evidence, however, that nortars and cenents
cannot assure a satisfactory nechani cal behavi or when
they are cast over a layer of bitumnous mxture. In
fact, these different typeszef material - bitum nous

and cenent-based - have very different noduli of

el asticity and nechanical features; in particular,
bihihBLS suddébscenents are far nore rlgld than the
underlying bitum nous layer. As a result, the
ThideUNS NektericeUNdRisven trayemoftais mntiocemppisr catia assure a
overlying cement reliably when the latter (which
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| oads, induced by trucks for instance. The |ack of
mixtpeor t and consequent bending of the concrete |ayer
becones manifest in the formof surface cracking
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Tests have also been conducted that involve coating the top of the bituminous
road surface with a paint or like product containing photocatalytic substances.
This solution is far less expensive and quicker to apply, but the top of a
bituminous road surface is known to last for a very limited amount of time
because of the wear and tear induced by the passage of the various types of
vehicle. Using such a procedure can only obtain a road surface with a short-
lived photocatalytic effect.

Moreover, photocatalytic paint reacts with the organic compounds in the
bituminous road surface, causing their degradation and a consequent loss of
adhesion.

Summary of the Invention

Given this situation, the technical aim behind the present invention is to design a



adhesi on. Summary of the Invention Gven this
situation, the technical aimbehind the present
invention is to design a 4 bitum nous road surface
with a photocatal ytic effect and a procedure for the
preparation of said road surface capabl e of
substantially overcom ng the above- nentioned
drawbacks. Wthin said techgbcal aim an inportant aim
of the invention is to design a road surface with a
photocatal ytic effect that has the nmechanical features

blﬂfmlﬁou§'r6éﬁns[]ﬁ§§e gaphal ghoteuhtdliee efiecti aed aaphoeatergefor the
al kal i ne base materials. Another inportant aim of

Brdtiod D isbRiNroad duifade shpabla of salostantidllx ayevdonting the above-

photocatal ytic effect at a very limted cost. A
mfeuﬁéﬁberdramaclesto design a road course that is highly
durabl e. The technical aimand stated objects are
Wi sald dedhnidahainpr es énpoitanteximi ifrihe irspatipn iicta Agsign g read
first aspect, the present invention provides a
swfaneomt\abypmoiocaiabmm gftagt th@fabagdhﬁa'@écmn‘?ﬂefe?}kﬁés of a
defining an outer surface of the road cour
bitwnisioss asphadt andathisi cherrica ggvariages offalkaipe; kfﬁsér'ﬂ%iﬁf'ﬁls
draining type, with a thickness com ng between 10
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east, and characterized in that: said gaps fromthe
phetescatalytia siiacta avary jmvtedcogt | east 1 ?m]p are finely

coated with a cenment nort t [ :
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consm‘?’t ng ofrrg ﬁtﬁrmnous base, of the internally draining type, with a thickness
coming between 10 mm and 60 mm and containing gaps near the surface at
least, and characterized in that: said gaps from the surface down to a depth of at
least 1 mm, are finely coated with a cement mortar containing: titanium dioxide,
suitable for achieving photocatalytic reactions, in w/w proportions coming
between 2.0% and 5.0% of said mortar, melamine resin suitable for fluidifying
said mortar in w/w proportions coming between 1% and 4% of said mortar, and
amorphous silicon dioxide, suitable for making said mortar compact, in w/w
proportions coming between 5% and 15% of said mortar.

In another aspect, the present invention provides a procedure for the
preparation of a photocatalytic bituminous road surface as described above,

comprising a stage for the preparation of a bituminous base, of the internally

draining type, with gaps near the surface at least, and characterized in that-it



In anot her aspect, the present invention provides a
procedure for the preparation of a photocatalytic
bi tum nous road surface as descri bed above,
conprising a stage for the preparation of a bitum nous
base, of the internally draining type, with gaps near
the surface at |east, and characterized in that-it 50
conpri ses: a subsequent stage for spreading said outer
surface with said cenment nortar, said cenent nortar
bei ng suitable for coating said gaps in said
chhpridBsn O SUBSSGUEND VElag® for dppddtlimf sald loetest surfave withdsaid
for lining said gaps In said bitum nous base. In a
cErdehthabrias Rart cerhbit porRsEbEing Buitalkle dor guadtingdedd gars if said
the cement nortar as described above for spreading
biyRinoas iateltionoLts Haspthobf atnieestntimng, andifariliming e 9aps in
that forns the surface of a road course. The
spii ditamdricals\dase. bi t um nous road surface i s prepared by
spreading the outer surface of a bitum nous base with
Irt hdurtiees asipbetd thve peasentrinveation Migvidgedisei Bdbe @éW@ﬁt mortaf as
nortar forms an extrenely thin conpact |ayer,
desarived abeye fortspreatingiaper @ hitynivoys Pass ALY raa'yedraﬁmg type
liable to rupture or cracking, since the strength and
thad fovensi tbasuBaemof ®{RadeoWsRe road course is
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defined by the bituminous base.

Bried Description of the Drawings

Further features and advantages of the invention are better explained below in a
detailed description of a preferred embodiment of the invention, with reference
to the attached drawings, wherein:
the figure 1 illustrates portion of road surface according to the known art; and
the figure 2 schematically shows a portion of road surface according to the
invention.

Description of the Preferred Embodiments

With reference to the aforesaid figures, the bituminous road surface according to
the invention is globally indicated by the numeral 1.
The road surface 1 defines an outer surface 1a of a road course 6 suitable for

enabling the passage of motor vehicles, trucks and the like. -



Description of the Preferred Enbodi nents Wth

reference to the aforesaid figures, the bitum nous

road surface according to the invention is globally

i ndi cated by the nuneral 1. The road surface 1 defines
an outer surface la of a road course 6 suitable for
enabl ing the passage of notor vehicles, trucks and the
like. 6 Said bitum nous rogd surface 1 consists of a

bi t um nous base 2, of known type wth a thickness
substantially com ng between 10 nmand 60 mm Said
sgldt BiflinfIReiSs RaREsiAfdce 1TB6HsINE oRagsiRgaheusSbased2 boft knoem type

acts as the binder of said aggregate 3. The
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fi1l the space occupied by the bitum nous base 2,
Sbldebltlﬁn"haﬁs basenznieghags bf egoregpter 8 iand kifunseri 4, whjshcasts as
is occupied by gaps 5 within the bitum nous base 2.
thEsindért of sialbatggrégate 2 i s al so preferably of the
internally draining type, so it has a considerable
The oqugrégate dfandabittnes anbinder dgde etpiteonwoletely i Jae space
di mensions, i.e. nore than 40% of the aggregate 3 is
opeugfied bbltlye bifvyious Hase 12 l#ma b frepy BeYII08e @rerpstiayat 8aid
3 is preferably obtained crushi ng and consequently
shace iaroccupied by aps Bagithin tfrm%'ﬂéwgew %@SQ Bat the

aggr egate does not becone npact retai ns a high
Tpemituminaye hasegais<ls pneﬁerﬁakytof t@%in&eraa@)\éd@"b?%?yé’?aﬁ? 3 has
occur in a proportion con1n%gbetmeen 109

aseangidsrakleriprerastion of cavitigh @ |%ﬁ$9f89§teb%§2q§'98rﬂ/ Ipensions,
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compact, but retains a high percentage of gaps 5.

In fact, said gaps 5 preferably occur in a proportion coming between 10% and
30% of said bituminous base 2.

The bituminous base 2 only forms the outermost layer of the road course 6,
which may comprise further layers of bituminous mixture, crushed stone and
other materials, schematically indicated by the numeral 8.

The gaps 5 in the bituminous base 2 that lie at a distance of 1 to 40 mm from
said outer surface 1a, are finely and evenly coated with a cement mortar 7.
Cement mortars are known to be composed mainly of water, aggregate
(substantially consisting of sand) and a binder, which is cement in the case of
cement mortars. The mortar may also contain numerous different types of
admixture.

The cement mortar 7 has a photocatalytic effect because it contains a



said outer surface la, are finely and evenly coated
with a cenent nortar 7. Cenent nortars are known to
be conposed mainly of water, aggregate (substantially
consi sting of sand) and a binder, which is cenent in
the case of cenment nortars. The nortar may al so
contain nunerous different types of adm xture. The
cement nortar 7 has a photogatal ytic effect because it
contains a 7 photocatalytic material in ww
proportions com ng between 2.0% and 5.0% of said

pABoEAalytiSahateABPINOGAT Prodriiormtening| bétaepn ef.@%atnd 5.0% of
titani um di oxi de and, better still, in the form of

sdidahéssr. The cenment nortar 7 also includes a

pl asticizing adm xture, in ww proportions com ng

shrt pretocatiyaicdmatériabis grefberbly Gianiury diekitixtande bietier still, in
designed to fluidify the nortar and preferably
treofosinsifsanafasa. nel am ne resin, such as MELMENT(r) F10,
manuf actured by Degussa Construction Polynmers GibH, .
Taademenpnairar Jbalgo iralerasmm plastiezingAdmixture, iRaMw pigrortions
the plasticizing a%nixture preferably conprehend a

comjrg betivesniidh 28¢d 4%ubst ance based on a copol ymer of
vinyl acetate, vinyl versatate and butyl crylgte I N
Saidvptpstipizing admbftuigp|sr 6§§|9@qcb|tg, fluedify{ienmgrtar “and preferably
super -pl astici zer substance i factured, far
cPAgstaneb 2 BIRIARMEHEISIN 84C s h VB EN TS Foid: @?B‘%@%"(‘Fﬁd by
AP200. The cepe nortar 7.alsq.includ alm 0
Dﬁgpsiaggoafwﬁ@@"%wywpw Bibshare b AT G Re R es form.
and 15% o mortar 7. Said anpr L -
e e
sﬁﬁ%ggc%ee%%p,gg g%SIaL%cﬁr?oéFrH%? of Wy? Rcbitd" GhiT ds%tats 8fld butyl
acrylate in w/w quantities of approximately 4%. Such a super-plasticizer
substance is manufactured, for instance, by the Hercules with the name of
Elotex® AP200.

The cement mortar 7 also includes amorphous silicon dioxide in wi/w
proportions coming between 5% and 15% of the mortar 7.

Said amorphous silicon dioxide is contained in an admixture for mortars and
cement called Silica Fume, which is preferably used for the present mortar 7.
Said admixture enables a marked, up to two-fold increase in the strength of
cements and mortars.

This is thanks to the limited dimensions of the silicon particles (which are two
orders of magnitude smaller than the particles comprising the cement) and to
the considerable reactivity of silicon dioxide with the various components of

the mortar 7. Silica fume is manufactured, for instance, by the Norwegian

company Elkem.



Sai d admi xture enables a narked, up to two-fold
increase in the strength of cenents and nortars. This
is thanks to the limted dinmensions of the silicon
particles (which are two orders of magnitude smaller
than the particles conprising the cenent) and to the
considerable reactivity of silicon dioxide with the
vari ous conponents of the gortar 7. Silica fune is
manuf actured, for instance, by the Norwegi an conpany
Elkem 8 The nortar 7 also preferably contains a
THE hidrtdr &t A6 bRFeraBlVi contdifs a Wewetairing @timixtureg
adm xture reduces the tendency of the water to

TRY aRsteRictainingi ddmiktige cettioes thortéadericyicf thetwategto @waporate
such evaporation is detrinmental for nortars and

WRREES Gerhentgroraral is setithd.or  the present mixture in
particul ar because, as it evaporates, the water

Aviglsath levaporatiomes detgimeetal farirgortars @indiceniseds in generalhand for
titani um di oxi de, and brings other substances

thec presentngixturetin gactinwiattheceussh assit ewapacalesi the water volatilizes
carbonates and the like, to the surface, which have a

theec rligbtarweigts sobstencesel. phdho dHerivyy idioxda.i gRd obringsh other
titani um di oxi de or other photocatal yst involved. The

substancaseoeguing imdin cemeat isuchrast betalgun eIPPHRIGS @nd the
ether that retains the water by increasing the . .
e, 46 das EyrTaste, NG haNe seTsanng Sgaken I ¢ ogrbsiyts agton o
inww quantities comn etween Q. 1% and 0.4% A
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qggat%%ncorlr%g Bgtvs?’;é’nvg.\f\‘%ognd 62% mortar 7.
A suitable water-retaining admixture, for instance, is manufactured by Hercules
and goes by the name of Culminal Mhec 6000 PR.
The mortar 7 also preferably includes glass fibers, which are preferably made of
alkali-resistant glass, added in proportions coming between 1% and 3% w/w of
the mortar 7.
To be more precise, said fibers are made of alkali-resistant glass with a high
zirconium oxide (ZrO,) content, capable of withstanding the corrosive effects of
alkalis and assuring excellent mechanical features.
These fibers preferably have a mean diameter of 12 — 14 ym and are preferably
between 3 mm and 20 mm in length.
The glass fibers assure the mortar 7 a superior mechanical strength and prevent

any formation of cracks while the mortar is setting.

Glass fibers of this type are manufactured, for instance, by Vetrorex Saint-



To be nore precise,
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increase the density of the nortar 7, so as to
mriay @nso hs td pravepeit botmepdraglating tegsnth. Col or i ng

pi gments can al so be added, such as certain iron
Colaridgpigmentssahiaten be added: sivph @s sertaiRdranyidrs ¢rhe like

a nortar 7 is given in the table bel ow. Product
Antexampte of the ingrediegtraintg MprtaBAs) gveniRbptENg Sesy

Mllenniumltalcenmenti Cepment 20 0% TX Ml ennium

Puduce Cern. 52,5 |tal cenpMenutashiat 20Y8% Sataf 171Suantity
silica sand Sataf Aggregate 36 0% Sataf 11 71F sillica
BAGHA INGREPIEN§Pegat e 24. 0% ADM XTURES PCLCb Titani um
dioxide Mlleniumch Ti(P 2 5% PC 500 Titanium
Gi Miledeium | | eni um ch Ti g ltelcgments; | i (&eMARt El kem 9460%
UEBE kem Si® 10 0%
TX Millennium white Cern. 52,5 ltalcementi Cement 20.0%
Sataf 113 silica sand Sataf Aggregate 36.0%
Sataf 11 71F silica sand Sataf Aggregate 24.0%
ADMIXTURES
PC105 Titanium dioxide Millenium ch. TiO, 2.5%
PC 500 Titanium dioxide Millenium ch TiO, 0.8%
Silica fume Elkem 940 U Elkem SiO, 10.0%
Melment F10 Neuchem Plasticizer 2.0%
Elotex AP 200 -. Hercules Super-plasticizer |4.0%
Culminal MHEC 6000 PR Hercules Water retainer 0.3%
Amylotex 8100 Hercules Stabilizer 0.3%
Black iron oxide Siof Coloring agent 0.5%
Micro fiberglass Sant-Gobain Glass fibers 1.5%

In the table, the w/w percentages are calculated on the basis of the weight of the

basic ingredients alone (i.e. aggregate and cement). The previously-described




Mel ment F10 Neuchem Pl asticizer 2.0% Elotex AP 200 -.
Her cul es Super-plasticizer 4.0% Culmnal MHEC 6000 PR
Hercul es water retainer 0.3% Anylotex 8100 Hercul es
Stabilizer 0.3% Black iron oxide Siof Coloring agent
0.5% Mcro fiberglass Sant-Gobain 3 ass fibers 1.5%
In the table, the wfw percentages are cal cul ated on
the basis of the weight of {jae basic ingredients
alone (i.e. aggregate and cement). The
previ ousl y-described 10 chem cal and physi cal
ch&RicHr &% Blﬁ)hstiéb@ féRLieal of fhé& Aithlae 7i éndble @@ elenig cadt thhgaps
gaps 5 w thout conpletely filling them To be nore
5 RfideuBSomplBRIY filgM@idm ty of the nortar 7, inparted by
the plasticizing admxture, enables it to percolate
TbHeOmbhep@rRe, the flowaisilityi df uhe meartar asepaned erdhe ofasticizing
remai ni ng on the surface. As a result, the
agbtereatadblés it torpetaaiatd interise gaps A in fHeakituneinews baseinstead
the asphalt top layer of the bitum nous course has
ofuEnmainingyon thsbsuetacer As teheesothnipechoterataiptiogenapdgemains in
nature of the nortar 7, thanks to the anorphous
plaick ieven afteothiecaspbalt 80 layer Fithe bAumMinOuUs SOUFRE RASSWOrAIAVEY -
effect of ensuri ng that the photocatal ytic reaction
Mairewves, thekessnpsichead inemagenpeussaaisee of thegnrap; hethapimin the
substances. In fact, the surface |a and_the adj cenftf
agnr?a@t@uar silisenotienide | pilieaveyes aﬁft'ﬁvescé??erﬂesﬁ%ﬁ gapfieft of
e invention conprises a new procedure for.the
epswiing: thet 8ie Brotacatglyiic fPagien 2yave Rigeey in g prgsence of
hot ocatal ytic effect. Said procedure conprises a
aE‘ﬁBWC%mﬁﬁteS%Fa”tcﬁé' preparation of a bitgﬁi nous base

2, as descri i
In fact, the surfaceb ?g ﬁ\&jet“laoa%]c’alééht areas are homogeneously covered with

cement mortar 7.

The invention comprises a new procedure for the preparation of a
bituminous road surface 1 with a photocatalytic effect.

Said procedure comprises a known stage for the preparation of a bituminous
base 2, as described previously.

Said bituminous base 2 is preferably of the internally draining type.

The procedure according to the invention also involves a subsequent stage for
spreading the outer surface 1a of said bituminous base 2 with a cement mortar
7 of the type previously described.

Said spreading operation is done manually or mechanically using known
methods.

The cement mortar 7 flows inside the bituminous base 2 and lines the gaps 5 in
said bituminous base 2, coating them evenly and compactly, without completely

filling the gaps 5, in fact, approximately 20% of the volume of said gaps is



Sai d bitumnous base 2 is preferably of the internally
drai ning type. The procedure according to the
invention also involves a subsequent stage for
spreading the outer surface la of said bitum nous base
2 with a cement nortar 7 of the type previously
descri bed. Said spreading operation is done manual |y
or nmechanically using knowy4-net hods. The cenent
nmortar 7 flows inside the bitum nous base 2 and |ines
the gaps 5 in said bitum nous base 2, coating them

o g and compactly, wi thout conpletely filling the
gaps 5, in fact, approximately 20% of the vol unme of

TBRI EsORRS dchieldd tAgmkepicethe diersicaleand tphysicalcpiopedigs of the
thanks to the chem cal and physical properties of the
OPak &1 afd oAyt treinkartd the laadiien tad pidsticizing admixtues and
plasticizing adm xtures and silicon dioxide or Silica
sfiore dioRRlet (Billdanumer avéxpiaihgd pEvioustyr t ar 7 coats the
bi t um nous | ayer down to a depth com ng between 1 mm
Tae thattarMgoate frenbitutginons tayer dowe et cemingigtvegn 1 mm
required of the road surface in question. Preferably,
ang ptOximadebgnding grotherstreagth7 and durakility prauige Lfethe road
meter of outer surface la. The spreading procedure
suaalceblp dquestiement ed on a specifically-prepared
bi tum nous base 2. In this case, an internall
Paefarabi) AR OIMAIRHUS Hoaslemortas 7 e uspd ey sSPapeter;gf outer
lieu of, or in addition to a previous road course or
stfface i&e. Alternatively, the spreading can be done

Tg\éﬁfrsgrgaggntgu rgrgc%lésureb acsaen %ealiraglgd enkeaci OIon el stpggfigﬁﬂlgprepared
bituminous base 2. ‘

In this case, an internally draining bituminous base 2 is preferably prepared in
lieu of, or in addition to a previous road course or the like.

Alternatively, the spreading can be done over a bituminous base 2 already laid
on the road course 6.

The invention also comprises a new use of a mortar 7 of the type described.
Said use involves the mortar 7 being spread substantially in the same
manner as a paint over a bituminous base 2 which forms the outer surface
1a of a road course 6.

Three kg of mortar 7 are preferably used per m? of surface area 1a being
treated.

The invention offers important advantages.

In fact, the mortar 7 adheres to the gaps 5 in the bituminous base 2.

The photocatalytic reactions consequently always take place in the vicinity of the

areas coated with mortar 7, so the negative ions that form in the photocatalytic



The invention also conprises a new use of a nortar 7

of the type described. Said use involves the nortar 7
bei ng spread substantially in the same manner as a
pai nt over a bitum nous base 2 which forns the outer
surface 1l1la of a road course 6. Three kg of nortar 7

are preferably used per n2 of surface area | a being
treated. The invention offegfg inportant advantages. In
fact, the nortar 7 adheres to the gaps 5 in the

bi t um nous base 2. The photocatal ytic reactions

pFEURSE @HE Birdtodhdalkalié ak@ephetsr 1, hisgivingeiseitd hanhleshealts.
areas coated with nortar 7, so the negative ions that

A Rithe} BdidiRagd ataycs abyéived t3mpariog ¢iss reahsirfaw t accdrding
alkalis in the nortar 7, thus giving rise to harnl ess

t6 el iBventidnfto tihd Rriowas eetnlilasteatadyn Big. dbser ved conpari ng
the road surface 1 according to the invention to the
Tkeowmoant ,art | busidest eal icemBngbasked Tap laseting alP, containing
provi des a cenent-based top coating 10, containing
phbtoicatziytial nyatedaingarticleslang apvérioigdbe Hittmitausriasg & he

bi tum nous base 2. The cenent-based top coating 10 is
Tharcemend-based dop heatingh# i fanmoreuigih than the bitngigous base 2.
result, the bitum nous base 2 fails to support the
Asvaresyiltnthet bifuraioaus bgsa 8. failsTiesyrpokt (e aigpyBettonsgating 10.
consequent bendi ng of the concrete |ayer becoqes
Tivgnliatleof SupPPHeanicheanesauent Paeding rof R nepCrsie flayeinpegpmes
the nortar 7 forms_an extremely thin conpact |ayer
nﬁﬁjgfeﬁ'i 'ﬁﬁh%fqrﬁ‘l of SY5taGR €TKING acki ng, since the strength
and mechani cal behavi or of the rqad cour 6 1S ., .
Cifafsrily theumartatef (AG By PRy dN-etEPaddaye, hot liable to

DR TSI " USE b B URERE BRI g rom
chﬂ?sle;é)g slu%gigarntiglfly égf(lenerdoo%l h3 rit[l%?n%u%’baggcf‘use the

Another advantage lies in that the photocatalytic effect of the road course 6
remains despite wear on the top layer of the road surface 1, because the mortar
7 containing the photocatalytic substances is not simply spread over the surface
1a, but also penetrates into the gaps 5 in the bituminous base 2.

The photocatalytic effects consequently persist throughout the working life of the
road surface 1.

A further advantage stems from the fact that only a small quantity of mortar 7,
and consequently also of photocatalytic substances, is needed to cover a wide
area of bituminous base 2, which consequently retains its internal draining
properties.

The marked reduction in the amount of photocatalytic substances needed also
means a considerable economic saving. In particular, the quantity of TiO, per m? of

road surface 1, can be reduced more than tenfold by comparison with the amount



7 containing the photocatal ytic substances is not
sinply spread over the surface la, but also
penetrates into the gaps 5 in the bitum nous base 2.
The photocatal ytic effects consequently persi st

t hroughout the working life of the road surface 1. A
further advantage stens fromthe fact that only a
smal | quantity of nortar 7, q3and consequently al so of
phot ocat al yti ¢ substances, is needed to cover a w de
area of bitum nous base 2, which consequently retains
oftTSO) héeictad attii@venh Fghd guifape hiade entirklyeof photoedtalytic cement.
reduction in the anount of photocatal ytic substances
needed al so neans a consi derabl e econom c saving. In
particular, the quantity of Ti Q2 per n2 of road
surface 1, can be reduced nore than tenfold by
conmparison with the anount 13 of Ti 02 needed to

achi eve a road surface nade entirely of photocatal ytic
cement. 140 CLAIMS 1. Photocatal ytic bitum nous road
surface of the type defining an outer surface of the
road course, consisting of: a bitum nous base, of the
internally draining type, with a thickness com ng
between 10 mm and 60 nm and containing gaps near the
surface at |east, and characterized in that: said gaps
fromthe surface down to a depth of at least 1 mm are
finely coated with a cenent nortar contai ning:
titani um di oxi de, suitable for achieving

phot ocatal ytic reactions, in ww proportions conm ng
between 2.0% and 5.0% of said nortar, nelamne resin
suitable for fluidifying said nortar in ww
proportions com ng between 1% and 4% of said nortar
and anor phous silicon dioxide, suitable for nmaking
said nortar conpact, in ww proportions com ng between
5% and 15% of



said nortar. 2. Road surface according to claiml,
wherein said anorphous silicon dioxide is in the form
of Silica Fune. 3. Road surface according to claiml,
wherein said cenent nortar includes a water retaining
adm xture consisting in a cellulose ether in ww
guantities com ng between 0.1% and 0. 4% of said

nortar. 4 Road surface according to claiml, wherein
said cenment nortar contains an alkali-resistant glass
fibers in proportions comng between 1% and 3% w w of
said nortar. 5. Road surfCGkcAald8ording to claim1l,
wherein said cenent nortar conprehend a substance
bastedPinstocatelyfiol hituerinads voary Isutfees aff etheviypg| defining an outer
versatate and butyl acrylate in w w quantities of

sipface xifrthe giogd 4purse, crosigtingof az ditamowugi baget of dhaainternally
1, wherein said gaps have a volunetric proportion
dreiningy tyre, wedh a OPACKRESSORMHNG hetwMed)] tIGieuanh £k mmsand
7. Road surface according to claim1, wherejin said
wtaiRna apsese the sprfasr Atieagh %@g?@gaﬁté%ﬁs’dww 53 gaps
nore than 40% of said regate is er _than

fiom dhg suiigee daun the wﬂ% aAti gAstot "a“p%fﬁ aeate/a?%%?cgm ith a
bi tum nous road . surface in

Qﬁnéqrﬁﬂn?qgng@tqlalng tl@BWH} CCO d gqbcl@éorf %Qholen\?rpé; photocatalytlc

tlpar at i 0 of a bitun nous

g fyeprogp 'ﬁnaacsgﬂn%&gfwm o Ag 0% PEsaH mortar,
t
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%eg\ﬁgé“ 150 raEé’i‘rAl"/ %?'sgldcfﬁgﬁ ngogrﬁcﬂ'gha@bgﬁ’c&uatbﬁgé eanf%Ble for

i ng sail I'n sal ase down

@g@g&' 9 r%rtér tPa11:t TwidNHobdMiors' Sinfldg DRivibeBon? dn@ 15% of

brtum nous
said mortar.

2. Road surface according to claim 1, wherein said amorphous silicon
dioxide is in the form of Silica Fume.

3. Road surface according to claim 1, wherein said cement mortar includes
a water retaining admixture consistin'g in a cellulose ether in w/w quantities
coming between 0.1% and 0.4% of said mortar.

4 Road surface according to claim 1, wherein said cement mortar contains
an alkali-resistant glass fibers in proportions coming between 1% and 3% w/w

of said mortar.

5. Road surface according to claim 1, wherein said cement mortar
comprehend a substance based on a copolymer of vinyl acetate, vinyl
versatate and buty! acrylate in w/w quantities of approximately 4%.

6. Road surface according to claim 1, wherein said gaps have a volumetric

proportion coming between 10% and 30% of said bituminous base.



9. Procedure according to claim38, wherein said
spreadi ng stage involves the use of 3 kg of said

nortar per n2 of surface area of said bitunm nous base.
10. Use of the cement nortar according to any one of

the clains from1 to 6 for spreading over a bitum nous
base of internally draining type that fornms the

surface of a road course. 1%pg° A road surface
substantially as herein described or exenplified, with
reference to figure 2 of the acconpanyi ng draw ngs.

12.7. AR@a@c&xdi_'Jce acawdidigntp totaiml di wigremulssidabttumiropsabase
herein described or exenplified. 13. A use according
domnprehemdsl Bn aggbedaiatandl wiyerai merethrardé8%r otheald @ggregate is
exenplified.

larger than 10 mm.

8. Procedure for the preparation of a photocatalytic bituminous road
surface according to any one of the claims from 1 to 6, comprising a stage for
the preparation of a bituminous base, of the internally draining type, with gaps
near the surface at least, and characterized in that it comprises: a subsequent
stage for spreading said outer surface with said cement mortar, said cement
mortar being suitable for coating said gaps in said bituminous base down to a
depth of at least 1 mm, and for lining said gaps in said bituminous base.

9. Procedure according to claim 8, wherein said spreading stage involves
the use of 3 kg of said mortar per m? of surface area of said bituminous base.

10. Use of the cement mortar according to any one of the claims from 1 to
6 for spreading over a bituminous base of internally draining type that forms
the surface of a road course.

11. A road surface substantially as herein described or exemplified, with
reference to figure 2 of the accompanying drawings.

12. A procedure according to claim 8, substantially as herein described or
exemplified.

13. A use according to claim 10, substantially as herein described or

exemplified.



