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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to a photocatalytic concrete product and a method to
produce a photocatalytic concrete product.

BACKGROUND OF THE INVENTION

[0002] Air pollution in open areas with motorized traffic, such as in car parks, is found to a be
major problem. For instance, the concentration of NOx in such areas are often found to be
very high both as annual average values and as peak values which may give rise to e.g.
respiratory diseases in human or animals staying for prolonged periods in such areas or in
periods with high peak values.

[0003] Photocatalytic compounds, such as TiO5, can be used to produce smart and active

building materials that can reduce e.g. the high level of pollutant that poses a threat to human
or animal health in big cities and in areas with high air pollution. One strategy is to apply
photocatalytic compounds in a post-production step to building surfaces that are irradiated by
the sun light during the day. For example, linings of roads, car parks and pavements are
surfaces that are exposed to sun light for several hours during the day. Such post-production
step may include cleaning of the surfaces and then spraying the lining with a dispersion
containing photocatalytic particles.

[0004] Another strategy is to mix photocatalytic titanium dioxide powder with cement and other
binders materials to produce photocatalytic linings for pavements. One drawback of these
materials is the large amount of titanium dioxide powder used, as titanium dioxide powder has
to be mixed in large quantity so as to achieve acceptable activity towards the reduction of
pollutants and only the titanium dioxide powder available at the surface of the lining is available
for photocatalytic reactions. Furthermore, the large quantities of titanium powder may affect
the colour of the final material as well as the material properties.

[0005] Concrete products for linings e.g. for pavements, roads, car parks etc. may be
produced in a highly automated process in which not-yet-set concrete is filled into a mould, and
subsequently compacted whereafter the mould is released from the not-yet-set concrete
product. Another way of producing such linings is to cast the linings on-site, that is the applying
the not-yet-set concrete at the site where it is to form the lining. Due to the relatively low water
content in the not-yet-set concrete and the compacting, the concrete product is relatively form
stable and is left for setting in a large setting facility where no mechanical impacts are imparted
on the not-yet-set concrete . In order not adversely affects the automated production of such
concrete products, it would be advantageous if the photocatalytic materials could be applied to
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the not-yet-set concrete product prior to the product being left for setting.

[0006] As the photocatalytic material to be applied to the concrete product should
advantageously be incorporated in the product in an outer most section, such as a section
extending from the surface forming the visible surface during use of the product and some
distance into the product in order to account for wear of the product (if the photocatalytic
material is applied as a coating, it would be worn of), some mechanism for transporting the
photocatalytic material into the concrete product through a surface could be considered.

[0007] It has been found in connection with the present invention that by applying, e.g. by
spraying a dispersion of water and TiO, onto the surface of a not-yet-set concrete product will

produce the effect of the photocatalytic material being transported into the concrete product,
but importantly has the disadvantage of producing laitance.

[0008] Laitance is observed to be a white/grey, often relatively thin, solid layer appearing on
top of the concrete product and acting as a solid coating. Laitance is the result of thin weak
layer composed of water, cement, and fine particles. Laitance may occur due to for example a)
water applied during finishing or setting b) too wet a mixture and c) lack of proper curing
especially due to rapid drying of the surface. Laitance occurs during setting time of the
concrete. The time it takes for the cement and water to react to create a hardened concrete is
typically defined as the setting time. During the setting time cement and aggregate particles
are partly suspended in the water. The cement and aggregates are heavier than water and
tend to sediment in the water phase. As the cement and aggregates move downwards the
smaller aggregates moves upwards and display on the surface as a weak layer, the so-called
laitance. Laitance has been found to be highly undesired as seen both from an aesthetic point
of view as it may cover the intended appearance of the surface and from a technical point of
view as it may weaken the concrete and importantly may prevent the overall and/or long term
photocatalytic effects of the TiO».

[0009] Thus, an efficient method to produce photocatalytic concrete products could be
advantageous.

[0010] In particular, a method of producing photocatalytic concrete products which employs
low amount of catalytic materials and achieves high activity in degradation of pollutants, such
as NOx, SO, or other Volatile Organic Compound (VOC), could be advantageous.

[0011] WO 2014/168576 A1 relates to a method of applying a NOx degrading composition on

a concrete element, comprising providing a concrete element, and applying a composition
comprising photocatalytic titanium dioxide particles dispersed in a continuous phase on the
surface of said concrete element.

[0012] WO 2010/110726 A1 discloses a method of producing stable nanosized colloidal
suspensions of particles with limited crystallinity loss.
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OBJECT OF THE INVENTION

[0013] It may be seen as an object of the invention to provide a method to produce
photocatalytic concrete products having high activity towards degradation of air and water
pollutants, and reduction of algae growth.

[0014] It may be seen as another object of the invention to provide a photocatalytic concrete
product, such as a linings, having high activity towards degradation of air and/or water
pollutants and/or algae growth.

[0015] It is an object of the present invention to wholly or partly overcome the above
disadvantages and drawbacks of the prior art.

[0016] An object of the present invention is to provide an alternative to the prior art.

[0017] In particular, it may also be seen as an object of the present invention to provide a
more efficient and low cost method of production of photocatalytic concrete products for
linings.

SUMMARY OF THE INVENTION

[0018] Thus, the above described object and several other objects are intended to be obtained
in a first aspect of the invention by providing a method of producing photocatalytic concrete
product, said concrete product being photocatalytic by containing nano sized photocatalytic
particles embedded in an section including a first surface, according to claim 1.

[0019] By applying the dispersion to the surface of the not-yet-set concrete product, the
dispersion will penetrate into the not-yet-set concrete and thereby at least a part of the nano
sized photocatalytic particles will be transported into the concrete product, while some particles
will be available at the surface of the concrete product. As presented herein, only a section of
the concrete product extending from the first surface and into the concrete product will have
nano sized photocatalytic particles embedded after the applying the dispersion.

[0020] In the present context a number of terms are used in a manner being ordinary to a
skilled person. Some of these terms are detailed below.

[0021] Concrete is used to designate a composite material comprising or composed mainly of
water, aggregate, and cement.

[0022] Set is used with reference to the process of the concrete from being liquid to form a
solid. The concrete when solid is referred to as set. It is noted that the solidification does not
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occurs instantaneously, however, within the scope of this application is considered that the
concrete is liquid while it still is shapeable without inducing cracks or other damages on a
macro-scale (the scale of the concrete product).

[0023] Not-yet-set is used to indicate concrete which has not yet solidified whereby the
concrete may still be shaped in a non-destructive manner.

[0024] Form stable is used to indicate a not-yet-set concrete which may be formed into a
desired shape and which if only influenced by gravity will maintain the form provided.

[0025] Nano sized particle is used to indicate that the dimension of the particle in question is in

the range of between 1*10° and 100*10°° meter, such as between 1*10° and 1000*10°
meter. The dimension may be determined as the average particle size in the dispersions
(measured by Volume) or as the geometrical average of the size of the particles, or based on

an equivalent diameter determined as the cubic root of mass/density*4/3/m (Pi).

[0026] Lining is used to indicate a structural element of a road, pavement walk path, car park
etc. which is applied to provide the surface thereof. Cover is used to indicate an element used
to provide covering.

[0027] The photocatalytic concrete product may be a photocatalytic concrete paving element
or a photocatalytic concrete building element. Non-limiting examples of a photocatalytic
concrete product may be a photocatalytic concrete road or photocatalytic concrete sidewalk, a
photocatalytic concrete facade or photocatalytic concrete roofing, and it may be photocatalytic
concrete flooring (indoor or outdoor), photocatalytic concrete ceiling and/or photocatalytic
concrete walls (interior and/or exterior). It may be a photocatalytic concrete bridge. It may be a
Noise Barrier Wall placed for instance next to a high way.

[0028] Discrete particle is used to indicate that the particle is not included in a continuous
matrix layer comprising other materials. Thus, discrete nanoparticles may be particles that are
separated from each other. Discrete nanoparticles may also be nanoparticles connected to
each other forming a porous network of nanoparticles that are not included within a matrix
layer. A matrix layer may be a layer comprising binders or other materials.

[0029] Further aspects and embodiments of the first aspect are presented in the
accompanying claims.

[0030] The dispersion comprises a humectant selected from glycol, such as glycerol, 1,2-
butanediol, 1,4-butanediol, propylene glycol, dipropylene glycol, ethylene glycol, diethylene
glycol, triethylene glycol, hexasol, 1,5-pentanediol, 3-methyl-1,5-pentanediol, isoprene glycol,
polyethyleneglycols, polypropyleneglycols, polyethyleneglycol methyl ethers,
polypropyleneglycol methyl ethers and/or amines, such as ethanolamine, propanolamines,
triethanolamine, polyoxyethyleneamines, polyoxypropyleneamines, polyoxyethylene
monoamines, polyoxypropylene monoamines.
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[0031] Without being bound by theory, the inventors have found that the humectant limits the
evaporation of solvent, preferably water, from the surface and thereby increasing the setting
time of the concrete and thereby improving the properties such as strength of the surface of
the concrete. The setting time may be increased by more than 10, 20, 25, 50, 100 %
compared to the product without humectant. The humectant may be present in the dispersion
in the range of 1-99 wt%, such as 1-70 wit%, preferably 25-60 wt%, more preferably in the
range 35-50 wt%. The humectant may be present after setting of the concrete (top 5 mm) in
the photocatalytic concrete product in the range of 0.75 wt%-7.5 wt%, preferably in the range
of 0.38 wt% - 3.8 % or in the range of 1.5 vol% - 15 vol %, preferably in the range of 0.15 vol %
- 7.5 vol %.

[0032] The dispersion comprising humectant and/or electrostatic stabilizer and/or sterical
stabilization agent limits the mobility of the cement and aggregate particles in the outermost
layer involving the dispersion, thereby improving the properties of the concrete such as
strength and visual appearance.

[0033] Preferably, the humectant has a viscosity larger than 1 cSt, preferably > larger than 5
Cst such as larger than 10, or even larger than 14 Cst.

[0034] Preferably, the dispersion has a viscosity larger than 1 cSt, preferably > larger than 5
Cst such as larger than 10, or even larger than 14 Cst.

[0035] The dispersion may comprise or further comprise a silica containing compounds in a
range between up to 15 wt%, for example 10 wit% or 5 wt% or 2.5 wt% or 1.0 wt% such as the
composition further comprises a silica compound, preferably an alkali silicate such as sodium
silicate, lithium silicate and/or potassium silicate. Alkali silicates, also known as waterglass,
improve surface properties of a concrete element. Or such as the silica compound may
comprise silica, silanes and/or siloxanes to obtain improved properties of the above mentioned
photocatalytic concrete.

[0036] The dispersion may comprise or further comprise a pH-stabilizing agent, such as
alkaline; for example amines and/or ammonia. The dispersion may comprise or further
comprise an electrostatics stabilizing agent, such as alkaline compounds; for example amines
and/or ammonia.

[0037] The dispersion may further comprise a sterical stabilisation agent(s) with pigment affinic
group such as a wetting and/or dispersing additive for aqueous and solvent systems and/or

deflocculating additive, such as composed of copolymers with pigment affinic groups.

[0038] The dispersion applied such as sprayed is preferably a stable dispersion, i.e.
nanoparticles remain in solution without precipitating.

[0039] As the nano sized photocatalytic particles, preferably titanium dioxide nanoparticles, are
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distributed in the first layer, some of those particles will be distributed on the first surface
thereby providing a photocatalytic effect on the first surface (when exposed to light). Thus, high
activity towards NOx degradation and/or algae reduction can be achieved through the use of a
photocatalytic concrete product according to the invention.

[0040] For example, a photocatalytic concrete product comprising a low amount of titanium

dioxide per m?, such as lower than 10 gr per m2, for example 3-5 gr per m?, in the first layer,
provides a NOx degradation higher than 5%, for example up to 15%. It noted that the
distribution of such nano sized photocatalytic particles are considered evenly distributed in the

first layer. It is noted that the amount per m? may be determined either as the amount applied

per m2 or the actual total mass of nano sized photocatalytic particles in the concrete product
divided by the surface area of the concrete product. Further, the surface area is typically
defined as the area defined by the geometrical extremities of the concrete product, e.g. in case
of a rectangular shaped concrete product, the area is typically defined as the length multiplied
by the width. Thus, in the determination of the surface area, the porosity of the concrete
product is typically not taken into account.

[0041] Thus, the photocatalytic concrete product of the invention may have an activity towards
NOx degradation higher than 2.5%, such as 5.0% or 7.5%, 10% or 15% (ISO 22197-1). The
photocatalytic concrete product may have a high activity towards algae reduction after several
years.

[0042] By the present invention, the visual impression of the product remains essentially the
same as it would have had with no nano sized photocatalytic particles. In one embodiment, the
photocatalytic titanium dioxide particles may have a primary size less than 100 nm. Particle
primary size, also called crystalline size, is defined as the particle size of the particles in the
dispersion thus when the particles are not agglomerated. Particle primary size may be in the
area of 30 nm £ 10 nm.

[0043] In some embodiments the photocatalytic titanium dioxide particles may have a primary
size in the range between 5 to 250 nm, preferably between 5 to 100 nm, more preferably
between 5 to 50 nm, most preferably between 5 and 30 nm. In some other embodiments, the
titanium dioxide particles may have an agglomerate size of less than 300 nm, less than 200
nm, less than 100 nm, such as less than 80 nm preferably an aggregate size of less than 60
nm, such as of less than 40 nm and even more preferably an aggregate less than 30 nm, such
as less than 20 nm.

[0044] In some other embodiments, the photocatalytic titanium dioxide nanoparticles are in
anatase phase. For example, at least 80 % of the photocatalytic titanium dioxide nanoparticles
deposited in and thus comprised in the photocatalytic concrete product are in the anatase
crystalline phase. In some embodiments, the photocatalytic titanium dioxide nanoparticles
deposited in and thus comprised in the concrete product are 100% in anatase phase.
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[0045] In some further embodiments, the titanium dioxide nanoparticles may be in anatase
phase doped with other chemical elements. For example, they may be doped with carbon.
Doped anatase has the advantage of increasing the spectrum of light that can be used for
photocatalytic reactions. For example, by carbon doping the anatase, light in the visible region
can be used to trigger photocatalytic reaction on the titanium dioxide and thus on the product
comprising the doped titanium dioxide. The use of doped anatase and in particular carbon
doped anatase may have also the advantage of efficiently reducing algae growth, as algae
growth often occurs on location with limited/diffused light, i.e. location where the UV component
of the light is rather limited. By use of doped TiO, the photocatalytic activity according to ISO

22197-1 may be increased by 10%, 20%, 25%, 30%, 40%, 50% or even 100% in sun light
condition.

[0046] In a second aspect, the invention relates to a photocatalytic concrete product according
to claim 12.

[0047] Further aspects and embodiments of the second aspect are presented in the
accompanying claims.

[0048] The first and other aspects and embodiments of the present invention may each be
combined with any of the other aspects and embodiments. These and other aspects of the
invention will be apparent from and elucidated with reference to the embodiments described
hereinafter.

BRIEF DESCRIPTION OF THE FIGURES

[0049] The method of producing concrete product and the concrete product according to the
invention will now be described in more detail with regard to the accompanying figures. The
figures show one way of implementing the present invention and are not to be construed as
being limiting to other possible embodiments falling within the scope of the attached claim set.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0050]

Figure 1 shows a schematic drawing of a preferred embodiment of a production method for
producing a photocatalytic concrete product,

Figure 2 shows a schematic drawing of a further preferred embodiment of a production
method for producing the photocatalytic concrete product,

Figure 3 shows a schematic drawing of different moulds used for shaping the photocatalytic
concrete product, and
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Figure 4 shows a schematic 3-dimensional drawing of a photocatalytic concrete product
according to a preferred embodiment of the invention; the product is preferably provided by a
method according to the present invention.

[0051] Reference is made to fig. 1 illustrating schematically a method of producing
photocatalytic concrete product 1. The concrete product 1 being photocatalytic by containing
nano sized photocatalytic embedded in a section 3 of the product which section includes a first
surface 2 of the product. The first surface 2 forms an exterior surface, when photocatalytic
concrete product 1 is used as lining. As shown in fig. 1, the method comprises the step of
applying a dispersion containing nano sized photocatalytic particles, such as titanium dioxide
nanoparticles, and a solvent including a humectant onto said first surface 2 of the not-yet-set
concrete product.

[0052] As the concrete is not-yet-set, the concrete is still porous and the dispersion will
penetrate into the concrete forming the first section 3, in which the nano sized particles will be
deposited. The thickness of the layer 3 may be controlled by the amount of dispersion applied
and time left before the concrete sets.

[0053] As presented herein, the concrete prior to application of the dispersion containing the
nano sized particles is not-yet-set. Within the meaning of this is that the concrete can be
moulded into a given shape and that the not-yet-set concrete is form stable. This moldability
while still being form stable is provided by selecting the water content in the concrete
sufficiently low while still being high enough to assure a setting of the product. In making a
concrete product the water to cement ratio is a crucial parameter as it affects the setting time
and also the porosity and permeability, consequently, the water to cement ratio influences the
concrete strength and other detrimental chemical and physical processes. The normal
accepted ratio of water-to-cement is in the range of 0.3-0.7 w/c to obtain the optimal
performance of the concrete, such as but not limited to form stable and strength.

[0054] As also presented herein, the laitance is avoided by including a humectant in the
dispersion. A preferred humectant is selected from the group consisting of glycol, such as
glycerol, 1,2-butanediol, 1,4-butanediol, propylene glycol, dipropylene glycol, ethylene glycol,
diethylene glycol, triethylene glycol, hexasol, 1,5-pentanediol, 3-methyl-1,5-pentanediol,
isoprene glycol, polyethyleneglycols, polypropyleneglycols, polyethyleneglycol methyl ethers,
polypropyleneglycol methyl ethers and/or amines, such as ethanolamine, propanolamines,
triethanolamine, polyoxyethyleneamines, polyoxypropyleneamines, polyoxyethylene
monoamines, polyoxypropylene monoamines.

[0055] The dispersion may comprise or further comprise an electrostatics stabilizing agent,
such as alkaline compounds; for example amines and/or ammonia.

[0056] The dispersion may further comprise a sterical stabilisation agent(s) with pigment affinic
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group such as a wetting and/or dispersing additive for aqueous and solvent systems and/or
deflocculating additive, such as composed of copolymers with pigment affinic groups.

[0057] The dispersion is applied to the first surface 2 in an amount of less than 200 ml/m?,

such as 150 ml/m?, for example less than 100 ml/m2. In terms of amount of nano sized
photocatalytic particles, the dispersion is applied to said first surface in an amount of less 10 g

nano sized photocatalytic titanium dioxide /m?, less than 5 g/m?, less than 2.5 g/m2.

[0058] In order to allow the dispersion to penetrate into the not-yet-set concrete product,
typically without forming a liquid layer on top of the product due to setting of the concrete, the
dispersion is applied to said first surface during a time period of less than 5 minutes, such as
less than 2 minutes, preferably less than 1 minute, such as less than 30 seconds. Preferably,
the amount measured in ml of dispersion received at the first surface per time unit is constant.

[0059] The dispersion is applied to said first surface 2 by spraying the dispersion as droplets 4
onto said first surface 2. The droplets are provided by feeding the dispersion through droplet
forming nozzles arranged above the surface 2 of the product 1.

[0060] Reference is made to fig. 2, showing a further embodiment of a method for producing a
photocatalytic concrete product 1. As shown in fig. 2, a mould 6 is arranged on a horizontally
moving conveyer 10. The mould 6 is advanced to a position below a concrete filling machine 7
which fills not-yet-set concrete into the mould 6. After the desired amount of concrete is filled
into the mould 6, the mould is advanced to a compacting position where the not-yet-set
concrete in the mould 6 is compacted, preferably by vibrating and/or compressing the concrete
while in the mould. As shown in fig. 2, the compacting is carried out by pressing a piston 8
against the surface of the not-yet-set concrete arranged in the mould 6, while the piston 8
performs a horizontal reciprocating movement. The compacting provides a photocatalytic
concrete product with a specific outer dimension, as the compacting assures that the concrete
fills out the mould and reduces the thickness. Accordingly, the vertical movement of the piston
8 is limited downward to not exceed the thickness of the product. In some preferred
embodiments, the filing and compacting is integrated in single operation and thus, the concrete
product is not moved between filling and compacting.

[0061] The photocatalytic concrete product may also be applied in an on-site casting of the
photocatalytic concrete product. In such embodiments, the not-yet-set concrete is applied to
the position where it is to form the lining, typically vibrated to compact it, and the dispersion
containing the nano sized photocatalytic particles is sprayed onto the surface of the non-yet-
set concrete.

[0062] The compacting is preferably performed not later than 30 minutes, such as not later
than 20 minutes, preferably not later than 10 minutes, such as not later than 5 minutes after
the not-yet-set concrete 9 is filled into the mould 6 in order to assure that the concrete does
not set prior to compacting and subsequent application of dispersion, as the dispersion is
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applied to the first surface 2 after compacting the not-yet-set concrete 9 - in fig. 2 this is shown
by the concrete product being advanced to an application station where the dispersion is
sprayed on to the surface 2. However, the dispersion may be applied to first surface 2 prior to
compacting the not-yet-set concrete 9. In preferred embodiments, the compacting is in practise
carried out within 30 seconds after the not-yet-set concrete is filled into the mould.

[0063] As the concrete is form stable prior to setting, the mould 6 can be removed from the
concrete product before the concrete is set. This preferably means not later than 30 minutes,
such as not later than 20 minutes, preferably not later than 10 minutes, such as not later than
5 minutes after being filled into the mould. This has inter alia the advantage that the concrete
product does not need to be located in a mould during setting whereby the product made of
not-yet-set concrete may be left without a mould for setting and the mould used for production
of other products. Thus, the concrete product is allowed to set after the dispersion has been
applied to the first surface.

[0064] The nano sized photocatalytic particles, are preferably titanium dioxide nanoparticles,
and are preferably discrete particles. The nano sized photocatalytic particles, are in some
embodiments chemically bond to the concrete and in other embodiments embedded in the
concrete without chemical bonds.

[0065] Fig. 3 shows schematically three different shapes of moulds 6. However, the invention
is not limited to those three shapes but any other shape of mould can be used as long as the
concrete can mimic the shape of the mould. In fig. 3 is also shown the line A-A showing the
cross section along which the mould of fig. 2 is shown.

[0066] Reference is made to fig. 4 showing schematically a preferred embodiment of a
photocatalytic concrete product 1. The concrete product 1 is a set concrete product 1 with
photocatalytic nano sized particles embedded in a first section 3 of the concrete product 1. As
shown, the first section 3 extends from a first surface (2) and at least 1 mm inward, such as at
least 2 mm inward, preferably at least 5 mm inward. In a preferred embodiment, the first
section 3 comprises photocatalytic titanium dioxide nanoparticles.

[0067] As the appearance of nano sized photocatalytic particles in the first layer 3 is provided
so that no or substantial no colouring and/or laitance effect occurs as a result of applying the
particles, the concrete product may be given other colours than the colour of the concrete. This
may be provided by the concrete product comprising a colouring agent embedded at least in
the first section (3) of the concrete product. In a preferred embodiment, the colouring agent is
mixed into the concrete prior to be filled into a mould and in such embodiment, the colouring
agent is present throughout the concrete product.

[0068] The photocatalytic composition including nano sized photocatalytic particles,
humectant, optionally including a sterical stabilizer and a solvent is provided so that no or
substantially no colouring and/or laitance effect occurs as a result of applying the particles and
as the mobility of the cement and the aggregates is limited the distribution of e.g. cement,
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aggregate particles and nano sized photocatalytic TiO, is substantially homogeneous

distributed in the top layer of the concrete.

[0069] While the method shown in fig. 1-3 discloses a production of photocatalytic concrete
products off-site, that is the linings are not cast at the site where it is supposed to form a lining,
the method disclosed herein may equally well be applied to casting photocatalytic concrete
product on-site.

Example 1

[0070] Commercial concrete pavement blocks 50x50 cm?, from Gammelrand Beton, were
used to test the photocatalytic composition applied with spray nozzles on the not-yet-set

concrete blocks. 100-150 g/m? of photocatalytic dispersion (PD) was applied on each concrete
block with a hydraulic nozzle system. The photocatalytic dispersion was a 1.5 wt% water-based
TiO, dispersion stabilized to pH 10-11 with ammonia including 42 % diethylenglycol as

humectant and 5 % Disperbyk 191. The average particle size in the dispersions (measured by
Volume with Nanotrac NPA 252) was measured to 22 nm. The pavement concrete blocks were
sprayed and left for ambient drying for 72 hours. After 72 hours, the visual appearance of the
photocatalytic pavement blocks were evaluated by comparing to commercial pavement
concrete blocks, commercial concrete blocks sprayed with 100-150 g/m2 water, commercial
pavement concrete blocks sprayed with a 1.5 wt% water based TiO; dispersion similar to PD

but without humectant and without Disperbyk 191.

[0071] The products were evaluated with colour measurement and abrasion test. The abrasion
test was performed by rubbing the surface with a black cloth and evaluating if a white residue
was present on the cloth after rubbing. Colour was measured with a SpectroEye from X-Rite.
The colour of the reference and the spray applied samples were recorded as Lab (L-a‘b)

values and used to calculate the colour change as:
AL = abs(L (rer) — L(sample, x))

AE = sqrt({L ren — Lisampie, x))2+(a (ref) — asample, x))2+(b (rery — brsample, x1)2)
where the L scale defines light vs. dark and AE is the total colour difference.
Table 1: Evaluation of pavement concrete blocks.

Reference Water Water with Photocatalytic
particles composition
AL 0 20.0 21.7 0.48
AE 0 21.3 22.7 0.9
Abrasion No white White White residue No white residue
residue residue

[0072] The colour evaluation of the samples tested in Example 1 showed that the
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photocatalytic product had the same colour as the reference whereas the product sprayed with
only water and the product sprayed with a water based TiO» dispersion showed a clearly white

colour compared to the reference when comparing the AL values and the overall color
difference, AE. Furthermore, only the water and the water-based TiO, applied sample showed

a white residue when tested for abrasion. Both the white colour and the white residue from the
abrasion test is an indication of laitance deposited on the surface of the water and water-based
TiO, applied products, whereas no laitance was present on the reference and the

photocatalytic product.

Example 2:

[0073] 50x50cm2 commercial grey pavement stones (Gammelrand Beton) were used to test
the photocatalytic activity of the photocatalytic composition applied to the not-yet-set concrete
pavement stone. The photocatalytic composition applied with spray nozzles on the not-yet-set

concrete blocks. 150 g/m? of photocatalytic dispersion (PD) was applied on each concrete
block with a hydraulic nozzle system. The photocatalytic dispersion was a 1.6 wt% water-based
TiO, dispersion stabilized to pH 10-11 with ammonia including 42 % diethylenglycol as

humectant and 5 % Disperbyk 191. The average particle size (of TiO5) in the dispersions

(measured by Volume with Nanotrac NPA 252) was measured to 22 nm. The final composition
had a pH of 8. The pavement concrete blocks were sprayed and left for ambient drying for 72
hours. After 72 hours, the concrete block was cut into 5x10 cm2 pieces and analysed
according to 1ISO 22197-1.

[0074] ISO 22197-1 test procedure: The NOx degrading performance of the sample was
tested according to 1ISO 22197-1. The initial concentration of NO was 1.0 ppm and the flow of
NO gas over the sample was 3 I/min. The concentrations of NO, NO5> and NOx were analysed

with a Horiba APNA NOXx analyzer model 370. The test cell was purchased from an accredited

institute. The light intensity was 1.0 mW/cm?2 UVA measured with a PMA 2110 UVA detector,
and the relative humidity was kept constant at 45% +5 %. The sample sizes in the test were

49x99mm?2. The results are shown in Table 2, both for the sample directly after production and
the same sample after 138 hr accelerated weathering according to EN1297:2004.

[0075] EN 1297:2004 Test Procedure. The EN 1297:2004 test weathering procedure consists

of a dry cycle followed by a wet spray cycle. The dry cycle is 300 min of 45 W/cm2 + 5 w/cm?
UVA (340 nm) and a chamber temperature of 60 °C (BST). The wet spray cycle is 60 min of

spraying de-ionized water (max conductivity of 500 uS/m) at a flow rate of 10 + 3 I/min/m? with
an initial temperature of the water of 25 £ 5 °C. The test is continued by repeating step 4 and 5
for a predetermined number of hours.

Table 2: NO degradation results after ISO 22197-1.
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NO activity [%]
Directly from Production 9.6 %
After 115 hr ageing (EN1297:2004) 9.0 %

[0076] The data in Table 2 show that photocatalytic concrete stone has a high NOx activity.
Furthermore, the activity after ageing is the same as for the sample before ageing. This means
that the photocatalytic particles are not only present as a coating layer but are incorporated in
the concrete layer and is not just washed away with water.

[0077] Although the present invention has been described in connection with the specified
embodiments, it should not be construed as being in any way limited to the presented
examples. The scope of the present invention is set out by the accompanying claim set. In the
context of the claims, the terms "comprising" or "comprises" do not exclude other possible
elements or steps. In addition, the mentioning of references such as "a" or "an" etc. should not
be construed as excluding a plurality. The use of reference signs in the claims with respect to
elements indicated in the figures shall also not be construed as limiting the scope of the
invention. Furthermore, individual features mentioned in different claims, may possibly be
advantageously combined, and the mentioning of these features in different claims does not

exclude that a combination of features is not possible and advantageous.

List of references used:

[0078]

1
Photocatalytic concrete product

2
First surface of photocatalytic concrete product
3
Section of photocatalytic concrete producing having nano sized photocatalytic particles
embedded
4
Droplets of dispersion containing nano sized photocatalytic particles
5
Spraying device, spraying the dispersion as droplet, atomized dispersion or a liquid
curtain.
6
Mould
7

Concrete filling device
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Compactor

Not-yet-set concrete
10
Conveyor
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Patentkrav

1. Fremgangsmade til fremstilling af fotokatalytisk betonprodukt (1), hvor naevnte
betonprodukt er fotokatalytisk ved at indeholde fotokatalytiske partikler i
nanostgrrelse indlejret i et afsnit (3) der inkluderer en fgrste overflade (2),
hvilken fremgangsmade omfatter:

- at tilvejebringe et endnu ikke stgrknet betonprodukt (1) som har en
fgrste overflade (2)

- at pafgre en dispersion indeholdende

- fotokatalytiske partikler i nanostgrrelse, sdsom

titaniumdioxidnanopartikler

- et solvent der inkluderer et fugtighedsbevarende stof valgt fra
gruppen af glycol, sdsom glycerol, 1,2-butandiol, 1,4-butandiol,
propylenglycol, dipropylenglycol, ethylenglycol, diethylenglycol,
triethylenglycol, hexasol, 1,5-pentandiol, 3-methyl-1,5-pentandiol,
isoprenglycol og/eller valgt fra gruppen af polyethere, sdsom
polyethylenglycoler, polypropylenglycoler,
polyethylenglycolmethylethere, polypropylenglycolmethylethere
og/eller valgt fra gruppen af aminer, sdsom ethanolamin,
propanolaminer, triethanolamin, polyetheraminer sdsom
polyoxyethylenaminer, polyoxypropylenaminer,
polyoxyethylenmonoaminer, polyoxypropylenmonoaminer

pa naevnte fgrste overflade (2) af det endnu ikke stgrknede
betonprodukt.

2. Fremgangsmade ifglge krav 1, hvor koncentrationen af det
fugtighedsbevarende stof i dispersionen er i omradet pa 1-99 vaegtprocent, sasom
i omradet pa 1-70 vaegtprocent, fortrinsvis i omradet pa 25-70 vaegtprocent,
sasom i omradet pa 25-60 vaegtprocent.

3. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor
dispersionen omfatter Ti02 i omradet pa 0,5-10 vaegtprocent elektrostatisk
stabiliseringsmiddel i omradet pa 0-5, sdsom i omradet pa 0-10 vaegtprocent,
sterisk stabiliseringsmiddel i omradet pa 0-5 vaegtprocent, sasom i omradet pa 0-
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10 vaegtprocent, fugtighedsbevarende stof i omradet pa 1-99 vaegtprocent sdsom
5-80 vaegtprocent, fortrinsvis 20-80 vaegtprocent, solvent, sdsom vand i omradet
pa 0-80 %.

4. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor naevnte
dispersion er en vandig dispersion.

5. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
dispersionen pafgres til navnte fgrste overflade i en maengde pa mindre end 200

ml/m2, sdsom 150 ml/m2, eksempelvis mindre end 100 ml/m2.

6. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor
dispersionen pafgres til naevnte fgrste overflade (2) ved at sprgijte dispersionen
som smadraber over pa naevnte farste overflade (2).

7. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor
betonprodukt tillades at stgrkne efter dispersionen er blevet pafgrt den fgrste

overflade.

8. Fremgangsmade ifglge et hvilket som helst af de foregdende krav 5-7, hvor
naevnte fotokatalytiske partikler i nanostgrrelse, fortrinsvis
titaniumdioxidnanopartikler, i det fgrste lag (3) er i en maengde pa 10 g/m2 eller
mindre, sasom 5 g/m?2 eller mindre, fortrinsvis 3 g/m?2 eller mindre, mere

fortrinsvis 2 g/m? eller mindre, mest fortrinsvis 1 g/m? eller mindre.

9. Fremgangsmade ifglge et hvilket som helst af de foregadende krav, hvor de
fotokatalytiske partikler i nanostgrrelse, fortrinsvis titaniumdioxidnanopartikler,
har en primeaer stgrrelse mindre end 50 nm, fortrinsvis mindre end 30 nm, mere

fortrinsvis mindre end 20 nm.

10. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, hvor de
fotokatalytiske partikler i nanostgrrelse, fortrinsvis titaniumdioxidnanopartikler,
har en agglomeratstgrrelse pd mindre end 300 nm, mindre end 200 nm, mindre
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end 100 nm, sdsom mindre end 80 nm fortrinsvis en aggregatstgrrelse pa mindre
end 60 nm, sdsom af mindre end 40 nm, og endnu mere fortrinsvis et aggregat

mindre end 30 nm, sdsom mindre end 20 nm.

11. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
vaegtforholdet mellem vand og cement er i omradet pa 0,3-0,7 v/c.

12. Fotokatalytisk betonprodukt omfattende:
- et stgrknet betonprodukt;

- fotokatalytiske partikler i nanostgrrelse indlejret i et fgrste afsnit (3) af
betonproduktet, hvor naevnte fgrste afsnit straekker sig fra en farste
overflade (2) og mindst 1 mm indad, sdsom mindst 2 mmm indad,

fortrinsvis mindst 5 mm indad, og

- et fugtighedsbevarende stof indlejret i et fgrste afsnit af betonproduktet
hvor naevnte fgrste afsnit straekker sig fra en forste overflade og mindst 1
mm indad, sdsom mindst 2 mmm indad, fortrinsvis mindst 5 mm indad
hvor det fugtighedsbevarende stof er en eller flere af glycol, sdsom
glycerol, 1,2-butandiol, 1,4-butandiol, propylenglycol, dipropylenglycol,
ethylenglycol, diethylenglycol, triethylenglycol, hexasol, 1,5-pentandiol, 3-
methyl-1,5-pentandiol, isoprenglycol, polyethylenglycoler,
polypropylenglycoler, polyethylenglycolmethylethere,
polypropylenglycolmethylethere og/eller aminer, sdsom ethanolamin,
propanolaminer, triethanolamin, polyoxyethylenaminer,
polyoxypropylenaminer, polyoxyethylenmonoaminer,
polyoxypropylenmonoaminer.

13. Fotokatalytisk betonprodukt ifglge krav 12, hvor naevnte fotokatalytiske
partikler i nanostgrrelse, fortrinsvis titaniumdioxidnanopartikler, er i en maangde
pa 10 g/m?2 eller mindre, sdsom 5 g/m?2 eller mindre, fortrinsvis 3 g/m?2 eller
mindre, mere fortrinsvis 2 g/m? eller mindre, mest fortrinsvis 1 g/m? eller mindre
i det fgrste lag (3).
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14. Fotokatalytisk betonprodukt ifglge krav 12 eller 13, hvor de fotokatalytiske
partikler i nanostgrrelse, fortrinsvis titaniumdioxidnanopartikler, har en primaer
stgrrelse mindre end 50 nm, fortrinsvis mindre end 30 nm, mere fortrinsvis

mindre end 20 nm.

15. Fotokatalytisk betonprodukt ifglge et hvilket som helst af de foregaende krav
12-14, hvor de fotokatalytiske partikler i nanostgrrelse, fortrinsvis
titaniumdioxidnanopartikler, har en agglomeratstgrrelse pa mindre end 300 nm,
mindre end 200 nm, mindre end 100 nm, sasom mindre end 80 nm, fortrinsvis en
aggregatstgrrelse pa mindre end 60 nm, sasom af mindre end 40 nm, og endnu
mere fortrinsvis et aggregat mindre end 30 nm, sdsom mindre end 20 nm.
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DRAWINGS

Fig. 3
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Fig. 4
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