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DESCRIPTION

[0001] The present invention relates to coated mineral particles for a wearing course, a
composition for making a wearing course, a wearing course, a poro-elastic road surface, a
floor, , to a method of making a poro-elastic road surface or a floor, and to the use of coated
mineral particles and/or a poro-elastic road surface for reducing traffic noise.

[0002] Composite materials composed of aggregate and a polymer have been used as a
construction material for several decades. E.g., DE 37 12 461 A1 (published in 1987) relates to
a hard covering of aggregate that is bonded by polyurethane to form a water-permeable
structure, e.g. for a road. US 5,262,240 describes a process wherein aggregate is coated with
a latex to provide the aggregate with a high level of resistance to stripping by water. WO
2015/059335 relates to rail infrastructure consisting of aggregates with a particle size
distribution of between 25 mm and 100 mm, covered with a polymer layer comprising a
solidified polymer and granular elastomeric material. No attention is paid in these documents to
noise effects of such materials.

[0003] There is a continuing desire in society to reduce noise from traffic. One way to
contribute to a noise reduction is to provide paving with improved acoustic performance.

[0004] Open-porous elastic paving is considered to be a promising paving type for noise
reduction; the open structure and elasticity contribute to a noise reduction. Therefore
RubberRollpave has been developed by Dura Vermeer. It consists of a mixture of rubber
particles, mineral particles and a polymeric binder (polyurethane). It is a prefab material, that is
manufactured under conditioned circumstances, rolled on a reel for transport and unrolled on
site. This product has satisfactory acoustic performance (8 dB(A) at 80 km/h), but it does
adhere less to the underlying base layer of the road after it has been applied to construct a
road. Also it may suffer from scuffing in the course of time. Therefore, RubberRollpave is
particularly suitable for a temporary road surfacing.

[0005] Mixtures of rubber particles and mineral aggregate particles in a curable polymer matrix
have also been proposed as paving compositions for in situ application in road construction. An
example thereof is described in EP 1 295 912 A1.

[0006] However, it has been found difficult to homogenously disperse rubber particles, e.g.
made from used tyres, and mineral particles in a polymer matrix. Moreover, such composition
has been found unsatisfactory in the preparation of wearing courses with a high interstitial void
content. It is considered that this is due at least partly to the following reason. In road
construction the composition for providing the wearing course is typically spread as a layer on
top of a support layer (the base course), after which layer formed of said composition is
subjected to compaction (rolling). Under influence of the pressure, a fraction of the rubber
particles is forced out of the matrix into the interstitial voids. Hereby, the contribution of the
rubber to noise reduction is reduced, because these rubber particles do not contribute (as well)
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to noise reduction. Further, an often occurring problem in open-porous elastic road surfaces is
excessive stresses and deformation because of the inhomogeneous dispersion of the rubber
particles. Hereby the polymer matrix can be damaged. Further, related to the chosen binder an
occurring problem in open-porous elastic road surfaces is visco-elastic creep.

[0007] It is a challenge to provide means that can be used to prepare open-porous elastic road
surface - generally referred to in the art as Poro-Elastic Road Surfaces [PERS] - having good
acoustic performance and a good life-time. On the one hand, high interstitial void volume and
high elasticity are advantageous for noise reduction; on the other hand high interstitial void
volume and high elasticity generally have an adverse effect on life-time. In particular, known
compositions for preparing a PERS have been found unsatisfactory in terms of robustness,
due to unsatisfactory adhesion to the underlying layer, scuffing, tearing, as a result of
unsatisfactory compatibility of the components of the composition, problems during application
of the composition or a low strength.

[0008] It is an object of the invention to provide an alternative for known materials to prepare a
PERS, in particular an alternative that overcomes one or more of the above mentioned
drawbacks or that offers one or more of the advantages mentioned herein below. More in
particular, it is an object to provide a paving with good acoustic properties and a prolonged life-
time or with improved acoustic properties at a similar life time than known paving such as
mentioned above.

[0009] It is further an object to provide an alternative for known materials for preparing a floor,
in particular a floor of a building frequented by large numbers of people, such as public
buildings, shopping centres, leisure centres, sports centres, cultural centres and the like. Such
buildings would also benefit from floors with improved acoustic performance , improved
mechanical performance or having a reduced risk of slipperiness, when exposed to water.

[0010] The inventors have realised that it is advantageous to provide mineral particles and
elastic polymer for a paving in a specific manner.

[0011] Accordingly, the present invention relates to coated mineral particles for a wearing
course, the coated mineral particles comprising a mineral core (1) and an elastic polymer
coating (2b), characterized in that the coated mineral particles have a size, as determinable by
sieving using a sieve with square mesh, of 10 mm or less, and in that the coating (2b) is
composed of microparticles of a first polymer, in a matrix of a second polymer.

[0012] Further, the invention relates to a composition for making a wearing course, comprising
coated mineral particles according to the invention and a binder for binding the coated particles
together.

[0013] Further, the invention relates to a wearing course composed of coated particles
according to the invention or made from a paving composition according to the invention.
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[0014] Further, the invention relates to a poro-elastic road surface or a floor comprising a
wearing course according to the invention.

[0015] Further, the invention relates to a method for making a poro-elastic road surface or
floor according to the invention, comprising applying a layer comprising coated particles
according to the invention or a layer comprising a composition according to the invention to a
surface of a base course and binding the particles to form the poro-elastic road surface on the
base course.

[0016] The invention provides a way to provide a PERS with satisfactory life-time and acoustic
properties, in particular a PERS which is improved in at least one of these aspects. In addition,
a PERS according to the invention has advantageous water drainage properties, due to its
open-porous nature.

[0017] The coated particles are also suitable for use in the preparation of other surfaces than
PERS. In principle, they may be used for any infrastructural surface. In particular, the coated
particles may be used for a wearing course of a floor of a building or of an outdoor paved area,
such as a yard. In particular the particles may be used for the construction of a floor of a
construction selected from the group of public buildings, shopping malls, sports-centres, leisure
centres, exposition centres and the like. Advantageous properties like acoustic performance,
mechanical performance or porosity are also of interest for such wearing courses. The porosity
reduces the risk of slippery floors, when wet.

Figure 1 schematically shows coated particles and a PERS according to the invention. The
PERS comprises a wearing course (3) upon a base course (4). The coated particles comprise
a mineral core (1) and an elastic polymer coating (2a). Coating layer (2a) is an optional
adhesive layer. To make a wearing course, the coated particles are usually bound together by
an elastic polymer binder, which is coated to the outer surface of the coated mineral particles
(2c). The layer 2c can be applied at the road construction site, or in a factory (from which it
typically will be transported to the road construction site within a couple of hours, i.e. before the
cinder layer cures fully).

Figures 2 and 3 show photographs of a part of a PERS upon a base course according to the
invention (top view and side view respectively).

Figure 4 schematically shows the production of coated mineral a method for preparing a PERS
according to the invention.

Figure 5 schematically shows a schematic configuration detail of coated mineral particles
bonded together.

[0018] The term "or" as used herein means "and/or" unless specified otherwise.

[0019] The term "a" or "an" as used herein means "at least one" unless specified otherwise.
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[0020] When referring to a "noun” (e.g. a compound, an additive efc.) in singular, the plural is
meant to be included, unless specified otherwise.

[0021] The term "substantial(ly)" or "essential(ly)" is generally used herein to indicate that it
has the general character or function of that which is specified, for instance when referring to
essentially spherical it means that it has at least the general appearance of a sphere. When
referring to a quantifiable feature, these terms are in particular used to indicate that it is for
more than 50 %, in particular at least 75 %, more in particular at least 90 %, even more in
particular at least 95 % of the maximum that feature. When referring to an amount-related
feature, the amount in terms of weight is meant, unless specified otherwise.

[0022] When using the term 'about’ this in particular signifies a deviation of 10 % or less, more
in particular of up to 5 %, more in particular of up to 3 %, more in particular up to 2 % from the
indicated value.

[0023] When referring to a size or diameter, the size as determined by sieving using a sieve
with square mesh is meant, unless specified otherwise.

[0024] Within the context of the invention, a polymer coating respectively a wearing course or
a road surface is elastic in particular in that it at least shows elastic behaviour when a force is
applied in direction perpendicular to its surface (i.e. in the vertical direction in case of a
horizontal road surface), typically a force comparable to forces that are applied during normal
use of a motorway (forces applied by cars and trucks on the road). Preferably, an elastic
coating or road surface shows elastic behaviour in any direction.

[0025] For the purpose of clarity and a concise description, features are described herein as
part of the same or separate embodiments, however, it will be appreciated that the scope of
the invention may include embodiments having combinations of all or some of the features
described.

[0026] The term mineral is generally used in the art for inorganic materials that are solid under
temperature conditions existing in a terrestrial climate (typically below 100 °C) and suitable for
use in construction of infrastructural elements, such as roads. The mineral core is usually
selected from construction aggregate materials known for preparing wearing courses. Suitable
mineral aggregate particles include natural mineral aggregates, which may be particles of
sedimentary calcareous rocks, particles of igneous rocks, particles of metamorphic rocks and
artificial mineral aggregates. Preferred natural mineral aggregates are limestone, dolomite,
gravel, granite, basalt, porphyry and quartzite minerals. Preferred artificial materials, suitable
for the mineral core, are slag, in particular steel slag, and refractory ceramic materials, in
particular alumina. The ceramic is preferably in the form of ceramic balls, in particular alumina
balls. The alumina, preferably is alpha-alumina. The ceramic balls are usually made from
industrial alumina and other refractory raw materials by cool isostatic pressing and high
temperature (e.g. at about 1480°C) using kiln firing and sintering. Suitable ceramic balls are
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commercially available, e.g. from HuaMing Alumina (China), which supplies alumina balls

having high density (3.6 g/lcm?®), ultrahigh hardness (Mohs scale 9).

[0027] The coated mineral particles are at least substantially coated with an elastic polymeric
coating. The coating adds resilience to the particles. The inventors found that the coating in
particular improves the mechanical impedance, popularly referred to as the hammer effect of
traffic. Mechanical impedance is one of the important contributors to traffic noise. The effect of
mechanical impedance is in practice tested by providing a PERS (or other surface of an
infrastructural element) on a square 50 cm x 50 cm concrete tile having a thickness of 5 cm
and measuring the impedance at 20°C , using a 5.5 kg hammer with an impact frequency of
100-800 Hz. Alternatively, a method with mechanic agitator can be used for measurements in
the frequency range of 125-4000 Hz.

[0028] Although it is contemplated that the mineral core of the particles does not have to be
covered completely in order to have a positive effect, a higher coverage degree is generally
thought to be more effective, and therefore it is preferred that the core is essentially completely
covered with the elastomer coating.

[0029] As will be understood by the skilled person, the elastic polymer coating preferably has a
glass transition temperature below the lowest temperature that is generally encountered in the
area in which the particles are applied, in particular at least 5 °C below such temperature. Thus
a preferred glass transition temperature depends on the climate in which the invention is
employed. Preferably the elastic polymer coating has a glass transition temperature below -20
°C, in particular below -30 °C, more in particular below -40 °C.

[0030] The elastic polymer coating usually has a hardness in the range of 60-80 Shore A,
preferably of about 70 Shore A. Shore hardness can be determined on the basis of ASTM
D2240.

[0031] Preferably, the elastic polymer coating comprises microparticles of an elastomer,
selected from the group of copolymers of styrene and butadiene [SB], such as poly(styrene-
butadiene-styrene) [SBS]; natural rubber; alkylene-vinyl carboxylates polymers, such as
ethylene-vinyl acetate [EVA] and maleic anhydride-grafted EVA [MA-EVA]; ground tire rubber
[GTR]; and combinations thereof. Good results have in particular been achieved with GTR
microparticles.. Apart from favourable technical characteristics, GTR is advantageous because
it is readily available and adds a useful purpose to this waste material. GTR microparticles can
be obtained from commercially available GTR, e.g., by cryogenic grinding.

[0032] The elastomeric microparticles may comprises one or more additives, generally known
in the art of rubber manufacturing, such as one or more fillers, e.g. sooth or silica.

[0033] The elastomeric microparticles further function as additional barrier between the
mineral cores. That is: they prevent the mineral cores from contacting each other, thereby
contributing to the noise reduction. They also act as impact modifier and increase the
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toughness and mechanical strength of the coating layer.

[0034] The microparticles can be prepared by crosslinking the elastomer, followed by milling
and sieving the crosslinked elastomer in order to obtain microparticles with a diameter in the
above-mentioned size range.

[0035] The elastomers can be crosslinked using any crosslinking technique suitable for the
specific elastomer. SB, for instance, can be cured by conventional sulphur cure techniques.
EVA and MA-EVA can be crosslinked by treatment with a peroxide. Examples of suitable
peroxides for this purpose are 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane, 1-di(tert-
butylperoxy)-3,3,5-trimethylcyclohexane, butyl 4 4-di(tert-butylperoxy)valerate,  di(tert-
butylperoxyisopropyl)benzene, and dicumylperoxide.

[0036] Besides contributing to mechanical properties, the microparticles of the elastomer have
been found to offer an advantage during processing of the coated mineral particles, as they
contribute to obtaining coated mineral particles that have reduced or no stickiness at ambient
temperature. Thus, the presence of the microparticles of the elastomer is advantageous to
provide coated mineral particles with desirable flowing properties, prior to using the mineral
particles in the formation of a PERS or (a wearing course of) another infrastructural element..

[0037] In principle, the coating method may be applied using a coating technology which is
known per se, e.g. from Seeds Handbook Processing and Storage, B.W. Desai ISBN
0824700422. Particularly suitable is drum coating.

[0038] In an embodiment, the surfaces of the mineral particles are provided with a
polymerisable composition comprising monomer or prepolymer for forming the coating, after
which the composition is polymerised to form the coating.

[0039] In particular, the mineral particles are coated with microparticles of first polymer,
preferably the elastomer, in particular crosslinked elastomer, and a second curable polymer or
curable polymerisable composition, after which the dispersion of both is subjected to curing,
whereby the coating is formed. In an alternative embodiment, the mineral particles are coated
with said curable polymer or curable polymerisable composition without the microparticles of
the first polymer.

[0040] As used herein, microparticles are particles having a 'longest enveloping circle'
diameter smaller than 500 uym, in particular 1-300 ym, more in particular 40-150 um, as
determinable by (electron) microscopy.

[0041] Thus, in an advantageous embodiment, the coated mineral particles have an elastic
polymer coating comprising microparticles of a first polymer, preferably elastomer particles,
more preferably crosslinked elastomer particles, in particular GTR, in a matrix of a second
polymer. Thus, the microparticles and the matrix of the second polymer form a composite
material. As an alternative to GTR, e.g. crosslinked MA-EVA may be used.
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[0042] The second polymer is usually selected to be compatible with the microparticles of the
first polymer (satisfactory dispersibility and adherence) and with the mineral aggregate
material. If desired, an adhesive layer (2a), e.g. an epoxy layer, is provided on the surface of
the mineral aggregate (1) to improve binding with the elastic polymer coating (2b) (See Figure

1.

[0043] In a preferred embodiment, said second polymer is a polyurethane. Polyurethanes
belong to the class of compounds called reaction polymers. Polyurethanes show good elastic
properties and binds the mineral aggregate very well, such that the tendency for the mineral
aggregate to migrate out of the composite material. The polyurethane may be a homopolymer
or a copolymer. The properties of the polyurethane elastomer is tailored by choosing the
molecular chain structure and the content of the hard(di-isocyanate) and the
soft(polyol)segments.

[0044] The preparation of polyurethanes is well known. Polyurethanes are produced by
reacting an isocyanate containing two or more isocyanate groups per molecule (R-(N=C=0)n =
2) with a polyol containing on average two or more hydroxy groups per molecule (R'-(OH)n =
2), in the presence of a catalyst or by activation with ultraviolet light.

[0045] Long, flexible segments, contributed by the polyol, give soft, elastic polymer. High
amounts of crosslinking give tough or rigid polymers. Long chains and low crosslinking give a
polymer that is very stretchy; short chains with lots of crosslinks produce a hard polymer while
long chains and intermediate crosslinking give a polymer useful for making foam.

[0046] Suitable isocyanates include aromatic isocyanates, such as diphenylmethane
diisocyanate (MDI) and toluene diisocyanate (TDI), and aliphatic isocyanates, such as 1,6-
hexamethylene diisocyanate (HDI), isophorone diisocyanate (IPDI) and 4,4'-diisocyanato
dicyclohexylmethane (hydrogenated MDI). It is also possible to use an isocyanate with more
than two isocyanate groups per molecule, such as polymeric diphenylmethane diisocyanate,
which is a mixture of molecules with two, three, four, or more isocyanate groups.

[0047] Chain extenders (functionality = 2) and cross linkers (functionality = 3 or higher) are
typically hydroxyl or amine terminated compounds that can be used to modify the polymer
morphology of polyurethane. The elastomeric properties of these materials are derived from
the phase separation of the hard and soft copolymer segments of the polymer, such that the
urethane hard segment domains serve as cross-links between the amorphous polyether (or
polyester) soft segment domains. The soft segments, which are formed from relatively high
molecular weight polyols, are mobile and are normally present in coiled formation, while the
hard segments, which are formed from the isocyanate and chain extenders, are stiff and
immobile. Because the hard segments are covalently coupled to the soft segments, they inhibit
plastic flow of the polymer chains, thus creating elastomeric resiliency. Upon mechanical
deformation, a portion of the soft segments are stressed by uncoiling, and the hard segments
become aligned in the stress direction. This reorientation of the hard segments and



DK/EP 3344707 T3

consequent powerful hydrogen bonding contributes to high tensile strength, elongation, and
tear resistance values. The choice of chain extender also determines flexural, heat, and
chemical resistance properties. The most important chain extenders are ethylene glycol, 1,4-
butanediol (1,4-BDO or BDO), 1,6-hexanediol, cyclohexane dimethanol and hydroquinone
bis(2-hydroxyethyl) ether (HQEE). All of these glycols form polyurethanes that phase separate
well and form well defined hard segment domains, and are melt processable.
Diethyltoluenediamine is particular suitable for polyurethane elastomer formulations.

[0048] Specific examples of chain extenders include ethylene glycol, diethylene glycol,
triethylene glycol, tetraethylene glycol, propylene glycol, dipropylene glycol, tripropylene glycol,
1,3-propanediol, 1,3-butanediol, 1,4-butanediol, neopentyl glycol, 1,6-hexanediol, 1,4-
Cyclohexanedimethanol, HQEE, ethanolamine, diethanolamine, methyldiethanolamine,
phenyldiethanolamine, diethyltoluenediamine, dimethylthiotoluenediamine

[0049] Specific examples of crosslinkers include glycerol, trimethylolpropane, 1,2,6-
hexanetriol, triethanolamine, pentaerythritol, N,N,N',N'-tetrakis (2-hydroxypropyl)
ethylenediamine.

[0050] The preparation of polyols is well known. Suitable polyols include polyether polyols and
polyester polyols. Polyether polyols are usually made by polymerizing one or more alkylene
oxides, such as ethylene oxide, propylene oxide or butylene oxide. A much used polyol is
obtained by co-polymerizing ethylene oxide and propylene oxide with a suitable polyol
precursor. Polyester polyols are made similarly to polyester polymers. Polyols used to make
rigid polyurethanes relatively short chain lengths , while those used to make flexible
polyurethanes have relatively large chain lengths.

[0051] The polymerisation reaction to prepare polyurethane is generally catalysed by a
catalyst or promoted by ultraviolet light.

[0052] Typical catalysts for use in the preparation of polyurethane are selected from the group
of amine compounds and metal based catalysts, such as metal complexes. Conventional
amine catalysts are tertiary amines such as ftriethylenediamine (TEDA, 1,4-
diazabicyclo[2.2.2]octane or  DABCO), dimethylcyclohexylamine (DMCHA), and
dimethylethanolamine (DMEA). Tertiary amine catalysts are selected based on whether they
drive the urethane (polyol+isocyanate, or gel) reaction, the urea (water+isocyanate, or blow)
reaction, or the isocyanate trimerization reaction (e.g., using potassium acetate, to form
isocyanurate ring structure). Secondary amines that contain a hydroxyl group or secondary
amines, which react into the polymer matrix, can also be used as a catalyst, thereby reducing
the amount of amine that can come out of the polymer.

[0053] Preferred metal complexes for use as a catalyst in the polyurethane preparation are tin
complexes, in particular dibutyltin dilaurate, and bismuth complexes, in particular bismuth
octanoate.
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[0054] Optionally a surfactant is used to modify the characteristics of the polyurethane
polymer. Examples thereof include polydimethylsiloxane-polyoxyalkylene block copolymers,
silicone oils and nonylphenol ethoxylates. A surfactant may e.g. be used to as air release
agent, as anti-foaming agent, as wetting agent or to avoide surface defects.

[0055] Epoxy bitumen is another preferred second polymer for the matrix wherein the coated
particles are embedded.

[0056] The weight to weight ratio of the first polymer (elastomeric microparticles) to said
second polymer (matrix polymer) is preferably 1:2 to 5:1, more preferably 0.75:1 to 4:1, in
particular 1:1 to 2:1, more in particular about 1.25:1.

[0057] In addition to the second polymer, such as polyurethane, and the microparticles, said
elastic polymer coating may contain aminopropyl silane, which may improve the adhesion with
the mineral particles. It may also comprise fibres, e.g. aramid, polyester, or rayon fibres, in
order to improve the mechanical strength of the coating layer. Such fibres preferably have a
size of about 8 mm or less, more preferably of 1-6 mm, in particular 3-4 mm. Said size of the
fibres is the size as determinable by microscopy, using the longest enveloping circle.

[0058] The microparticles are preferably present in the matrix of second polymer in a weight
fraction of 25-75 wt%, more preferably 35-70 wt% most preferably 45-65 wt%, based on the
total weight of the microparticles plus the second polymer. The microparticles are usually
essentially fully embedded in the matrix. Accordingly, the outer-surface of the coating is
generally at least substantially free of microparticles substantially protruding from the outer
surface. Thus, advantageously, the microparticles do not significantly alter the surface
roughness of the coating. In view thereof, preferably 90-100 vol % of the microparticles has a
diameter that is less than half the thickness of the elastomer coating layer, more preferably
less than one third the thickness of the elastomer coating layer, in particular less than one
fourth the thickness of the elastomer coating layer.

[0059] In an embodiment wherein microparticles are protuberant, the degree of protuberance
is typically less than 50 % of the microparticle diameter, in particular less than 20 % of the
microparticles.

[0060] The weight to weight ratio of elastic polymer coating to mineral particle usually is in the
range of 25:75 to 55:45, preferably in the range of 30:70 to 50:50, in particular in the range of
35:65 to 45:55. As a rule of thumb, the higher the density of the mineral aggregate, the lower
the weight fraction of the coating needs to be in order to achieve a specific degree of coverage
with the coating and thickness of the coating. In particular for steel slag, the weight to weight
ratio of elastic polymer coating to mineral particle usually is in the range of 10:90 to 40:60,
preferably in the range of 15:85 to 35:65, in particular in the range of 20:80 to 30:70.

[0061] In terms of total weight, the mineral content of the particles usually is 60-90 wt. % based
on the total weight of the particles, preferably 65-85 wt. %, in particular 70-80 wt. %, based on
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the total weight of the particles.

[0062] The elastic polymer coating content of the particles usually is 5-50 wt. %, based on the
total weight of the particles, preferably the 10-45 wt. %, more preferably 10-40 wt. %, in
particular 15-35 wt. %, more in particular 20-30 wt. %, based on the total weight of the
particles. The balance of the weight of the particles, if any, is formed of one or more optional
components, such as components forming one or more optional layers, in particular one or
more layers selected from the group of adhesive layers or adhering elastomer coating to the
core, a layer with binding agent for binding coated mineral particles to each other and a sealing
layer.

[0063] The elastomer coating layer usually has a thickness of less than 1 mm, in particular of
10-700 pm, more in particular of 80-500 um.

[0064] In an embodiment, the elastomer coating layer is directly attached to the surface of the
mineral particles, e.g. as described above.

[0065] In a specific embodiment, an intermediate adhesive layer (layer (2a) in Figure 1) is
present between the core and the elastic polymer coating. Depending on the core material and
the elastic polymer - particularly the second polymer matrix - suitable adhesive materials may
be selected based on known adhesives and the information disclosed herein. In particular, a
preferred adhesive material for the adhesive layer between the core and the elastomer is an
epoxy adhesive with silane or amine coupling agent groups.

[0066] Epoxy resins are well known. In an advantageous embodiment, the epoxy resin is
selected from the group consisting of bisphenol A epoxy resin, bisphenol F epoxy resin,
Novolac epoxy resin, aliphatic exoxy resins and glycidylamine epoxy resins.

[0067] Aliphatic epoxy resins are typically formed by glycidylation of aliphatic alcohols or
polyols. The resulting resins may be monofunctional (e.g. dodecanol glycidyl ether),
difunctional (butanediol diglycidyl ether), or higher functionality (e.g. trimethylolpropane
triglycidyl ether). An aliphatic epoxy resin is usually used in combination with another epoxy
resin, in particular to modify (reduce) the viscosity of other epoxy resins. A sub-class of
aliphatic epoxy resins is formed by the cycloaliphatic epoxy resins, which contains one or more
cycloaliphatic rings in the molecule (e.g. 3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane
carboxylate). These offer significantly higher temperature resistance than the non-cyclic
aliphatic epoxy resins.

[0068] Glycidylamine epoxy resins are formed when aromatic amines are reacted with
epichlorhydrin. Specific examples include triglycidyl-p-aminophenol (functionality 3) and
N,N,N,N-tetraglycidyl-4,4-methylenebis benzylamine (functionality 4).

[0069] For strong mechanical, chemical and heat resistance properties linear epoxy resins can
be cured to form three-dimensional cross-linked thermoset structures. Curing may be achieved



DK/EP 3344707 T3

by reacting an epoxy with itself (homopolymerisation) or by forming a copolymer with
polyfunctional curatives or hardeners. In principle, any molecule containing a reactive
hydrogen may react with the epoxide groups of the epoxy resin. Common classes of hardeners
for epoxy resins include amines, acids, acid anhydrides, phenols, alcohols and thiols. The
epoxy curing reaction may be accelerated by addition of small quantities of accelerators.
Tertiary amines, carboxylic acids and alcohols (especially phenols) are effective accelerators.

[0070] When preparing a wearing course, in particular when preparing a PERS, the coated
mineral particles are usually subjected to a bonding step. For this, usually a binder is used. In
specific embodiment, the binder has a good affinity with the coated mineral particles. If
present, the binder preferably, is present in a binding layer (layer (2¢) in Figure 1), comprising
the binder. The binder layer is more remote from the core than the elastic polymer coating.
Binders may be selected from known binding agents for wearing coarse compositions based
on mineral aggregate and rubbers. They are generally selected from binders that adhere well
to the coated particles. Thus, in particular a binder may be used that is of the same polymer
class as the polymer used for the coating of the particles. Suitable binders include bitumen
based binders and polyurethane based binders. A preferred bitumen based binder is epoxy-
bitumen. Polyurethane may advantageously be applied as such or in combination with another
binder, such as a polyurethane-bitumen binder. Polyurethane-bitumen is a particularly
preferred binder for binding the coated particles.

[0071] In an advantageous embodiment, the binder is present in a composition further
comprising a additive for modifying the binding properties of the binder. In particular an
adhesion promoter may be present. Such agents are generally known in the art.

[0072] The adhesive layer (2a) and the binding layer (2¢) may be useful in improving the
strength of the system; in particular its resistance to delamination as a result of mechanical
friction, weather conditions (e.g. frost, rain, humidity). In order to resist delamination, the
interfaces between the mineral particles and the coating layer(s) must be very strong. The
adhesive and binding layers can improve this interaction.

[0073] It is also possible to use one or more additives to improve the interfaces (in particular
adherence) between two material phases in coated particles or a wearing course, in particular
for a PERS, according to the invention. These interfaces are schematically shown in Figure 5.

[0074] The adhesion at the interface between mineral particle (1) and adhesive layer (2a) or
(in the absence of layer 2a) between mineral particle (1) and elastic coating (2b) can be
improved by a coupling agent, such as a silane coupling agent. Preferred silane coupling
agents, in particular for an interface between the mineral and a polyurethane or epoxy based
layer, are amino silanes, such as aminoalkyl(tri-alkoxy)silanes and mercapto silanes, such as
mercapto-alkyl(tri-alkoxy)silanes (see also above). In particular, preferred are 3-amino propyl
(tri-methoxy) silane; 3-mercapto propyl(tri-(methoxy) silane, 3-amino propyl (tri-ethoxy) silane;
and 3-mercapto propyl(tri-ethoxy) silane.
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[0075] For improvement of the adhesion at the interface between adhesive layer (2a) and
elastic coating (2b) in particular an agent may be used selected from the group consisting of
bis polyamines, tris poly amines; bis poly alcohols, tris polyalcohols, polythiols and poly
isocyanates.

[0076] For improvement of the adhesion at the interface between elastomeric microparticles
(EP) and elastic coating (2b) in particular an agent may be used selected from the group
consisting of bis polyamines, tris poly amines; bis poly alcohols, tris polyalcohols, polythiols and
poly isocyanates.

[0077] For improvement of the adhesion at the interface between binder (2c) and elastic
coating (2b) in particular an agent may be used selected from the group consisting of bis
polyamines, tris poly amines; bis poly alcohols, tris polyalcohols, polythiols and poly
isocyanates.

[0078] As an alternative to added coupling agents, or in addition thereto, for improving
interaction at the interface of two polymeric phases, an excess of one of the components can
be provided in both the phases such that residual functional groups of one phase at the
interface can react with residual functional groups of the other phase at the interface. The
skilled person will know how to select which component to use in excess on the basis of the
information disclosed herein in combination with common general knowledge. E.g. in an epoxy
resin and polyurethane system residual functional groups can react with a cross-linker or resin
of the other system. In this way also a gradual change in properties between the systems can
be achieved.

[0079] For an advantageous acoustic performance, in particular of a PERS according to the
invention, in general, the coated mineral particles have a size, as determined by sieving using
a sieve with square mesh, of 10 mm or less, Usually, the size of the coated mineral particles is
at least 1 mm. Preferably, the size of the coated mineral particles is in the range of 3-9 mm, in
particular in the range of 4-7 mm.

[0080] In order to provide particles suitable for constructing a wearing course, in particular for
a PERS, with a desirable open-porous character, a plurality of the coated mineral particles of
the invention usually has a interstitial void fraction, when packed together in a random close
packing (RCP), of more than 20 %, preferably of preferably 22-35 %, in particular of 24-32 % .
The interstitial void fraction can be determined routinely, by filling a container randomly with the
particles, and then the container is shaken or tapped until the objects do not compact any
further, at this point the packing state is RCP. The interstitial volume fraction can then be
determined by determining the volume of fluid the is needed to fill the interstitial volume and
divide it by the volume of the container filled with the particles.

[0081] The skilled person will be able to provide a plurality of particles with a desired interstitial
void fraction, based on common general knowledge, the information disclosed herein, the
information disclosed in the prior art cited herein and optionally a limited amount of routine
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testing. One way to provide a plurality of particles with a relatively high interstitial void fraction
is to provide particles with a relatively homogeneous particle size distribution.

[0082] Preferably, 90-100 % of the volume, more preferably at 95-100 %, in particular 99-100
% of the volume of the particles is formed by particles having a size in the range of 1-10 mm.

[0083] Preferably, 80-100 % of the volume, more preferably 90-100 %, in particular 98-100 %
of the volume of the particles is formed by particles having a size in the range of 3-9 mm.

[0084] Preferably, 70-100 % of the volume, more preferably 80-100 %, in particular 90-100 %,
more in particular 95-100 % of the volume of the particles is formed by particles having a size
in the range of 4-7 mm.

[0085] The geometry of the coated particles can also have an effect on the interstitial void
fraction. In particular, advantageous are coated particles of which the core is made of crushed
natural or artificial mineral. Crushing generally gives rise to a plurality of particles with irregular
geometry, contributing to a good interstitial void volume.

[0086] Further, the invention relates to a composition for making a wearing course comprising
coated mineral particles according to the invention and one or more other components for use
in the construction of an infrastructural element, preferably a PERS. Suitable further
components are known in the art for wearing courses. Such components may in particular be
selected from the group of binders for aggregate particles, binding modifiers and pigments.

[0087] In a preferred embodiment, the composition for making a wearing course comprises a
separate binder (not forming part of the coated particles), which may be a binder as described
elsewhere herein. A polyurethane-bitumen is a preferred binder in the composition. Preferably,
the binder is present in combination with one or more binding modifiers, as described
elsewhere herein. If present, the weight to weight ratio of the binder (separate from binding
agent forming part of the coated mineral particles) to coated mineral particles preferably is
5:95 to 15:85.

[0088] A PERS or other surface of an infrastructural element according to the invention
typically comprises an open-porous elastic layer composed of coated particles according to the
invention or made with a composition according to the invention.

[0089] For good acoustic performance, a PERS or surface of another infrastructural element
usually has an average thickness of more than 10 mm. The thickness usually is about 4 cm, or
less. Above a thickness of 4 cm the additional contribution to noise reduction, if any is usually
relatively small. Preferably the thickness is in the range of 1-3 cm, in particular in the range of
1-2 cm. For good acoustic performance - on average - the thickness of the wearing coarse is
usually at least 1.5 times the size of the coated particles, preferably at least 2.0 times the size
of the coated particles, in particular 2.5-4 times the size of the coated particles.
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[0090] The surface of the infrastructural element, in particular the PERS usually has an
interstitial void content of more than 20 %, preferably of 22-35 %, in particular of 24-32 %, e.g.
about 28 %.

[0091] Usually, the PERS comprises

s 50- 80 wt. %, preferably 60-75 wt. % mineral

o 20-40 wt. %., preferably 25-35 wt. % organic polymers (elastic polymeric coating
material (elastomeric microparticles and matrix polymer), binder)

s 0-15wt. %, preferably 0.1-5 wt. % other components.

[0092] In an advantageous embodiment, a surface made with coated particles according to the
invention, such as a PERS, has improved mechanical impedance compared to a comparable
surface made with uncoated mineral aggregate particles that has otherwise essentially the
same composition.

[0093] Advantageously, a road surface according to the invention offers a noise reduction of at
least about 10 dB, compared to a reference road surface (ISO 10844 0/8), based on a traffic
mix of 85% Light motorised vehicles, and 15% heavy motorised vehicles moving with a velocity
of 115 and 85 km/hr respectively (the so called IPG-mix from Innovatieprogramma geluid,
httt)://www.innovatieprogrammageluid.nl/). Noise reduction is determinable with the AOT
(Acoustic Optimisation Tool, http://mww.speron.net/index.html).

[0094] If desired, on the outer (upper) surface of a surface made with coated particles
according to the invention, such as the poro-elastic road surface, an additional material is
provided to improve skid resistance to the surface. For this, a conventional top layer material
can be used, such as mineral aggregate e.g. sand, or artificial aggregate. The particles for this
top layer are typically much smaller than the mineral cores. It is also possible to use fibrous
materials, in particular fibres of an organic polymer, such as aramid fibres to improve skid
resistance.

[0095] The coated particles are preferably used for making a poro-elastic surface of a road. In
view of improving acoustic performance, in particular motor ways are considered to benefit
from the invention.

[0096] Other infrastructural elements can adequately be provided with coated particles or a
composition of the invention. In a specific embodiment, the wearing courses is selected from
the group of wear courses of parkings, dockyards and airport-runways. Further, the particles in
particular are useful to provide floors, such as floors of buildings, such as shopping-malls,
sports-centres, exposition centres, cultural centres, leisure centres, public buildings, etc.
Further, the particles in particular are useful for providing an outdoor paved area, such as a
parking area, a yard, a paved sports court, a playground.
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[0097] As mentioned above, the invention further relates to a method for making a poro-elastic
surface, in particular a wearing course of a road having a poro-elastic road surface.

[0098] The wearing course is the upper layer in a roadway, airfield, dockyard construction,
an(other) paved area or the upper layer of a floor. The wearing course is typically placed on
the base course, which is normally placed on the sub-base, which rests on the subgrade.

[0099] The coated particles or the composition for making a wearing course can be applied by
spreading, based on known technology , whereby a surface layer of the particles/composition
is formed.

[0100] The applied layer is then usually subjected to compacting, in particular by rolling, which
is also a commonly known technique.

[0101] Once the particles are properly distributed on the support layer, the binding is carried
out.

[0102] The invention is now illustrated by the following example.

Examples

Example 1: preparation of an EVA for the elastomeric polymer particles (EP).

[0103] An Agila two-roll mill (70/70°C) was used for making a mixture of 225 parts by weight
EVA (Escorene ultra UL0O0328, Exxon Mobile), 75 parts by weight ethylene acrylate based
terpolymer (Lotader E-EA-MAH 4700, Arkema) and 9 parts by weight peroxide based curing
agent (Perkadox 14-40B-pd, AkzoNobel). Curing behaviour was measured on an Alpha
Technologies MDR2000OE Rheometer at 180°C. Sheets were compression moulded at 180°C
for 25 minutes in a mould of 5mm thickness. Granulate was made by cryogenic grinding (to
particle size of less than 0.5 mm).

Example 2: Preparation of GTR elastomeric polymer particles (EP)

[0104] Commercially available GTR was purchased and subjected to cryogenic grinding to
obtain GTR microparticles.

Example 3: method for making coated mineral particles and a PERS according to the
invention.
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[0105] Figure 4 schematically illustrates an off-site method for preparing coated mineral
particles according to the invention (11) combined with a method for making a PERS according
to the invention (12). It is also possible to combine preparation of coated and mineral particles
and the method for making a PERS (20) at a road construction site.

[0106] The (pre)fabrication of the coated mineral particles (MP) is done by drying the non-
coated mineral particles in a drum dryer (13), wherein the particles are contacted with hot air.
Before cooling down an adhesion promotor (AP) is preferably added, which adheres to the
surface of the mineral particles ("1’ in Figure 1) to form an adhesive layer ('2a' in Figure 1). In
the coating unit (14), usually a batch coating unit, the polyurethane (PU) or other matrix
polymer (second polymer) and the elastomer microparticles (EP) are dosed to form an elastic
coating ('2b in Figure 1) around the individual mineral particles. After curing in a curing drum
(15) the coated mineral particles (CMP) are stored in a bulk storage (21), from which they can
be loaded in a bulk-truck (16). By bulk-truck delivery (16') the coated mineral particles (CMP)
are transported to the finishing unit at the jobsite. The finishing unit is a self-propelled unit with
dosing and storage units for the coated mineral particles (22) and dosing and storage units for
the elastic binder (EB; '2¢' in Figure 1) for binding the coated particles together to form a
PERS. Both are dosed in the mixer (17) and spread by a spreading conveyor (19) in front of a
finishing screed (19). The screed is equipped with a compacting and finishing screed.

Example 4: Testing of the PERS

[0107] For a comparison of the performance of a PERS according to the invention with other
wearing courses various tests are available. In particular, one or more properties of interest
that may be improved compared to a known road surface are:

» Accoustic performance

« Skid resistance

s Resistance against ravelling
» Adhesion to underlying layer

[0108] To address these characteristics, laboratory testing can be conducted on PERS
samples such as:

+ Mechanical impedance by impact frequency measurement using a mechanical excitatory
(shaker)

= Sound absorption by impedance tube method

« Airflow resistance by Miller-BBM measurement method

» Surface texture measurements with a laserprofilometer

» Ravelingtest by Aachener Raveling Tester (ARTe)

+ Skid Resistance-with Interface Testing Device (SR-ITD),

» Pore pressure development by Moisture Induced Sensitivity Tester (MIST)
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s Freeze/Thaw test
» Adhesive strength tests (PATTI)

[0109] In situ testing can be conducted on a PERS road surface:

» Noise reduction e.g. by Close-Proximity (CPX)-method and Statistical Pass By (SPB)
method
e Skid resistance (friction) e.g. by Griptester
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PATENTKRAV

1. Coatede mineralpartikler til et slidlag, hvilke coatede mineralpartikler omfatter
en mineralkerne (1) og en elastisk polymercoating (2b), kendetegnet ved, at de coatede
mineralpartikler har en stgrrelse, der kan bestemmes ved sigtning ved anvendelse af en sigte med
kvadratisk maske, pa 10 mm eller mindre, og ved, at coatingen (2b) bestar af mikropartikler af
en fgrste polymer, i en matrix af en anden polymer.

2. Coatede mineralpartikler ifglge krav 1, hvor den fgrste polymers mikropartikler
er elastomerpartikler.

3. Coatede mineralpartikler ifglge 1 eller 2, hvor den fgrste polymer er en
tveerbundet elastomer udvalgt fra gruppen af copolymerer af styren og butadien, sasom
poly(styren-butadien-styren); naturgummi; alkylen-vinylcarboxylater-polymerer, sasom
ethylen-vinylacetat og maleinsyreanhydrid-podet ethylen-vinylacetat; formalet daekgrummi;
herunder kombinationer deraf,

hvor den fgrste polymer fortrinsvis omfatter formalet dekgummi.

4. Coatede mineralpartikler ifglge et hvilket som helst af de foregaende krav, hvor
den anden polymer er et polyurethan.

5. Coatede mineralpartikler ifglge et hvilket som helst af kravene 1-4, hvor vagt-
til-vegtforholdet mellem den fgrste polymer og den anden polymer er 1:2 til 5:1, fortrinsvis
0,75:1 til 4:1, navnlig 1:1 til 2:1, mere fortrinsvis ca. 1,25:1.

6. Coatede mineralpartikler ifglge et hvilket som helst af de foregaende krav, hvor
partiklernes mineralindhold er 60-90 vaegt-% baseret pa partiklernes totalvagt, fortrinsvis 65-85
vegt-%, navnlig 70-80 vegt-%, baseret pa partiklernes totalvagt.

7. Coatede mineralpartikler ifglge et hvilket som helst af de foregaende krav, hvor
partiklernes elastiske polymercoating-indhold er 5-50 vagt-% baseret pa partiklernes totalvaegt,
fortrinsvis 10-45 vaegt-%, navnlig 15-35 vaegt-%, baseret pa partiklernes totalvegt.

8. Coatede mineralpartikler ifglge et hvilket som helst af de foregaende krav, hvor
der pa den ydre overflade af den elastiske polymercoating er et bindemiddel (2c), fortrinsvis et
polyurethan-bitumen.

9. Coatede mineralpartikler ifglge et hvilket som helst af de foregdende krav
omfattende et klaebelag (2a) mellem mineralkernen (1) og den elastiske polymercoating (2b),
hvilket klebelag fortrinsvis er epoxybaseret.

10. Sammensatning til fremstilling af et slidlag omfattende coatede mineralpartikler
ifglge et hvilket som helst af de foregaende krav og et bindemiddel til at binde de coatede

partikler sammen.
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11. Sammensatning til fremstilling af et slidlag ifglge krav 10, hvor bindemidlet
omfatter en epoxyforbindelse, navnlig epoxybitumen, og/eller hvor bindemidlet omfatter et
polyurethan.

12. Slidlag (3) bestdaende af coatede partikler ifglge et hvilket som helst af kravene 1-
9 eller en sammens&tning ifglge krav 10.

13. Poroelastisk vejoverflade eller bund, der omfatter et slidlag (3) ifglge krav 12.

14. Poroelastisk vejoverflade ifglge krav 13 eller bund ifglge krav 13, hvor slidlaget
(3) har et interstitielt hulrumsindhold pa mere end 20 %, fortrinsvis pa 22-35 %, navnlig pa 24-
32 %.

15. Poroelastisk vejoverflade ifglge krav 13 eller 14 eller bund ifglge krav 13 eller
14, hvor den poroelastiske vejoverflade henholdsvis bund er forsynet med en overfladefinish til
forbedring af skridsikkerhed, hvor overfladefinishen omfatter et mineralsk aggregat, fortrinsvis
sand, og/eller en organisk polymerfiber, fortrinsvis en aramidfiber.

16. Fremgangsmade til fremstilling af en poroelastisk vejoverflade eller bund ifglge
et hvilket som helst af kravene 13-15, omfattende anvendelse af et lag, der omfatter coatede
partikler ifglge et hvilket som helst af kravene 1-9 eller et lag, der omfatter en sammensa®tning
ifglge krav 10 eller 11 til en overflade af et bundlag (4) og binding af partiklerne for at danne
den poroelastiske vejoverflade henholdsvis bund pa bundlaget (4).
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DRAWINGS

FIG. 1
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FIG. 2

FIG. 3
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FIG. 5
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