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effect on energy consumption in structures, Thermal energy may also be transported

15 through radiative processes. Humans readlly perceive conduction and convection
processes but are less sensitive to radiative heat-transfer from surfaces at near ambient
temperatures. I is possible to control radiative thermai energy transport processes to
reduce or promote heat transfer into a room using appropriate surface coating materials.
For example metal reflectors, usually aluminium, are used in roof énd wall cavity

20 insulation materials where a layer of the metal is bonded to the insulation surface to
reduce IRr energy radiating from the surface. However, the use of such highly IRy
reflective materials is currently restricted to areas where decorative appearance is nct a
primary concern, for example in loft spaces and in cavity wall voids.

25 Conventional, unmodified, decorative painis typically comprise a mixture of colour
pigments in a solvented, optically clear film-forming material known as the binder. The
binder Is conventionally an organic polymer in decorative coatings for inhabited
environments. Paints may also contain a wide range of additional materials such as flow
improvers, wetting promoters efc., in small guantities. In addition to binding the colour

30 pigments to the substrate, the binder also provides other desirable properties such as the
gloss, abrasion resistance and corrosion or biclogical attack resistance.

A 'number of paiht types based on variants of conventional decorative paint fluids with
increased IRy reflectivity exist in the literature.
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15 the heat radiation for camouflage purposes”) describes a coating of this form. Typically
aluminium flake in the size range 10 to 50microns diameter is used as the |Ry reflective
pigment. Such metaiflake and binder only paints can be formulated with high
reflectivities in the range 0.7 to 0.75. Using metal flakes with a surface treatment that
instills a tendency to congregate and orientate at the binder outer surface (or leaf), and a

20  binder chosen for high transparency in the IRt waveband, a paint system can be readily
prepared with an IRy reflectivity of between 0.8 and 0.85. The disadvantage of Type 2
paints formed purely from appropriately sized metal flakes such as 30 ym diameter

. aluminium flakes is aesthetic, since they appear silver-metallic in colour when in a high
' IRt reflectivity formulation (or grey-metallic or ‘gold’ in the case of metal flakes based on

25 coloured metals such as tungsten and brass respectively). By using small metal flakes
(<6um diameter) or roughend flakes, grey paints can be made without a metallic
appearance, buf there is a significant reduction in IRy reflectivity due to scattering losses.

Type 3 IRy reflective paints, achieve a coloured effect, through the combination of metal
30 reflector flakes and conventional granular visual colour pigments in a binder.
DE10010538 (Hugo Gerd, “Coating compasition having spectral selective properties,
useful for the coating of buidlings, comprises four different particles having a range of
wavelength dependant absorption properties”) describes a coating of this form. When the
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It is therefore an object of the present invention to provide a highly IRy reflective additive
for use in paint (and other coating) formulations that substantially mitigates or overcomes
the problems associated with prior art formulations of Types 1 to 3.

20 Accordingly this invention provides an infrared reflective’ flake comprising an infrared
reflective core flake (whersin the core has a thickness of less than 0.2 ym) and an
infrared- transparent material which is coated on some or alt of the surface of the core
flake.

25  The flake according to the invention can be used as an additive in paint, compbsite
gelcoat, varnish and other coating formulations to provide a highly iRy reflective coating.
The invention provides a composite material comprising a IR transparent layer which is
adhered to a IRy reflective core. Generally the IRy transparent layer would be coated
onto both sides of the flake core but for decorative effects only one side may be coated.
30" The IRy transparent layer comprises a binder material with optionally a coloured materiai.
This layer provides visual colour and mechanical strength together with chemical and
environmental protection for the core materfal. The Ry reflective core comprises sither

metallic or conductive oxide material.



20 Accordingly this invention provides an.infrared reflective' flake
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edge thickness should be minimised to reduce scatter and subsequent losses.
Therefore, the core material should ideally be less than 0.2 ym thick.

15
For conductive metals such as an aluminium core material, the thickness is preferably in
the range 0.015 to 0.05 p#m thick and more preferably In the range 0.03 to 0.04 um. For
low conductivity metals such as a chromium based core, the thickness is preferably in '
the range 0.08 to 0.12 um.
20 .
If the reflector core is rough it will scatter [Ry radiation and reduce IRy reflectivity when in
a coating. Therefore the core material should have a surface texture of less than 1 ym
with a depth to pitch ratio of less than 0.5. Preferably the texture is in the range 0.2 um to
Q 0.4 ym. ‘
25
The reflective area of the flake core also has an effect on the IRy reflectivity. -if the
reflector flakes are small compared to the wavelength of radiation then loss through
scattering mechanisms become important. Preferably therefore the avera.ge diameter of
the flake core is greater than 10 ym. Note: although the term “diameter” is used the
30 skilled reader would understand that the flake does not need to be perfectly circular or .
disc-like and that irregular shaped flakes can be used. In the event that the flake has an
-irregular shape the term diameter refers to the smallest dimension of the flake,
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covering | ayemd dgs chosen for high specific absorption in the visible waveband associated with
ele_cfrqnic transitions, but weak specific absorption at IRy wavelengths due to molecular
vibration. Desirable dyes include azo, xanthene and anthraquihone dyes such as solvent
15 yellow 54, drange 1 and red 24. In this way the visual, decorative colour requirements
can be met without significant reduction of IRy transparency.- The radiation path length is
minimised by using the minimum thickness of coloured polymer 1ayér commensurate With
providing the | required level of visual colour, mechanical strength and stability to
processing. This requirement is met using a minimum thickness of 0.2 um. Reflector care
20 coatings using arganic polymer layer thickness in fhe range 0.2 to 2 ym are preferred.

Preferably, the infrared fransparent coating material completely. encapsulates the core
material. -

25 Alternatively the coloured flake binder could be inorganic. Many inorganic materials will
exhibit significant transparency in the IRy wavelength range and some can be coloured
usihg' either dyesiuffs, metal salts etc. or are naturally self-coloured. Examples of
inorganic IRy transparent coatings would include, but are not fimited to, sof gel deposited
materials such as oxides of silicon, titanium or aluminium that can be coloured through

30 the addition of dyes and pigments. Examples of self-coloured, [Ry transparent materials
include, but are not limited to, semiconductor materials such as silicon and germanium.

In a variant of the present invention the IRy reflective core can be made to be optically
transparent. This is achieved by forming the core from a material that is transparent at
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According to a second aspect of the'prese'nt invention, there is now proposed a paint

formulation comprising infrared reflective flakes according to the first aspect of the

present invention.

20
According to a third aspect of the present invention, there is now proposed a varnish
formulation comprising infrared reflective flakes according fo the first aspect of the

@ " present invention.

25  According to a fourth aspect of the present invention, there is now proposed a gel coat
formufation comprising infrared reflective flakes according to the first aspect of the
present invention.



reflectivity, including, but not limted to, indiumand fluorine doped tin
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10 internal reflection (TIR) and can no longer leave the surface. The ﬂgure shows a graph of
total internal reflection angle as a function of refractive index of the medium. .

Figure 3 shows the farm of a typical IRy, reflective flake according to this invention.

15  Figure 4 shows the difference in reflectivity in the wavelength range 2 to 20 microns
between a TiO; (conventional white) pigment and a typical visually coloured, highly IRy
reflective pigment constructed according to the present invention. It can be seen that the
highly IRy reflective pigment generally has a reflectance of approximately 90% compared
to the standard pigment which varies greatly between 0 and 50% reflectance.
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spectrumis called the Thermal Infrared (IRT) region. 10 To a first

appr oxi it i) gtﬁr%eadp@g%%lﬁ,h%ﬁqg‘ Ligd, Bl rd 858ckSs Qg@gyg%gr Sephan-

e em ssi vBblgmana'equatianhe St ephan-Bol t zmann 15 constant and 'T' is the
tenperature in Kelvin. In a sinplified form Kirchoffs law relates the
emssivity of a material to its re&&e%gfwlw%qand generally states that for
opaque bodi es:

where ‘W' is the radiated power, ¢’ is the emissivity, ‘o’ is the 8tephan~BoItzmann~
15 constantand T'is the temperature in Kelvin.

In a simplified fdrm, Kirchofis law relates the emissivity of a material o iis reflectivity and
generally siates that for opaque bodies:

@ where ‘g, is the emissivity and ‘R’ is the surface reflectivity at wavelengih ‘A’ Thus,
reducing the emissivity of an opaque surface increases its ability to reflect radiation,

25 The energy reflected from ah opaque body can also be related o the energy absorbed
by the body according to the relationship: '

A:=1-R.

30 where A, is the fractional energy absorbed by the body, it can be deduced that materials
with high 1R+ absorption will also have high IRr emissivity and low IRy reflectivity.



20 e =1 RX, where 'el," is the emssivity and 'R ' is the surface

reflectivity at wavelength ' X.', Thus, reducing the em ssivity of an opaque
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by the equation:

15 R~1-2\vp+

where 'R’ is the reflectivity, *v' is the frequency of radiation and ‘p’ is the resistivity. This
equation predicts that metals with low electrical résistivity will have high IRy reflectivity.
Clean, smooth conductive metals at temperatures between 0 and 30°C are opague o

20 IRy energy, have high IRy reflectivity, between 0.98 and (.85, and consequently have
emissivity in the IRy waveband in the range 0.02 to 0.15. '

@ When radiation passes from one medium into another, for example from air info a
polymer film, a fraction of the radiation is reflected at the air/polymer interface according .

25  to Fresnel’'s equation from which the reflection coefficient (R ) can be derived:

(”—1)1*‘71 Z
(n+1)2+n ;5

where nis the refractive index ratio of the materials and y is the extinction coeifficient.

30




emssivity in the I RT waveband in the range 0.02 to 0.15. Q Wen radiation
passes fromone nediuminto another, for exanple fromair into a polyner
film a fraction of the radiation is reflected at the air/polynmer interface
according. 25 to Fresnel's equation fromwhich the refl i icient (R
) can be Y PWEYTR (n+l J+nZxz where n is the refracti$§%?g%g?ﬁ@§%$o of the
materials and ,x is the extinction coefficient. 30 WO 2005/007754

PCT/ GB2004/ 003005 ',.. 10 The refracti%ﬁ i ndex of the majority of organic
polymers is in the range 1.4 to 1,6 in e |IRTh,,na,. Using Fresnel's
equation, the reflectivity of this interface is around 0.03 to 0.05, thus

their em ssTha tefratiive amdentrod tike B&jotiy D ojanePpohevdislin i guge 14, foviheinethd- R,
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t he exti nctt;r%ﬁrgg%@%iﬁ %Wgtﬁﬁt?%f@%é ré%@%“%%‘%‘g%@?%@%’éb{ |Q§d §'t he concentration
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coefficientri I gqhgé ; L t he
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for exanpl eanchaséfierfasy. Atscattion peeyraersordicde therPeardambetla®3 bonds in

pol yners. To minimse absorption the concentration of absorbing noities
and/ or the pathlength through the nmaterial need to be mnimsed. If the
radi ati on-meets another interface, #Aeny>¥r Vi ded the length scale of the
interfage is 20 sinmlar to the wavel ength of the radiation, diffractive
optics apply and the radiation is scattered. If the length scale is

si.gni fi cant Wherbdbgéds the hbsprptive, yaditize $xdincticheneffjeentef an ebsdrkiogspecies, C Is

the concentration of the species and 7 the path length through the material. The

exlinction coefficient is usually a wavelength dépendant function dependent upon the
resonant frequencies of the distortion of chemical bonds in the material, for example

15 bending stretching and rotation around C-CH; bonds in polymers. To minimise
absorption the concenfration of absorbing moities and/ or the pathlength through the
material need to be minimised.

If the radiation meets another Interface, then, provided the length scale of the interface is

20 similar to the wavelength of the radiation, diffractive optics apply and the radiation is

scattered. If the length scale is significantly larger than the radiation then geometric/ facet

optics apply and Fresnel’s equation can be used to describe the interaction. As a rough

Q guide if a feature is greater than 5 times the wavelength then geometric optics dominate.

If the feature is between 5 and 0.2 times the size of a feature then diffraction effects are

25  also significant. Where feature sizes are below 0.2 of the wavelength, the particles are
sub-diffractive and effective media theories are relevant.

When radiation passes from one transparent medium to another, then the propagation
undergoes a change in angle. This change in angle is related to the refractive index of

30  the media either side of the interface and the incident angie and is described by Sneil's
equation:

ny Sin 8; = ny Sin 85,
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I nci dent angle and is described by Snell's equation: nj Sin 01 = n2 Sin 92,
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high to a | SWeRBEIFIRYYSIE”Y i ndex material. Figure 2 shows the angle at which
light arising (say fromreflective or scattering particles in the polyner)
undergoes TIR and can no |onger |eaye the surface. Lower values of COliR
inmply lower reflectivity (higher en¥‘§§m@rf’iz 99 as a smaller fraction of the
reflected incident light |leaves the film 15 For a polyner-air i-nterface,
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absorbed i ns@at?enr?d ;t.’artides in the polymer) Undergoes TIR and can no longer leave the surface.
Lower values of Oy imply lower reflectivity (higher emissivities) as a smaller fraction of
the reflected incident light leaves the film.
15 |
For a polymer-air interface, where the refractive indices are typically in the range 1.4 to
1.8, total internal reflection occurs when the incident angle is greater than 40 to 45°. Due
to the lossy nature of polymers in the IRy waveband, the radiation is absorbed in a short -
distance and the radlation is said to undergo total internal attenuation. It is important to
20 reduce scatter at angles greater than 40° away from normal to the surface to maximise

the reflectivity and minimise the emissivity of paints in the IRy wavehand.

Q Films with low refractive index have high 8. However, the effective refractive index of
polymer binders is typically increased through the addition of scattering pigment particles
25  e.g. titania, these are present to impart optical colour and opacity and are sized to have
maximum scattering in the visible band but are, inadvertantly, sub-scattering at IRmema
wavelengths. At IRma Wavelengths the effective refractive index of a conventionally
opaque paint base ' is increased, A binder with refractive index of 1.5 with 0.2 viv of
200nm‘ diameter (sub-scattering) titania, refractive index 2.7, will have a calculated
30 effective refractive index in the IRThemal Of 1.74 and consequently a value of bqg of 35°,

To minimise the loss of IRt energy in the binder material it is important to select materials
with low extinction coefficient and to keep optical pathlengths short. The optimim case for
a Type 3 coating, would be an infinite smooth reflector surface uniformly covered with a




di stance and the radiation is said to undergo total internal attenuation. It
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I.RT reflectivity fromaroun _ um num fl ake Type Z paints to 0.5
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and 0.3 for gdadrikeghades of Type 3 paints. 10 One enbodi ment of an IRT
reflective pignment, for use in a coating conpositon, which mtigates at

| east some of the deficiencies of the prior art approaches Types 1-3 is now

described. Figty $sRovwhPWical flax@idhbiafidrPdeRofipigy hit ihhtias. CRMEKS) G, bdhsishe

invention. A flake, 1, consists 15 of a three |layer structure (2, 4, 6

Layer 4 s ©OhR 1 Rypreirucire & fi Qelasr 4 13 ingdlin iRy plipctiysjcgre flake. Layer 4 is
coated on either side by colour layers 2, 6 formed from a dyed, or otherwise coloured,
IRy transparent film. The colour layers 2, 6 provide mechanical strength and chemical

and snvironmental protection to the IRy reflective core flake, 4.

20 The IRy refective core flake, (denoted by numeral 4 in Figure 3), can be formed from a
wide variety of metals or metallic oxides but for the case where it is formed from
aluminum it will typically have a thickness, (8 in Figure 3), of between 30 and 40 nm. For
a chromium core flake this thickness would be in the range 80 to 120 nm.

25 The colour layers, (2,6 in Figure 3), typically will have a thickness of 200-2000nm and
comprise a film containing 1-20% wt/wt of dyes or other coloured materials.

Examples of suitable polymer binders are acrylic resins such as poly methyl, ethyl or
butyl acylates. Suitable dyes include Azo metal complexes, phialocyanines and
30  anthroguinones.

A specific flake construction is a 800nm (£100nm) thick colour layer (2,6 In Figure 3)
formed from Elvacites 2041 polymer binder (produced by ICl Acrylics) with 10%wt/wt of
Neozapon blue 807 (produced by BASF PLC) colour dye and a 35nm (£5nm) thick



coated on either side by colour layers 2, 6 forned froma dyed, or otherw se
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Arbcesses, &9URPand optional Iy cured. This layer will formone of the

colour layers, (2,6'in Figure 3). Alayer of alumniumis then deposited

onto the surface ?f t he d?/e-cont ai ni ngﬁé)ol ynmer b evaporation. This |ayer

wi Il form t AdaYakPT plariniuy fsthen denosiie! q E@@aff@ces%ﬁhe ye-containing polymer by

evaporation. This layer will form the IR; reflective core (4 in Figure 3).

15
Optionally a second layer of coloured polymer is deposited onto the evaporated
aluminium, again by a free flow coating or gravure printing process. This second polymer
layer Is dried and optionally cured. This layer will form one of the colour layers, (2,6 in
Figure 3).

20

The coated three-layer material is then removed from the web, by for example,
immersion in hot water, other metheds will occur to the skilled reader. The carnuba wax
release layer melts and the IRy reflective material can be recovered by filtration or

floatation methods. The three-layer material can be reduced fo appropriately sized flakes
25  through conventional processing, for example, wet grinding.

Other processes for making materials with the general structure in Figure 1 will occur to

the knowledgeable reader, these may include, for example, solution deposition of

coloured films onto suitable size IRy reflector flakes or defining flakes on the web before
30  removal.

Related permutations of the basic structure that will create different decorative effects will
be apparent to the skilled reader. For example, combinations of colourants can be used
on each side to extend the number of colours available, different colourants or
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col oured netal, for exanple copper or tungsten. The netal reflector can be
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diffraction effects or 5 controlled diffuse reflections, respectively. This
coul d be achi eved by enbossing the first coloured polymer filmbefore
ﬁghosition of the metal reflector layer. Clearly these pernutations can be
used in various conbinations to create further decorative effects. C




C15 dainms 1. Aninfrared (IRT) reflective flake (1) conprising an
infrared reflective core flake (4). and an infrared transparent material (2,
6) which is coated on sonme or all of t surface of the core flake (4)
wherein the reflector core (4) has a thickness of less than 0. 2 m and
wherein the reflector core conprises netallic or conductive oxide materi al
and wher eigyhe core flake has a surface texture in the range 0.2 to 0.4 vm
and a depfh to pitch ratio of less than 0.5. 2. A flake (1) as clained in
claiml wherein the core (4) has a DC electrical resitivity in the range

Oi 1to 50 [@oAn inﬁared\uﬁ{)@éﬂect(vé)lam1);:]doa:ipnm!; ém%fedé? réflektivi ek 4@ildkez4)%n@$rlf ek(4z 1i)s
al um ni um an t hi ckness. . ra . to 0. : ake as
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as clainmed in claimb5 wherein the dianeter is in the range
flake (1) asur@greientre inthecange h2go (darmesnd ardesthde eitpbralio of less hag B8 r ange 30 - 40
pm 8. A flake (1) as claimed in any preceding claimwherein the infrared

transparent terial (2, 6) .¢C ri.ses a - pol ar or  weak]| ar_organic
ol yer  Aeh Tk LR feryeccd Heim) Famases e saie s s 8 Dot ro ey Blb it or | a1
9. A flake ¢ip5aLCl aimed in claim8 wherein the infrared transparent
material (2, 6) thickness is in the range 0.2 tot, m 10. A flake (1) as
claimed in clainms 1-9 wherein the infrared transparent material (2, 6)
conpri ses 3. Aflaker{bragglairaediin Flaim hwleregipthesargl (4)js duminyimanddag icsigsedn Bge or

ot her col ougfge 684 ff0. 84 ym16 11. A flake (1) as claimed in any preceding
claimwherein"the core (4) has a thickess of less than 1 nm

4. A flake (1) as claimed in claim 1 wherein the core (4) is chromium and has a thickness in the

range 0.08 to0 0.12, um.

5. A flake (1) as claimed in any preceding claim wherein the flake (1) has a diameter of
10 to 100, pm. |

6. A flake (1) as claimed in claim 5 wherein the diameter is in the range 10 - 50 um.

7. A flake (1) as claimed in claim 6 wherein the diameter is in the range 30 - 40 um,

8. A flake (1) as claimed in any preceding claim wherein the infrared transparent material (2, 6)
comprises a non-polar or weakly polar organic polymer that optianally contains a coloured dye

or other coloured material.

9. Aflake (1) as claimed in claim 8 wherein the infrared transparent material (2, 6) thickness is in

the range 0.2 to2, ym.

10. A flake (1) as claimed in claims 1-9 wherein the infrared transparent material (2, 6} comprises
an inorganic film that optionally contains a coloured dye or other coloured material.




12. Aflake (1) as clained in claim 11 wherein the DC resistivity is |ess
than 10 SZo'. 13. Aflake (1) as clainmed in clainms 11 or 12 wherein the core
(4) conprises indiumor fluorine dopedgtin oxide. 14. A flake (1) as
claimed in any preceding clai mwherein the transparent covering material (2,
6) conpletely encapsulates the core material. 15. A paint fornulation
conpri singqi o1 i q i L 1-14.
16, A var ol <RekEK e EEIR T Drica T SaiisheREERG P ubek MGiesE ey o
according tb™iny of clains 1-14. 17. A gel coat fornul ation conprising
infrared reflective flakes (1) according to any of clains 1-14. 18. The use

of_an 1 nf naregh{ LAY (LRI RELLNG 1 WnakE GORRILANG ABd BT fTSg T of | ective core
flake and ‘an in re ranspar ent eria I'ch 1S coated™on some or all of
the surface of the core flake in an infrared reflective coating, wherein
the refl eqqfn k(B agaéin%dﬁﬂlﬁrlﬁlgl_@?ﬁr BfwHeRsPtnt BHE (tg;(:lgl}]ﬂ@es ﬁ@ﬂm"gl?ﬁﬂcﬁhé‘ the

refl ector core conmpri ses nmetalli¢c or conductive e materi al.
doped tin oxide.

14. A flake (1) as claimed in any preceding claim wherein the transparent covering material (2, 6)

completely encapsulates the core material.

15. A paint formulation comprising infrared reflective flakes (1) according to any of claims
1-14.

16. A varnish formulation comprising infrared reflective flakes (1) according to any of claims 1-14.

17. A gel coat formulation comprising infrared reflective flakes (1) according to any of claims 1-14.

18. The use of an infrared (IRy) reflective flake comprising an infrared reflective core flake and an
infrared transparent material which is coated on some or all of the surface of the core flake in

an infrared reflective coating, wherein the reflector core has a thickness of less than 0.2 ym

and wherein the reflector core comprises mefallic or conductive oxide material.





