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THERMAL | NFRA- RED REFLECTI VE Pl GVENTS FOR COATI NGS
This invention relates to the control of radi ant

wo b@soed7sener gy and nore specifically to hi ghl pcoseesaloo3oos

Infrared (I Rl-) reflective pignents for use in
decorative coatings for inhabited buildings or other
areas where the control of |IRK energy and vi sua
decoration are required. Control of the spread of
t her mal ener gy in donestic bU|Id|ngs t hr ough passi ve
t echni aliERMAY INERARED RiFF : ENVS FERIEODATINGS
reliance on heating in cool environnents and cooling
air-conditioning in warmenvironnents. Convection as
This dnMghtien relzigs ¢ iguearitioh obiragliant dearnal esergniasd dngreaapecifically to
; [
WEOL Bl ROART) 1) OO NQRRRS 1; Ped ¥ (RORANS oatings for
isbaligapauildings ar stheuareas e\é\ermh@rqmtroleaféngnmy aafi ytsualedecoratlon
&gqg@ﬁ@ﬁted through radiative processes. Humans
read percei ve conducti on and convection processes
but are less sensitive to radiative heat transfer from
YT B e br B | PR lord PRERERH Bt thyPBasRleecnniques
frdoersserasgy eonsepien by redusingt religregton heatiogdn cppltenvigonments and
ﬁlcggdl @r\dlaﬁheerﬁ/%ﬁrﬁ&ﬂ coating materials. For
exaﬁ% e neta l'ectors usuafly alum nium are used
in roof and mall cavity insulation materials where a
e [ b e | 2t r e
OIHRLUAL A RERy a2 SPARIIER  HB° MiflY Beplad! ek Cranspor
meoRANEMSs Bhe NNRY wRtesialshans giethpds RAve didescdaveleped to reduce their
r t I
eccgrogtaélr%éég 8‘3@%‘@%’1& YI? %ﬁﬁ%t[n‘eg gﬁertrrrrl%rl %ﬁg@ﬁ/cﬁf@)ﬁ af‘sfo be transported
Breusbl eadiaiive oprocessgse Humansi reaglly i peycaied |conduation and convection
SRRRY&RE 'bﬁf@ﬂe' |eé+>n§g?lgltl$lé & ad%?%’ I'h@éu’(' tY%sFé?'fr%h?sdrfé%bgg bé(ar ambient
conprise a mxture o [our gments 1n a so
t@mneé%tuney Bllwps:ﬂbleﬁomnﬁwlrr@dwaveetheamakﬁmy &ansprst processes to
b R Senser ET Rl B0y o RBiE 3RRuce coating materals.
Ecﬁfvex@nmrmgtal Pefiastass, naguadly saiummmai areausgdlén reefgandiwall cavity

RYGLArPRRterER GhéB! S 136F Bf 8% fefVis bonded to the insulation surface to

reduce IRt energy radiating from the surface. However, the use of such highly IRy

reflective materials is currently restricted to areas where decorative appearance is not a

primary concern, for example in loft spaces and in cavity wall voids.

Conventional, unmodified, decorative paints 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 quantities. In addition to binding the colour
pigments to the substrate, the binder also provides other desirable properties such as the

gloss, abrasion resistance and corrosion or biological attack resistance.

A number of paint types based on variants of conventional decorative paint fluids with
increased IRy reflectivity exist in the literature.
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i nprovers, wetting pronoters etc., in small _
guantities. In addition to binding the colour pignents

W o005ke77subst rat e, the binder al so provi des ot PE&r/GB2004/003005

desirabl e properties such as the gl oss, abrasion

resi stance and corrosion or biological attack

resi stance. A nunber of paint aypes based on variants

of conventional decorative paint fluids with increased

IR reflectivity exist in the literature. Type 1 IRT

T bRt (eflesthie Forjisonaee ba%eéidormrscgtteamg@ramgargplgmenfarchosen and
s t n

T PR ?53’3 “fpfay (USRS 140 (Pabi” Berda.

‘Rigreents whichgeflech eadiatipp fromyfise?) teseibes adsint ohtbis fampa. nt

of this form However, these fornul ati ons have

relatively IOM/reerct|V|ty in the | RT waveband due to

Hewevept these fasmuladions hanentelaiisely ilew eeflectivitytinghe IRy waveband due to

ablsphiin ntﬁe | ﬁ@ﬂéﬁgpérﬁclgﬁ Qﬂulﬂaﬁe hech8Q@hE %eé&?rg% Y9 hor{gh Bath lengths

organi ¢ pol yner bi nder poor scatterin
thraMoh tBeforaarinelymer hiadaraand peor periteriog Ctlll&etobsmalbﬂg‘ferences in

RALCRRNNEGHU biotﬂélblrgfe?g‘ Hﬁ@ﬁorﬂ}egg@'{btl § Qiula{rr e%ﬁé(r‘?c t%hgi h@a\éelengths

Reflectivities in

Reflectiyiies iodhe l%owamaé@ of Disates|tan @3 ar@ gliffieufsio rgbieve émcoloured
e 2 hi ghl | R7
magseﬁééae dB.%Btt'%rﬁL @é%@g ert¥P ghly

reflective pain evel oped that use netal
flake pignments to provide the IRT reflector component.

p@c}ﬁﬁﬁa@l} HQH%'HQ&TVE% ﬁ‘h reﬁj@gg(ﬁélo e&Jﬁ%t Hg%ﬂ'ieﬂaﬁrﬂgﬁee&gments to

coating conpounds W t em s
RrR¥de ﬂé@:iﬁmwefle@ﬁ@@ommortmé E%E@W%HMW@W&S &0430 GMBH (DE), “Use of

GemBNEl %Stlrﬂq-’f:cﬂﬁgcﬁﬁl%}s r\ﬁﬁﬁ ?&J%serﬁlsfbﬂa&a'pgglmgfm g §pec(t)ral range of

form Typic he"size rang
the f@emaéiraﬂﬁg f@r camauiliage puipeses” hdesdibes RTcoatifg ei:thuwferm Typically

eﬂbrﬁfﬁﬁfr‘ﬁ ﬂal@“ﬁhhér%&@l ﬁdeajﬁ?toa?&g iBlond %‘fanﬁ’&éry is Rﬁb&”a§ tﬁ@fRT reflective

f or mul trvities I n
mgme'ﬁfo %)UCY\S m%lrfwge n@mdalblmdeak@@ymp@lhtSacgmbcadermulated with high

efl&AVIRBE in EHBaFan dd §.78. U@?ﬂg%ﬂ | fidke ‘(% E{ S%?Jffgceaﬂgatment that

orientate at out er “sur ace
ipstie értemﬁﬁ@wp @Qngrw%amd angiiaie @hthe b"i’fdetfhleltelr RWrface (or leaf), and a

Mﬁ’dé@b:ﬁegen Rr RghMfansys %ﬁz%{)elﬁ e e O\K/%\%‘B'a}aé' é’%@ﬂﬂﬁ%@:ﬁ(‘%* be readily

an |RT reflectfivity o tween

RIPREY arithAfelRof refieplivity op hptwesnf®bd aad Ot dhy disadrantage of Type 2
r?e@r% Cf@rrrﬁéi‘f BlreyStréRagBbitatdl) 218S RGP A3Res3Sudi™ss 30 um diameter

di anet
alumlnlum flakes is aesthetic, since they appear silver-metallic in colour when in a high

IRy reflectivity formulation (or grey-metallic or ‘gold’ in the case of metal flakes based on
coloured metals such as tungsten and brass respectively). By using small metal flakes
(<5um diameter) or roughend flakes, grey paints can be made without a metallic

appearance, but there is a significant reduction in IR reflectivity due to scattering losses.

Type 3 IRy reflective paints, achieve a coloured effect, through the combination of metal
reflector flakes and conventional granular visual colour pigments in a binder.
DE10010538 (Hugo Gerd, “Coating composition 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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alum nium fl akes is aesthetic, since they appear
silver-nmetallic in colour when in a high IRT

wo edosmeer7sai ty formulation (or grey-netallic orPCGBRD4/003005

in the case of netal flakes based on col oured netals

such as tungsten and brass respectively). By using

smal |l netal flakes (<5mm di angter) or roughend fl akes,

grey paints can be made without a netallic appearance,

but there is a significant reduction in IRT _ _

PR Restdried 9 thin avepoktbabinder relymes deasled miihethg visgal pigment, forms
6@r kRChBILHA@S S Brovde Wh@v Su cSI@hP ltﬁee‘golgﬂrf l§§ér‘ through

the combi nation of netal reflector flakes and

conventional granular visual colour pignents in a

Phen@isadvakiabBQt 8RS drblidPis @t Yhen %gtschfé@e g@@%&oﬁérﬁﬁ are added to

havi ng spectr al selectlve properti

it tIORtRINAY Bindars fsorieniation; @fetbe fllakes willf e eliskirbed so that they no
IBAGAr kbR Svith B4R Bitfer bﬁ%ﬁ tﬁ’é |c§? '?lgé Baifl€RRE %?Qtahg?nment reduces

absorp i on prop ertles descr coatlng
the iy reflgetiyity peiyayahte w&ts ther na@"d syatetrmlue fozagettering related effects. The

fRicRA&Ys dTahe H&bur lb?ékqn%@ t&"'bbrbohﬂ&ga\d' tﬁlféﬂalrpl'l-‘\qrf%rr‘&?arg%% allow the

over the netal kes to provid e vi sual

, lﬁﬁéad'ef&rb@rreﬁ%tyme reflagier @ﬁr%@%ﬁ/am b eefisictachbackgubr Enaehieve high

IR§ rbfMRkivikhen. ﬂafhfe' nw(ﬁﬁtl%ep ifhes® 'sﬂ%[ﬁ@.tbﬁ 18 eth?ﬂge ! %o achieve

| ake- cont ai ni'ng e orrentation o _
mp@m ete iR reflebfa,x/lfa |(:sQ 8); beccadaur tdyat trﬂdkeysmdumml%athagﬁoum The

OB FShi AR B Bhg B bar ne e

aailaun Ia)iae thraugh seuffitgeanddaterasive skearihgretcln @an eb‘ﬁetﬁme prgsence of the
f..th er has to be
@%%F r‘éﬁ? Or Ig %tér;g?hgﬁ]selsﬁnttté Sﬁ%%grsgﬁ%\‘/ ? g allow the IRT
radi ation to reach the reflector particl esfiand be
f e
[ B4h8BIRe a8l ne RSO RRRLS el (00 oL g soave
for uga in 'D@im&ridealleerrmdmmaﬁ@rﬂulﬁt‘ongmae smbsiarttrﬁlly( ?ﬂlgéi%s_ r?r beercomes
| d nm e
tﬁ@#}&gﬁﬁrﬁf SF 'tagéype{ibosr%él E? 2 éa}k%'ﬁas gfiﬁmeﬁq%l our |ayer
IS Ilmted since the renoval of the thin col our |ayer
eTRTo] f ' cl . can vea
ABRIR, S5 TR B BRE A [l P Cheice Galsann infrared
rpBgative toorea fplen fwheseihvibe ycore has issthidkaess of @sarthaxbjoez:yjm) and an
M EeRo R e RHE R i e SR i e Flrtace of the core
fabsati ng) formul ati ons that substantially mitigates or
over cones

The flake according to the invention can be used as an additive in paint, composite
gelcoat, varnish and other coating formulations to provide a highly IRy reflective coating.
The invention provides a composite material comprising a IRy 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.
The IRy transparent layer comprises a binder material with optionally a coloured material.
This layer provides visual colour and mechanical strength together with chemical and
environmental protection for the core material. The IRy reflective core comprises either

metallic or conductive oxide material.
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the problens associated with prior art formulations of
Types 1 to 3. Accordingly this invention provides an

w0 pdosaormed ref | ecti ve fl ake conprising an i nfraP@GB2004/003005

reflective core flake (wherein the core has a

t hi ckness of less than 0.2 nm and an infrared

transparent material which is4coated on sone or all of

the surface of the core flake. The flake according to

the invention can be used as an additive in paint,

%lbﬁ?m%‘("f'gs thpe fepRidencen PRI saNWaTdhigh liefractipeitindsy inorganic pigments to

prefiRe é’édo%ﬂ§etceloﬂf Qi dendh tHegfvsp\é d B’Torra(?{ HRENY he > misalignment of

coat i ng. The i nventl on FOVI nposI te mate
i@kapris Alevaigd jard; tharmbmvewe IRayreﬂeqﬁmtyc mcre@sa@h@me@ low refractive

lﬁdéﬂyésem hHRCIHYR0CESrE co&ﬁ@%laﬁhle%olfog %ﬂoﬁ rnﬂﬁlf'ﬁ?fisecﬂé detrimental

| ayer” woul d be coated onto both s
'eareéS%mblmctﬂr refeactiyainforand w@eguemlawlari@ssgtwe my be
coated. The IRT transparent |ayer conprises a binder

material with optionally a coloured material. This
The, efleploblavge seqdss ipabe chffisigntia rrilegtshemithad it aﬂeetﬁghh majority of

lhélgéﬁthRJE i &=t CThe trf?:%}l’_lle"s%w@r\h e ang& ;ﬁq (oo, ideally

for the core mat erial . tive
io dreprainged teilPABF. netal | i ¢ or conductive oxide
mat eri al . By renovi ng the dependence on granul ar high
refractive index inorganic pignments to produce
Etafcaapatmcuvler bulk oesistivitg tEeeéﬂdctbrtlzii\,%rmeené’ecﬁrtbee Qiﬁicnently thick to

l t Kk a
B IR meotfly B e HE T cer Yot B ko bR i gretglpride) core
adgkr #utkinees i stdaki dgeminimiselie o abligmt %E:att‘e?f ané Ofﬁbls@@uent losses.
I t rimenta

A T AT e AR -
TI R losses. The reflector layer needs to be

08}‘%?'{“3 |f1¥ téﬂ%fﬁ C%sl%/ u%&rgtcg%@%gggfg}%h%%?ess is preferably in
tbé earigei €615 roe(SOStum/thtc}( dnd rhdre ;fr@fe@fbwn thé ﬁant@eW(?’slto 0.04 um. For

ran articu

10 th e t or a :
pf Ry i g Slcfhas Pﬁr%embﬁlsgf)e@% 165 thigitses (Piséerably in
teeifdrigeiOc0d foy0.1hiumk to reflect the majority of incident
| RT radi ation. However, the netal (or netal oxide)
core edge thickness should be mnimsed to reduce
[Bibetréftactandresis bowghliewt! scaissrdR; radiation and reduce IRy reflectivity when in

a coating. Therefore the core material should have a surface texture of less than 1 um
with a depth to pitch ratio of less than 0.5. Preferably the texture is in the range 0.2 um to
0.4 um.

The reflective area of the flake core also has an effect on the IR; reflectivity. If the
reflector flakes are small compared to the wavelength of radiation then loss through
scattering mechanisms become important. Preferably therefore the average diameter of
the flake core is greater than 10 um. Note: although the term “diameter’ is used the
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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Therefore, the core material should ideally be |ess
than 0.2 mmthick. For conductive netals such as an

w@bwsiooi7eun core material, the thickness is prefPer/aBkoo4/003005

in the range 0.015 to 0.05 mmthick and nore
preferably in the range 0.03 to 0.04 mm For |ow
conductivity netals such as aschrom um based core, the
thickness is preferably in the range 0.08 to 0.12 mm
If the reflector core is rough it will scatter IRT

Yepi'op diekem fesaiur difiquittto ralign eluring idpyjnanvAk e binder systems and so
e the ThRE Qifé?ﬁ&elt ig Qeé%othgn "f@@) S, qil?]k%g %gbge Eﬁ)\ﬁﬂd &0 A become

surface texture of |ess mwt
regelvePie Py the Bunga pye and aorf@f)'@r @!Efeyahlh @rtr@mmefé”lp seffeﬁt decorative

|
édéﬂngsaﬂﬁ@ ﬂle?dféPﬁetteQ i9 it thErankBerd- t@(?] gﬁftaRi_}d' f’rg?% 3’2%@{,%%_&'” in the

fl ake core al so has an effect on
"APO% ﬁ% 4PéM-ector flakes are small conpared to the
wavel engt h of radiation then | oss through scattering

chani sns becone inportant. Preferably therefore the
ﬂ%e’?é%’é” eraeRyeEs therlRy Frflepion ReredBret bessuficiants trapsparentdo transmit

IFEIFkad}&Ioﬂ thidugh a8 réﬂ&tdr%FB wi@l'i@'irglbﬁl'ﬁcar{t %s%s?lqs gg\‘fermg layer can
ﬁkl L1 ed reader woul d understand that

Befdhe EBNvenieptly pRIPPriser R orgpRie ulfﬁfor@rngon%wnw thin lawdRr absorption.
Exadipldd |h§|géllé Eblyﬁ@ﬁao&%tﬁ}}l@r@%UWe Srogﬂt@ﬁee, dtcg;lérﬁg,em@fh%e&date and

that the f has an irregular sh

%YFSR%PEFOF?'%%‘?@ theyeth £olowhicrz be inlransaed droegh theeaddition of visible
Hdnai@eé/%h&!sénafbﬂ Righ! spk&fic QS%H@orﬂlhftﬁé Q/Iééﬁe W@vé’é a?ﬁomated with

eﬁurlng of the binder tens an

AP Rt ERl SPES elarPB0CR A wRYelRatheHos & molecular
\iratsi DeQirdBIe BRSORBIUEEESY, ‘k@ﬁt‘h@n@iﬁncﬁ ?ect g gggyeé"‘g@chsé% solvent

preferably for non- metal i c ef
veBaw oK iAgsrangd 4N0aRE 24 alpeibierwaysthe ivisuRls degergtivel cole nemyirements

caRtheREErithotf S§mfdant Féd'ubﬁon‘ 6f Iltl far %c?OTﬂQ éHEgloErbealth length is

| ayer which covers the ect or e nust
rigimised 'Bhesing Wﬁéwglﬁmmwﬂ@s& @faif?wqd nqiwmeﬁrd@hr%itcpmensurate with

pTrdSV ARG thé Orebllited Fdvief T Olisi T @IdMr ! RUHhagibANsEd aqd stability to

| oss. This covering |ayer can therefore conve
pé%q?ﬁ?'ngeﬂawea#@%me i$ Mehiising Aintginpen firkness af9. 2 /am Rm‘lector core
o@BﬁrCQsﬁIsir@rbrggﬁi@P'&Wﬁér I tHi@ﬁnd&@ler fﬁ%ﬁnc\ﬁ/g 0.8ty #g{@r’e preferred.
en

but yl ene, propy acrylate, nethacrylate a
Preferably, the infrared transparent coating material completely encapsulates the core
material. :

Alternatively the coloured flake binder could be inorganic. Many inorganic materials will
exhibit significant transparency in the IR wavelength range and some can be coloured
using either dyestuffs, metal salts etc. or are naturally self-coloured. Examples of
inorganic IRy transparent coatings would include, but are not limited to, sol gel deposited
materials such as oxides of silicon, titanium or aluminium that can be coloured through
the addition of dyes and pigments. Examples of self-coloured, IR 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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styrene or coployners thereof. Col our can be
i ntroduced through the addition of visible band dyes

we bwseor75or hi gh specific absorption in the viBtDGB2004/003005

waveband, associated with electronic transitions, but

weak specific absorption at |Rg wavel engths due to

nol ecul ar vi bration. Desirabl & dyes include azo,

xant hene and ant hraqui none dyes such as sol vent yell ow
orange 1 and red 24. In this way the visual,

\ﬂ%‘@éﬁ"é?ﬁ’? Bothg |byti Ferpaing reflertive: 8 tb‘ar'leEegl*ﬁﬂ Exgingiggtof materials that

5e d@iief b;ﬁ@@ﬂy fraslipakdrh eis WaY dré Q’@l?pmfne%?é!rs Jrﬁver gold, copper or

ath length is minimse

r adi In
Beki At ilermivaly osoree erticaly ﬁtﬁf‘?ﬁ@”ﬁn’! aw%s have significant IRy
RASETRIH Uﬁ(ﬂtﬁcﬁng’\ﬂbtuhn&rlﬁWe@'tBQn&Uﬁ] Jn%icrwohﬁé’ db@é’cﬂm ei‘qdes (ITO, FTO).

vi syal col our, nechanical strength and sta

Br g thesg magpials.r @ apticaite fensrarertt coging gaa be iwrmm!nthat may be
édltbw&!leﬁ%(?ﬁre@ &sitg eiffef ltf%%@lbu@‘ar&tgﬁﬁ@tblﬁ'&? &Sgﬁ&re% inorganic

ani c mer | ayer thickness in ran
39 éjeﬁgr&egr aRaye. by dhig way ¢, cleareandhfif spqudr eﬂr sploprgseniighly IRy
refédtive Jarthedahde risdy)! et el y encapsul ates the core
material. Alternatively the col oured flake binder
could be inorganic. Many inorganic materials wll
Rreftiribly, thé esteidormAted lhélﬂﬁﬁﬂrfI%BﬁrYe ddpediifp dxRE. wavel engt h
range and some can be col oured using elther dyestuffs,
netal salts etc. or are naturally self-col oured.

Gpsteoamy ﬁéns%rén@ R 9l ctivé Rbtdl E:@I%% RAAT ﬁn'btenefé%é s tHQH tfn thick. The

i nclude, but are not |imted eposite

3rlfad rihisknese feAUisRY (5 Pepander §n| Wh%h i g$q08?ﬁ3uﬁhlf6¢lently conductive.
@d;rumbebm haticamy IRg réﬂéc@w Sfeh faméwaecthba r@QQﬂn}i Rg%“le‘éé than 10

@S and pi gnents.” Exanpl es of self-col oured

ansparent materials include, but are not | | mted to,
sem conductor materials such as silicon and germani um
In a variant of the present invention the IRT
hesprding foye seepnsl aspechefl thedwesant hm/eopcm dbdaﬂeyls now proposed a paint

re d 0

OFAUSRET Sthoriely Tl FOLENE: 1e, BEHIG A0 SnE TG, 0B of tne
nsegent Byyantes. ref l ective in the | RT regi on. Exanpl es of
materials that beconme optically transparent in this
way are very thin layers of silver, gold, copper or
Aqgerdingaid @)ﬁérd psnest htteveiesensdnventipn.i thatd 3 na\/\apwasema varnish

| f@%ﬁﬁ&%nhﬁ?fﬁ?rfs'ér%n;ﬁfﬁaw?ef’e'éﬂ_ver gélﬁ%cgéc\é'r&?{% 6{ ﬁét’fﬁ%tngspect of the

but not I ndi um an uorl

RERFENE HIVENPO.  FTO) .

According to a fourth aspect of the present invention, there is now proposed a gel coat
formulation comprising infrared reflective flakes according to the first aspect of the
present invention.
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In using these materials, an optically transparent
coating can be fornmed that may be coloured, if

w0 e@aieEs4 using either the col oured organi c bP@EB2@A/003005

col oured i norganic coating described above. In this
way a clear and, if required, colourless highly IRT
reflective varnish can be mad@. Preferably, the core
conprises indiumor fluorine doped tin oxide.
ll__(_r)ﬁg aII transparent | RT reflective netal cores wll

ofliEpts| f B iealiamars dansiipar e Wl examalel only with reference to
thbiaekaesmyngarhwings inswidlgpendent on when it becones
sufficiently conductive. Cores become significantly
| R7 reflective when their electrical resistivity is
Figee Hbfhﬁwéoa \4tdph OF GRiishivig foP ad §|ﬁl§&91¢neﬁ%§ﬁéceogs tdfunction of

esent tion, there i S now propoSed a paint
P%?Wﬁéﬁc{ Yr8$'ng infrared reflective flakes
accordi ng to the first aspect of the present
I} Ré 93 According to a third aslpect of the present
TIGVE [S7es o dadiatian” legving 2o pelvear ElMy dreninegvincoframl ahighnto a low

rePaglive Mdeg natbridl & sfsars bigle fak akRA n@ﬁ@é}{sﬂiad\gntﬂw atdai%/mer film
ct of the present invention. Accor

rst
F%ué’iaﬁ‘pi‘gg@& reffectivie %r%@@?ﬂngu RIEREF OR, theheqhemer: wmwgoes total

lnt@amﬁ@lécta)nqaflR)mtcah%%ﬂg@r i@l BRRUH=RE"thd {Hlﬁélél%%s a graph of
eL gq(%tllve fl.akes according to the first aspect of
iBpLwisrmal reflagtien SIEABBATRIRR 81 iaetve Indrie teomedie.

descrl bed by way of exanple only with reference to the
cco ravvln s.in which, Figure 1 shows a graph
&Ursﬁpéé’%@n'?% farofa?y%%l IRrolsjiaetiveifiake peeqsding fo this invention.
function of refractive index of t he polyner, Fi gure 2
elatesto radlﬁtlonleawn polymer film i

FigiE iy SEQEHNg Hiffglienee i aTlg i ded pUelPRaiBXrange & foaPQ microns
mnbesf@vmgt (@enasngbsal a\thnt%b@meht gm aatybuéém&u‘éw BbiBurdd, highly IR

mer, film(for exa romreflective
Bl EPomsnhSNSTUrEd SPEPTIRG (HRIBATERN MGy dsendieon hat 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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internal reflection (TIR) and can no | onger | eave the
surface. The figure shows a graph of total internal

wOo edosmer’son angl e as a function of refractive PCHEB2®H/003005

the medium Figure 3 shows the formof a typical IRT
reflective flake according to this invention. Figure 4
shows the difference in refledtivity in the wavel ength
range 2 to 20 mcrons between a Ti Q2 (conventiona

e) gnent and a typical visually col oured, highly
@PWfq’fe’é%qu@uﬁﬂ drethe Rf@‘frﬁﬂi rlrm\cqné@n,a@l{bpdmgabtoae tife (-273°C) emit

&é&@ﬁﬂbghéﬁ%QEM)Qleaﬂldn €4 r@ﬁl?@@&o&é@és i ehdl SBhe %)r%lmolecular

| ective pi genera has a re Iectance
séwsm. Mt lempe @eoﬁmue@retb in hieursararfeditatiqrisg(erto 30 °C) this

fl 12
SRS LRSI B O IR B g0 o
30BY Horequivasn &) aewavel@ﬂgélmtof d foa Pyt C(OEMlorﬂyacbfa’mcbto as the
Bl B3 R0 A S B AR Hore
Wbt theiredisnt @ner@yfﬁﬁsm@)‘rohha boey &Cih tiosrwgneéndgth interval 3 to 50 um,

adi.at| ' i at f enci es t he
RRE B <SRBI Sl s BRI B sy ion
1 to 100 nm cormonly referred to as the ' |nfrared
egi ctrum At .t era in
T8 58 polinst Mgl BRR <hBEY i€ BY oS s algf Y the stephan-
EQWEmn@qunwna body |S|r1the wavel ength interval 3 to
50 mm this part of the el ectromagnetic spectrumis
called the Thermal Infraped CLRT) kegion. To a first
approxi mati on, the IR energy em tf ed by a surface is
given by the Stephan- Boltzmann equation: W=esT 4 Wn

2, where '"Wis the radi ated power, 'e' is the
véheres W iig yhe radiated pomer, Steshtne- Solstixitpns’ &0 iRt StphanBoltzmann

h e in Lvin. I'na sinplified
Pgsrtﬁ#ts fdriﬁoﬁg)?elr@?m%tgf é{é?f'he emssivity of a
material to its reflectivity and generally states that

hg grsin(?ﬁf?ig&' ?cirﬁm?%rgl%ﬁsl law rc-ljatles the emissivity of a material to its reflectivity and
generally states that for opaque bodies:

&, =1-R,,

where ‘g,’ is the emissivity and ‘R,’ is the surface reflectivity at wavelength ‘A" Thus,

reducing the emissivity of an opaque surface increases its ability to reflect radiation.

The energy reflected from an opaque body can also be related to the energy absorbed
by the body according to the relationship:

A,1=1—R1’

where A, is the fractional energy absorbed by the body, it can be deduced that materials
with high IRy absorption will also have high IRy emissivity and low IRy reflectivity.
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where 'el' is the emssivity and '"R' is the surface
reflectivity at wavelength 'I'. Thus, reducing the
weriosedmss y of an opaque surface increases itsP@EDGBRI0Y/003005

to reflect radiation. The energy reflected from an

opaque body can also be related to the energy absorbed

by the body according to the el ati onship: where Al is

the fractional energy absorbed by the body, it can be

deduced that materials with high IRT absorption will

%qn Siviha (e it p gionemty eatites radiating avface waterial, and theoretically, can vary

tqi Vi t 0 e

\Magrfnn\éh&suerfg]c%ﬁfﬁé% eéril ééieQNéa{ﬁdén FE%%@E{ Wthlifi b# em'SSMty at IRy

W@\feyerlﬁa&w@ rﬂaqatsri@lss)IRT/engtgyfthare agurfaceat/the m’@ﬁmemtere with a

Wb @mks‘%WItFrgtSﬁ:{TV\'NEVeIéH tthTD¥@JY$tL3§ QH%%e%M t&lﬂlcélgdbﬁéo%ntered in

l'ess ener g han a Surface a

lmmkhted elmwl@cvféneré:ﬁrh@@ emisgivides bawewa@eﬂ emdgt) 98, le@de rRatopdequence

SUht ?lgééélngmbg'd%@érgﬁveeﬁ\%%’lgfs%ﬁﬁd nhQIS'i?e%' ér‘éﬂ'onrgerdts diaving organic

envi have em ssivities vveen 0
sphfiages, Jomexantie gaidisc dmber, tfammt@r@ngganmfmatenais &piically absorb IRy

r—mé?ﬁf ﬂh?é@hfr%@&nérq/ Br%'énﬂ%oﬁ&é’c“eﬁ%%\; | é%}‘r{.i%ﬁes Jn the range

ani c aces. for exa
Qe@ 0.8p gaendiiChiva @etahslsfacy@ty@wallwha@dowm |Miseivigy. gy
through nol ecul ar vi brati ons and consequently have |IRT
em ssivities in the range 0.9 to 0.95. Conductive
The efledlivity ot a songyitivainmajertah gan bewvelaiedeloi itsséledtiial radisdivity. At IR;

fFé?fuleﬁ‘&Eé ‘Hﬁ%rlﬁg with GRAGHE b H@ar'mét?ﬂ{: %Ef_nc?lﬁﬂwpgs hﬂe%ﬁgctlwty given
ts electrical resistrvit requénci €s,

bﬁh@ﬁﬂé&lf@nw th netallic or near netallic

conductivities have reflectivity given by the

equation: R\ - 2 vp + where "R _is the reflectivity,

V is the frequency of ranlrvat—l?_qﬁaa;tnd p' is the

resistivity. This equation predicts that netals with

| ow el ectrical resi st|V|ty wi Il have high IRT

Wr?é‘ré aetil Yid Béfflegclv\i?\g &3;%8@?’ BELeBoNBha o ﬁipr resistivity. This

erat ures bet are opaque t
é iQjy predipiasthat g1$tal$2w1th é¢w etectricak sesistigtyvweit ﬂna@e dRhalRd reflectivity.

, Y | nthe
e SHRREME oty Y SIEEL bl 8 447 ar crane
|B§§@§s;yf have bigb IRedeﬂﬂctwnyt bemreh 288 ahdr0.&5 ampl enkequantly have
hisilifiR R 1R, waveband in the range 0.02 to 0.15.

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

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

R:ﬁ’}—l)ZJ“nzﬂ(z

(n+1)2 + n2 ZZ ’

where nis the refractive index ratio of the materials and y is the extinction coefficient.
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polymer film a fraction of the radiation is reflected

at the air/polyner interface according to Fresnel's
weowandos f rom whi ch the refl ection coeffici eneCT/BB2004/003005

can be derived: \nt\) + ¢c where n is the refractive

index ratio of the materials and c is the extinction

coefficient. The refractive intlex of the mgjority of

organic polymers is in the range 1.4 to 1.6 in the

-hf nmai ing Fresnel's equation, the reflectivity
Eﬂﬁ?‘%“"edﬁ % aldbe meleitiy ah @rogngpobiers &5 theyrngenkd t0 1.6 in the
IR S5 Wity Fre%nélfs%diﬂtl&a e FMeivity o@ﬁnssiﬂ%cé 5 EHoQHJ 8 03 to 0.05,

calcul ated from Fresnel's equati on,

é?%%&fo‘a”ﬁ%ﬁ"wﬁyﬁ PERUNA\HLIF to?- 88 &5 5bpwa éh Figuen \Qherefh‘leR calculated

framal Fagshelns aduation, r‘@ﬂoﬁé&l&ﬁ@ﬁ?ﬁa@tl\?&h@cé@%t%éﬁ RigAh unti |
is either absorbed or neets another interface.

. Absorption occurs according to the Beer-Lanbert |aw

'mésra‘dﬁatmn @il therpeIpRgARSintoS tHeh@afiaP LRI i@ bither 'aﬁ%yrggd or meets

& nct i c/geffl ci ent of an absorbi ng species
‘*d%}?? bsaBRfiorocEws aspeiEingso fecPgeriabstiawi engt h
through the material. The extinction coefficient is
usual |y a wavel engt h dependant functi on dependent upon
the resonant frequencies Bk h&Cilstortion of chenical
bonds in the material, for exanple bending stretching
and rotation around C- CH3 bonds in polynmers. To
whiené Abs & thbabsqupliam 2t isethe erirexion abéffidleritiof ahaBsdIbIAG species, C is

noi ties and/ or the pathl ength t hrough the materi al
th SANERNtIEOH Y the swgCies fandhd thedbathi iengiivetweughin ttehematerial. The

éxﬁr‘ié?lbﬁ aRifickAER u aﬂyy ' d\‘fvgﬁélé}%aﬂ %Fgé&:{a]iﬁ?ﬂn% ﬁrﬁ dteBSndent upon the

interface is sim
resieat freauengiesfaf &ib@ |Wﬁé0rbm |06§h@lpplab/bm mhtdaerraaiheaall éor example

Heﬁdlﬁﬁagﬂ’&&ﬁﬁt% ad trglﬁtlcl)r?rg%{z}h C(f‘-b‘?l ' r?dsg Cﬁ'{l]érgy To., minimise

arger he radi ati on ptIC
agppPlom e FenoenBation efgakeorking mtldseam#em the reétgengtib¢hrough the

mhdi8ridl RE&Y RCd RihimiAsg.a rough guide if a feature is
greater than 5 tinmes the wavel ength then geonetric

optics domnate. If the feature is between 5 and 0.2

litth@?édlétfb‘ﬁ n‘%éeﬁ?a&f)th& lﬁt%v\%bg %e%rhgtbvfaeﬁftﬁ@%%ﬁr% gLfcﬁg@& interface is

are also significant re sizes-are
spnitar 4o t*ﬂ%é’%@@ﬂl"hrﬁét"h@ radiatiqna difiradtive apties 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
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
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
the media either side of the interface and the incident angle and is described by Snell’s
eguation:

ny Sin 84 = n; Sin 6,,
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sub-diffractive and effective nedia theories are

rel evant. \Wen radi ati on passes from one transparent
wore@sei7so anot her, then the propagati on under BOEEB2004/003005

change in angle. This change in angle is related to

the refractive index of the nedia either side of the

interface and the incident angf e and i s described by

Snell's equation: n-i Sin Q=n2 Sin @,where r is the

refractive index of the first nedium 1 is the angle
Wearaee i hRdelrartive dsdex ohjhealitat madiume Pnigl the @ngladbetween the incident -

Hrargﬁﬁﬁftl?é:ﬁom{é?td fhe nli‘t@rfé&f %tqh)é?ﬁe re{ln‘afe to'?%esgé:c?ﬂﬁi medium and

um and I's the ang rac edr
Q:He theangis ofttbe tefciedtray framdhe Rormad tgythednterface. !aaor B\given refractive

bav
i mﬁ@?ﬁ]at%ﬁgntggr g{éel gﬁtu’&q}n%udeh rgg@gba{)\}él,;\{v/lggﬁ] %Pga r%%{agpxsl ggré%o longer
leawe thg2nteffBce, KiR0BH =88°, tkhewh (MsdheltﬁbEihtHihalrreﬂétﬁIOhI('OI‘R) a/ngle O1R.

ﬁT@;&%E&P‘%ﬂg This angle is given by; Sin QR =n

dr ati on | eaving a polyner film i.e.
moving froma high to a low refractive index material .
Fi gure 2 shows the angle_at _whi ch light arising (say
fromreflective or scattell fig pRettcies in the
poI yrrer) undergoes TIR and can no | onger | eave the

Rl o B0 & L oot
mﬁ)d eateridl. IFl’g)Jr@@ﬂédeSQihb arRfy aswhieh I@hi Brisife? (s from reflective or
wher e th%_ refractive in

%F‘égr{"ggp?aégéql?%/' épﬂlgrqeg)nl@@e@ogs R ng cap @pdpnge{qtl%arVﬁghe surface.

LoRfel 0alLES BF %‘F&‘WE M@F réfleRtivity (higRst erﬁ@gllvﬁeé)sasgé %?Jaﬁér fraction of
thar}lle40 to o the | oSsy nature of polynmers in

e
ﬁ?dmémﬂwes fedimati on is absorbed in a short
di stance and the radi atl on is said to undergo total
Ignternal attenuati on. is inmportant to reduce

O & RAymerainintariase. ngaﬁi? é'?e faiagtiveoingiges arer ypicalbr indhe range 1.4 to
1.Heo@Hinferss réf%cﬂ&?(bé'eu?sewﬁé}?th%%élﬁ#b&%{l&y%gﬁégtemtﬁgnrﬂost% 45°. Due

the emssivity of paints in
to the lossy nature of polymers in the IR; waveband, the radiation is absorbed in a short

distance and the radiation is said to undergo total internal attenuation. It is important to
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 IRt waveband.

Films with low refractive index have high 6. However, the effective refractive index of
polymer binders is typically increased through the addition of scattering pigment particles
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 IRtnermal
wavelengths. At IRmema Wavelengths the effective refractive index of a conventionally
opaque paint base " is increased. A binder with refractive index of 1.5 with 0.2 v/v of
200nm diameter (sub-scattering) titania, refractive index 2.7, will have a calculated

effective refractive index in the IRthema Of 1.74 and consequently a value of 6qr of 35°.

To minimise the loss of IRy 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
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Filmse with |low refractive index have high @ R
However, the effective refractive index of polyner

whewdeewsi s typically increased through the adedT/Garooao3n0s

scattering pignent particles e.g. titania, these are
present to inpart optical colour and opacity and are
sized to have maxi num scatteridhg in the visible band
but are, inadvertantly, sub-scattering at | RThernai
wavel enﬁt hs. At I Rthermai wavel engths the effective

migirpie higknash g Pinger wite dRv BARSPERRAIL IPjoragiie tregivailie rasaised colour.
Scdt@rnh@‘é’ﬁ@é‘@%m% Flbrﬁ‘qlrﬁ‘fnltéé\"r{dﬂ §n?<§6tl‘?‘%ﬂéé?or élﬁli%ﬁﬁé)%nf[ imrease IR:

2_v/v of 200nm di anet er (sub-scatterin
'Pﬁﬁteérfﬁ'og} Tireandipeieased priisg! pathiengtps.| have a cal cul at ed
effective refractive index in the I Rthermaiof 1.74 and
consequently a value of QIl Rof 35. To mi nimse the
T'??s%ora?'nerwpt@ﬁb@féﬁm ¢f they addfieryel lowerseestaptio pigment particles to form

dIIpEd HRL réfl@ct%' }S‘eﬁﬁts ks Béé’r@sé"&ﬁehmla W iR/ Retﬂb&ﬂnty _{_rom around

coefficient and keep optical pathlengt s short

QB2 foriapigye ffadﬂe Ta/PWp@aletSd@Qtﬁ ot Jighlowlaiires Tupe 3 paints, to 0.4 for
maa.uml shBd&sBotyRealdiRe bRE 0SUbf @GR sHéwJSCHfW g)\éﬁﬁsed

am ni mum't hi ckness of binder wth nspar ent
p| grrents to give the required colour. Scattering

©hd %ﬁib%d“éhmofiaHQRT 'ré\‘fe'cwet Sllgﬁféﬂf 5P Sgogﬁ@oﬁompositon, which

surfaces will increase osses from TI _
mﬂe?f@aﬁélfaébw&%pf wgtqﬂﬂ@ﬁ@w%@f thRePrien Atiapewaches Tutes 1-3 is now
&dskgsdes of the addition of | ow aspect ratio pignent
particles to formcoloured IRT reflective paints is to
decrease the maxi mum I RT reflectivity from around 0. 85

FiQlire® W%BIEQK‘%kJ Yd?%u%h@ﬁb@é&dlhé’ tcp’rhg ibRntibh gﬂtﬂa*ge, 1, consists

coloured T pai nts, um shades
of Folbres 'a)éﬁfrﬁt@cwﬁj 2436} éﬁy%faﬁu% t%ﬁw@ab‘?wﬁﬂer@tw@ cgre flake. Layer 4 is

db@té&it&w el KIHdEaBH Ia%rs N 6|f5§'Tn%a‘2frbr%C§ bY&i @r%‘ﬂ%%nse coloured,
for use in a codtin OSI ?

'Redepspasard M- The C@gmr Hverc .8 PEvidenaephaniga &trtength and chemical

eﬁﬂ@r@ﬁ@mﬁm;w@@ctkﬁoltﬁe FQVeRRAG bc?r@qllaké:'@ur e 3 shows

a typical flake fornmulation according to
invention. A flake, 1, consists of a three Iayer

'ﬁierlmtré'f%étl\/ezcoré’ﬂa@ (dérﬁif@d b nln%eH@f ih 1 ré %T canhbe formed from a

reflective core Layer is coate
\@p@é/a[j?tycg,q pgtals &yemgtalgc %Iqegrbfﬁd’Of ﬁr@ﬁncgs@yw»Q@re dlr is formed from

MRRUN BRIl SR QMY Blve 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.

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, phtalocyanines and
anthroquinones.

A specific flake construction is a 800nm (+100nm) thick colour layer (2,6 in Figure 3)
formed from Elvacites 2041 polymer binder (produced by ICI Acrylics) with 10%wt/wt of
Neozapon blue 807 (produced by BASF PLC) colour dye and a 35nm (+5nm) thick
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| RT transparent film The colour layers 2, 6 provide
mechani cal strength and chem cal and environnental

w@ewsmeer’son to the IRT reflective core flake, BCT/GB2004/003005

| RT refective core flake, (denoted by nuneral 4 in
Figure 3), can be forned froma w de variety of netals
or nmetallic oxides but for the3case where it is forned
fromalumnumit will typically have a thickness, (8

i n Fi of between 30 and 40 nm_ For a chrom um

3), wee .
AT R0 QYR T oL dr B B TerTaiatan Jae oke os an R,

dARsHIY inThE rarb@H5 L YRl a datk Bluebofdugur € 3) .
typlscgylllny Wrelﬁfg have a thi cakness of 02(510 2000nm and

conprise a filmcontaining 1-20% wt/wt of dyes or
AtfRe seedramgad tABLiSendb carE’é@rfB}n?esd ﬁ’]fa %lhé ?mf ‘%va?@l%'fr%rpreferred

bi nders are_acrylic resins such as poly hyl ,

Bethed @W%EWM%@ desgiibedsdoliiss i ncl ude Azo et aI

conpl exes, phtal ocyani nes and ant hroqui nones. A

specific flake construction is a 800nm (100nm thick

R S8 thickyraerificial avebrpf polygthylepp tersphibdlate polyEey ol sewated with a

D S 08 A BT st o

@Slt'@ﬁ‘i@ed@@aﬁﬁ% ohtheg saatif{ok vebt by eitter lfnere*fﬁlpwmqa&rﬁg ecg@vure printing
ﬂ)r@b!@Jseé drieB %#ﬂ&wam/ cur%BrTl*ﬁlé‘ %Q?ﬁw{l%lm%r?e{)&fqge E&guriayers (2,6 in

has an em Ssi Vit range
d%(eé)dark bl ue colour. A fI ake accord| ng to this
i nvention can be forned in a variety of ways but a
referred nethod of manufacture is described as
,{;’ FYPBialuniniusivis then eapastied phtodhesuniase aithepdyeyerintainiag@olymer by

dvapsrRbhatad Igyé}%lh' ﬂf'rrn tﬁé RN rbﬁe&l?@g&% Wi f-qlgarerﬁl ease

| ayer of carnub aye ye-‘cont dr ni
pol ynmer is then deposHed onto the treated surfaces of

dhnafed Sbehid 1RP BYcdbibe OPCM"S& fd w §s(f a&rg(oo{he evaporated

ravure rlntlng pr ocesses,
%‘éﬁ‘@ﬂ’m BIREH hys Bee Jow Foatingrar grayurs pmrl’neg (paba@as 'Hhiiymwnd polymer

layorGs HRed LAY bﬁh@ﬁaﬂy Bule y?ﬁlso%ye?lr\{\glmdd?hucgﬂe h8%Biour layers, (2,6 in

eposi ted onto the sur ace e-cont al Ri Ng
Refroddr by evaporation. This | ayer WI|| formthe | Rg
reflective core (4 in Figure 3).

The coated three-layer material is then removed from the web, by for example,
immersion in hot water, other methods 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 to appropriately sized flakes
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
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



Optionally a second | ayer of col oured polyner is
deposited onto the evaporated al um nium again by a

w0 e@e/061764v coat i ng or gravure printing processpPCTBEB2004/003005
second polynmer layer is dried and optionally cured.
This layer will formone of the colour layers, (2,6 in
Figure 3). The coated three-l.ayer material is then
renoved fromthe web, by for exanple, imersion in hot
wat er, other methods will occur to the skilled reader.

Gqhebinations BECRIRNaRts (caR e Usad en thrsurrer aRd laves suFgTes, the intensity of
stRidb omtdaer smétc%h'b@vaﬁé@ lrﬁ%pérﬁfeﬂﬂﬁ M8 Bedild el fr{ l cgﬁ b8'exchanged
gloatatlon nmet hods. The three-layer materia

PEAYESEEIM PlepRd ma'afpéwr@m@ eaprfqr@k angsienoliag metal reflector can be
t@ﬁtﬂv&‘ﬂh eiftdr JRriegiess Eencﬁo@é sﬁﬁ&ﬂﬂé%etowéﬂﬁ{]vﬂgéln&#fﬁghoq effects or

mat er 1 al e gene

rocesses for
SiglacL 5 ehrciont rEohIcEN Qi caud bhechiead Iagontising the firs
cfditﬁuﬂ&i ,pdylﬁfé?efllﬁﬁ]éefof‘éﬂdéﬁgsnﬂrp'bf QHA RS r?f%lcfgr'lgﬂirR_ICIearly these

FPSItIOﬂ of col oured [ms onto suitab

Hiatipgs can Arased in yarqusi srnbinatios to sreate furkier Detwalive effects.
rennval Rel at ed ‘pernutati ons of the basic structure
that will create different decorative effects will be
apparent to the skilled reader. For exanple,

conbi nati ons of colourants can be used on each side to
extend the nunber of colours available, different

col ourants orconbi nati ons of col ourants can be used on
t he upper and | ower surfaces, the intensity of shade
on each side can be varied i ndependently. The
reflective netal can be exchanged for a visually
coloured netal, for exanple copper or tungsten. The
metal reflector can be textured in either periodic or
a-periodic structures to add visual diffraction
effects or controlled diffuse reflections,
respectively. This could be achi eved by enbossing the
first coloured polyner filmbefore deposition of the
nmetal reflector layer. Cearly these pernutations can
be used in various conbinations to create further
decorative effects.Clains 1. An infrared (IRT)
reflective flake (1) conprising an infrared reflective
core flake (4) and an infrared transparent nateri al

(2, 6) which is coated on sonme or all of the



surface of the core flake (4) wherein the reflector
core (4) has a thickness of less than 0.2 mMmm 2. A
WO b@km0773d as clainmed in claim1l wherein the cPCEGB2)04/003005

has a DC electrical resitivity in the range 0.1 to 50

W 1. 3. Aflake (1) as clainmed in claim1 wherein the

core (4) is alum niumand has1shi ckness in the range

0.03to 0.04 mm 4. Aflake (1) as claimed in claim1
erein the core (4) is chromumand has a thickness

ég—%e range 0.08 to 0.12 mm 5. A flake (1) as

clainmed in any preceding clai mwherein the core fl ake

( AAnh aﬁrraae@ WR peflettRstlake (9f Célﬁ&ﬁslry]ﬁ’m wikﬂémoaré@keaﬂf@ e flake (4)
|tch rati o of |ess (1)

as a@H fafe EnissPRTeS” MR 24 %Wh@k&tl@rceaﬁeé qrhswrn@ or all of the

r al%lﬂa@a ar the dord flake (4)-wieréihake réfi@ctd’?‘scoﬁi MR 4 'ﬂné@ﬁéss of less
(ﬁclz ég% clai mwherein the flake (1) has a di anmet

™o m 8. Aflake (1) as clained in cIa|m7
vvhereln the dianeter is in the range 10 - 50 nm 9. A

3| akiakeX)) asclairmdm(tlan’ﬂ 1ClvBérBindh¥lasreeian nbd e st @l@%iri%l resmwty in
is n the_r e 40 mm 10. A flake (1) as clained

i n ERNEe 8 38%9 §22l-ai m wherein the infrared

transparent material (2, 6) conprises a non-polar or

e Alflake PO) & clAl@a M Elaip®l WiRdreih igd caBldRY %Idn?n'mﬁr‘ﬁrgrﬁ' H%é thickness
a co our ed ther col oured nateri al
€ rAN94 (ﬂég (510%#"51 m 10 wherein the i nf rar ed

transparent material (2, 6) thickness is in the range
Q. 2 flake2(Nmas tRirded irakRint 1) wiereih ahdredrd M)CllsaéHF’)émﬂcmiL%nd has a

n th i nfrare ra arent material (2, 6
coﬁﬁ%n%%m ef‘ﬁl@?&aﬁ q‘ﬁ'ﬁ’iﬂt hat optionally contains a
col oured dye or other coloured material.13. A fl ake
g 1A fleke ¢1 )aasrmlmeti iraayy mé@ezmg EIgintlvRereinthe t6relTlak8 €4)4R%6 & surface

( 4}e>2ﬂﬁ8 o?less hane‘ls/fm %f']d ang %eptﬂ?o pl%ch ratio of less than 0.5.

6. Aflake (1) as claimed in claim 5 wherein the texture is in the range 0.2 to 0.4 um.

7. Aflake (1) as claimed in any preceding claim wherein the flake (1) has a diameter of
10 to 100 um. ‘

8. Aflake (1) as claimed in claim 7 wherein the diameter is in the range 10 — 50 ym.
9. Aflake (1) as claimed in claim 8 wherein the diameter is in the range 30 — 40 ym.

10. 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. '

11. A flake (1) as claimed in claim 10 wherein the infrared transparent material (2, 6)
thickness is in the range 0.2 to 2 ym.

12. A flake (1) as claimed in claims 1-11 wherein the infrared transparent material (2, 6)
comprises an inorganic film that optionally contains a coloured dye or other coloured
material.



14. A flake (1) as clained in claim13 wherein the DC
resistivity is less than 10 Wa"1. 15. A flake (1) as
web@soensd n any of clainms 10, 11 or 12 wherei nPCTEBL@AH03005
(4) conprises indiumor fluorine doped tin oxide. 16.

A flake (1) as clained in any of clains 13 to 15

wherein the transparent coveri@g material (2, 6) .

conpl etely encapsul ates the core material. 17. A paint
formul ation conprising infrared reflective flakes (1)

5 Aotiakerd) evclaimedin any Aragedingi@aimgherainvihe gorsh(4) has a thickess of
f ondsdltgdd pAmconprising infrared reflective flakes (1)
according to any of clainms 1-16. 19. A gel coat

formul ation conprising infrared reflective flakes (1) )
He AdreAY asFlaimed #F claimai $rwhereinsthe DC resistivity is less than 10 Qo™

15. A flake (1) as claimed in any of claims 10, 11 or 12 wherein the core (4) comprises
indium or fluorine doped tin oxide.

16. A flake (1) as claimed in any of claims 13 to 15 wherein the transparent covering
material (2, 6) completely encapsulates the core material.

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

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

19. A gel coat formulation comprising infrared reflective flakes (1) according to any of
claims 1-16.



