A HEAT ABSORBING COMPOSITION Technical Field The present invention generally relates to a 5
composition for use in a coating and in a heat exchanging system. The present invention also relates
to a method of producing the coating. Background 10In tropical regions, buildings are under the hot
sun throughout the year. The S(ﬂaﬁﬁd%‘a%%bgﬁlﬁ]ﬂg sggfggg_e&%ehexterior walls of buildings to
increase in temperature. The héat emitted from thése builldings and walls causes an increase in
ambient temperature and this 15 increase in ambient temperature is felt especially in densely built-up
areas as the buildings may foim a heat-s,auélé.hl—rllov(\é%\ierﬁ,g%tl(%{lly does the ambient temperature
increase, the temperature within the buildings aISo increases. 20Hence, to mitigate the discomfort of
the heat within thelhgldings gsaditional nwelirigiaethodssacts 48 wir-coadiivring ateused. These
methods howeyer,consume &0t Lenargy, There Are lematyg methods totedugadfig fpliance 25 on
traditional energy consuming cooling methods. For example, solar reflective pain “have been
developed towoatthe Ekeriorwaisbf bulgings,aherebypreveiiing sofar radimtdmirdnreiieating up the

building intg%édﬂg\ﬁ&ertﬁé scoégrtrﬁfllgctive paints 30 only reflect away solar radiation, they do not

effectively oit such’energy. Solar selective coatings have also been developed wherein the
coatings have properties of solar reflectance or solar absorbance. These solar selective coatings
Background
10 In tropical regions, buildings are under the hot sun

throughout the year. The solar radiation from the sun
causes the exterior walls of buildings to increase in
temperature. The heat emitted from these buildings and
walls causes an increase in ambient temperature and this

15 increase in ambient temperature 1is felt especially in
densely built-up areas as the buildings may form a heat-
sink. However, not only does the ambient temperature
increase, the temperature within the buildings also
increases.,

20 Hence, to mitigate the discomfort of the heat within
the buildings, traditional cooling methods such as air-
conditioning are used. These methods however consume a
lot of energy.

There are alternative methods to reduce the reliance

25 on traditional energy consuming ccoling methods.

For example, solar reflective paints have been
developed to ccat the exterior walls of buildings,
thereby preventing solar radiation from heating up the
building interior. However, as solar reflective paints

30 only reflect away solar radiation, they do not
effectively exploit such energy.

Solar selective coatings have also been developed
wherein the coatings have properties of solar reflectance

or solar absorbance. These solar selective coatings



typicallycompriseofmetallic-ceramic(cermet) composites and endeavor to provide high solar absorption
and low thermal emittance. However, for such coatings, there are trade-offs between oxidation
resistance, high 5 absorption and low emittance. Specifically, for coatings with high absorption and low
emittance, t@e %xi%z?_t'ion resisétatrrllc% &sstel/picalg/fcomp{noerréigiq..Fu_rthermore, soIaE selective coatings
comprised ofyt%uﬁlp e Péyers oF CBmet composites to Schieve Srocpeelfﬁl@slgf high SOHEP & orption 10
and low thepmrapemittaree aHénande gontrolithe thicknede ohthglcesnitlayetss pretise-geposition
techniques tieh gs,sPiRlingdenaslion. gl tised, yhich are relafively expepsive, tedious and
energy consuming. 15There is thus a need to providé a coa]flhg At overcomes. or at fEast
amelioratest oarsr aioee dithdatisotiantagewdescribeddbbien rFhémcialsg a hegthto provide a
cost efgecti\%@gy?gigfncogﬂ buildings, 20.Summa cording to a first aspect, there is
provided a composition comp%gsing micropartl%?les 'av%%eé: E)%Crlﬂ‘% e g%é o%ﬁgm%%%%%Bngm to about
50 Am with ¥edghthahi g5 alioos Q0P feflectamse o} solaremdintiomce , Adventageodsly it
microparticles haying.. partigle size of from ahouyt 0,5 Ao aboyt 50 fim gonfer onfg the composition
low reflectance values of less thalgﬁabout gg% reflég:tance of solar rg%atlon. Hence, t%e ﬁsclosed 30
compositiorF e §$EsE88 hifP&BfTBaseEBrdsigdrseifation 1 t inheonkaambediafentahaebmposition
absorbs solgpradigtion.s ¥ the-mierapagicleshaves paiicie;size obless than,g 3 Am, the surface

area of the micropatrticles
10 and low thermal emittance. Hence, to control the

thickness of the cermet layers, precise deposition

techniques, such as sputtering deposition, are used,

which are relatively expensive, tedious and energy
consuming.
is There is thus a need to provide a coating that

overcomes, or at least ameliorates, one or more of the
disadvantages described above.

There is also a need to provide a cost effective
method of cocling buildings.

20
Summary

According to a first aspect, there is provided a
composition comprising microparticles having a particle
size of from about 0.5 um to about 50 um with less than

25 about 20% reflectance of solar radiation.

Advantageously, the microparticles having a particle
size of from about 0.5 um to about 50 um confer onto the
composition low reflectance values of less than about 20%
reflectance of scolar radiation. Hence, the disclosed

30 composition possesses high absorbance of solar radiation.

In one embodiment, the composition absorbs solar
radiation.

If the microparticles have a particle gize of less

than 0.5 um, the surface area of the microparticles



increases thereby permitting the reflection of an increased amount of solar radiation, resulting in high
reflectance values above 201. On the other hand, a composition comprising microparticles having a
particle 5 size of more than 50 Am will cause cracking of coatings and will thus be more difficult to use

as a coating. e iment, the mictoparticles comprise nano-sized pores. Advantageously,
the nano-si%élcf :5é%agsgngiinrn]€§§ %[r%e%’ Yefle&lion' 8%%()11xalgradi%1%1§n and tﬁfu%cl (c:)cz)lnfercf%w rétféctance onto
the compositivrrea sictoriimgitota setombaspect;akddrets provided sudddting compisinga polymer
matrix, micropa t'g:éq__sapl%v'ng @arﬁfg e % eogf frog aﬁbout 5 Am.to about 50 gm_and a dispersant to
disperse sa?c?m?croparticfles in 15 sa%lld poﬁjymeer ma?rlx‘, Wfs%rleingtrhg co%%?%& as(ngsrlsézhanaabout 20%
reflectance ePsplas ddiationconpFie disglosed toapw it ay exhibitlover selarpefiéctaiee as

compaged 1a pEIRY A CaRINGS - Aeprddlynihe. disclosed roating may:Rxhib Al 9,30lar
absorbance and thus higher solar transferability, as compared to prior art coatings. Advantageously,
the disclosetrébatingimajive dife woaBsckbiaigat Hinduntsiathast frorasatdimadiation as compared

to prior art coatingg2%Advapiagseeusi, the 9&%&'%%@%%@1&%1&9 %@@%St&&ﬁo@nd color

stable under continuous solar radiation and high temperatures of abou 0C. According to a third
aspect, ther@li§ $flovideazemethod-BF BRORERR)E t¥ating Haging l@aBehan a56ut 26% 3 reflectance

of solar radigfiganihednetad corsprising tlag steps ofsaarevidingsparticles havipg apjpitial particle
size of from about 0.5 Am to about 150 gm; b. mixing the particles having an initial particle size of

10 confer low reflectance onto the composition.

According to a second aspect, there is provided a
coating comprising a polymer matrix, microparticles
having a particle size of from about 0.5 um to about 50
pum and a dispersant to disperse said microparticles in

15 said polymer matrix, wherein the coating has less than
about 20% reflectance of solar radiation.

The disclosed coating may exhibit lower solar
reflectance as compared to prior art coatings.
Accordingly, the disclosed coating may exhibit higher

20 solar absorbance and thus higher sclar transferability,
ags compared to prior art coatings. Advantageously, the
disclosed coating may be able to absorb larger amounts of
heat from solar radiation as compared to prior art
coatings.

25 Advantageously, the disclosed coating may be
chemically stable and color stable under continuous solar
radiation and high temperatures of about 100°C.

According to a third aspect, there is provided a
method of producing a coating having legs than about 20%

30 reflectance of solar radiation, the method comprising the
steps of: a. providing particles having an initial
particle size of from about 0.5 um to about 150 um; b.
mixing the particles having an initial particle sgize of

from about 0.5 um to about 150 um with a polymer matrix



from about 0.5 Am to about 150 gm with a polymer matrix and a dispersant to obtain a sub_stantially
homogenous mixture; and c. comminuting the particles in said homogenous mixtur.e to qbtam the
coating, wherein the coating comprises comminuted microparticles having a 5 particle size of from

about 0.5 m_to about 50 gm. The comminuting step may be undertaken under ambient conditions.
Hence, the method adVAMRageoUaTy n%é’y n%%};eaq][ﬁre ﬁigﬂéﬁﬁ@%@%}%igﬁ‘ﬁmﬁé’%nditions.

According toraxfourth aspectdthere is prowdéed st it feattaxehanging system Comprisiag at least one

i i i in said af least one substrate is in thermal
substratg cq% %#tv%@ot#g C(r)r.}%ft%ﬁ%&s de@nedoe})btove whe}{e f ,
communication a fluid. The

eat exchanging Jéf/lste% thay b8 atfaBted ¥ feceive 15MHeat energy

from solar radiati@m%cmd@gl}eme heatrexthanhgihg 8y$tempwwthe:&wn_ta§la&r1ﬁgy external
surfacesexpgggq R%iglaé ﬁ(gagﬁn. fbf%\a?ng%%glovt\lljiff?t’ gh% %mggng gf solar_radiation received and

absorbed by the at least one substrate coate Re Coating as G8fmed abBve is 20 maximi_ze_d. In
an embodiment, thEife st @Rohandgihy Sy steepismapuitedandbe extarior wadleor thesdefof buildings.

In other embegdiment eh ghanging syst y be.mounted on trie external surface of ‘
outdoor indggtgr]%al 25%%% ec?l%aﬁrr?eﬁt, s%{g%as%%%ﬁ?mi(%ﬁrg&: Srs ot ol réfindfids. “°The fluid may
be a heat ex@@ngesid 2daprtberisers heat kagdfeped $ronr saidatdaastamne.substrate. The heat

abﬂybedbytheaﬁ%@é&@@%§0@§p a fourth aspect, there is provided a

10 heat exchanging system comprising at least one substrate
coated with the coating as defined above, wherein said at
least one substrate is in thermal communication with a
fluid.

The heat exchanging system may be adapted to receive

15 heat energy from solar radiation. Accordingly, the heat
exchanging system may be mounted on any external surface
exposed to solar radiation. Advantageously, the amount of
sclar radiation received and absorbed by the at least one
substrate coated with the coating as defined above is

20 maximized.

In an embodiment, the heat exchanging system is
mounted on the exterior wall or the roof of buildings.

In other embodiments, the heat exchanging system may
be mounted on the external surface of outdoor industrial

25 plant equipment, such as the chemical reactors of oil
refineries.

The fluid may be a heat exchange fluid adapted to
absorb heat transferred from said at least one substrate.
The heat absorbed by the at least one coated

30 substrate may be transferred to the fluid. The heated
fluid may be configured to exit the heat exchanging
system, thereby cooling the heat exchanging system and

thus the buildings on which the system is mounted on.



30 substrate may be transferred to the fluid. The heated fluid may be configured to exit the heat

exchanging system, thereby cooling the heat exchanging system and thus the buildings on which the

system is mounted on. Definitions The following words and terms used herein shall have the

meaning indicated: The term "patrticle size"ﬂs %o be 'nteﬁJreted 5 broadly to refer to the diameter of the
al.

particles where they are substantially spherlce e Jpg fEles may be non-spherical and the particle

size range may refein¢o thel éguivalenwwdiadetemaf the pasgiclessdlaiveddrsphiecal pestiales or may
refer to a dlg}?nsmné%%r%[hil% breetdt ,.height or thickness) of the non-spherical particle. The

prefix "nano as Lset e COntet oF the specification is to be interpreted broadly to, unless specified,

refer to an averag&particteesime of petvesari 25 aboaet nmite abopt 1880 nim Tdwegprefix dmicro” as
used in;the ggntgéﬁgf th sgg@'g%atigg isttgebe dnt%g%t%d I%rga%IM Jo, uﬁ,gl SS %pecifiegérlgaéer to an
0 om.’T

average particle siz etween about 1 m to about hewordsu ‘néf:an@t"fe’llIy"‘"r oésnhotexclude
20 "completeheie. ascomiposition twilddh is "sptistantally freFhfonpdrmay bescompietebe free from Y.

Where necq.ﬁiq%ﬁggﬂqggl"sugﬁ@ngﬂg" @Qi‘t%? cirgittg(iggm rthe definit‘_lhon of t}%e ;Tnv%rg)tion. Unless

specified otherwise, the terms "comprising™25 and "comprise”, and %?ammmgtichvfrlants thereof, are
intended to ¥&Sreseauiopeker "indhihal9angadge sheh tpatheéy ivstude edaitetvelerants but also

permit inclusionaqf adeitiopal- uniadied glemanys. A3 used ferging e teHToAoL, g e context of
30 concentrations of components of the formulations, typically means +/- 5% of the stated value, more
10 breadth, height or thickness) of the non-spherical
particle.

The prefix ™“nano” as used in the context of the
specification is to be interpreted Dbroadly to, unless
specified, refer to an average particle size of between

15 about 1 nm to about 1000 nm. The prefix “micro” as used
in the context of the specification is to be interpreted
broadly to, unless gpecified, refer to an average
particle size of between about 1 um to about 1000 um.

The word “substantially” does not exclude

20 “completely” e.g. a composition which is “substantially
free” from Y may be completely free from Y. Where
necessary, the word “substantially” may be omitted from
the definition of the invention.

Unless specified otherwise, the terms "“comprising"

25 and ‘"comprise", and grammatical wvariants thereof, are
intended to represent "open" or "inclusive" language such
that they include recited elements but also permit
inclusion of additional, unrecited elements.

As used herein, the term "about", in the context of

30 concentrations of components of the formulationsg,

oL

typically means +/- 5 of the stated value, more
typically +/- 4% of the stated value, more typically +/-
3% of the stated value, wmore typically, +/- 2% of the

stated value, even more typically +/- 1% of the stated



typically +/- 4% of the stated value, more typically +1- 3% of the stated value, more typically, +/- 2% of
the stated value, even more typically +/- 1% of the stated value, and even more typically +/- 0.5% of
the stated value. Throughout this disclosure, certain embodiments may be disclosed in a range

format. It should be understood 5 that the description jn range format is merely, fo venience and
brevity and‘%#%)ﬁ?d no?%ge chgt?ueﬁ%geanglmelx%llgq%itgt’l/on ofﬁ't%]é s?o%e of t e%?%&gggd ranges.
Accordinglywdieelescription of a range should be considered to have specifically disclosed all the 10

possible sub-ranggs 2s yuell 43 Indiyidualaumerigalaluesyitin hal iange Forexargle, description
of a range such as from I to 6 should be considered to have specifically disclosed sub-ranges such as
from 1 to 3 HeondistoUydroin 110 B, frran@eto Aofoat2 oL, froneedd 198 etdey Hehas individual

numbegs wiflip that kandeg fof 1Bk %8s 4 2ng0d 6 Thissapplies regardlass ofdhe breadth of
St

the range. Detailed Plsclosure 0 bodiments 20Exemplary, non-limiting embodiments of a
compositioreeliieowvecgissndedrev i pnainlsdimbht, HRrels pRARFEd A 8npdsABn comprising

microparticles having a paridlg sizeaffromahout 5 Amigabou B0 rath less dhassalout 20% 25
reflectance of solar radiation. Solar radiation is the amount of energy impinging on a specific area of
the Earth. WhageBlardsgiatgangly, the description of a range should be
considered to have specifically disclosed all the
10 possible sub-ranges as well as individual numerical
values within that range. For example, description of a
range such as from 1 to 6 should be considered to have
specifically disclosed sub-ranges such as from 1 to 3,
from 1 to 4, from 1 to 5, from 2 tec 4, from 2 to 6, from
15 3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2, 3, 4, 5, and 6. This applies
regardless of the breadth of the range.

Detailed Disclosure of Embodiments
20 Exemplary, non-limiting embodiments of a composition
will now be disclosed.

In one embodiment, there is provided a composition
comprising microparticles having a particle size of from
about 0.5 um to about 50 um with less than about 20%

25 reflectance of solar radiation.

Solar radiation is the amount of energy impinging on
a specific area of the Earth. When solar radiation
strikes an object, one or more of the following may
occur: reflection, abgsorption or transmission. For

30 example, a part of the incident scolar radiation may be
reflected off the surface of the object, a part may be
absorbed within the object and a part may be transmitted
through the object. Accordingly, the total Incident solar

energy (I} on an cbject may be expressed by the sum of



strikes an object, one or more of the following may Occur: reflection, absorption or transmission. For
30 example, a part of the incident solar radiation may be reflected off the surface of the object, a part
may be absorbed within the object and a part may be transmitted through the object. Accordingly, the

total Incident solar energy %) an object m e expressed by the sum of the solar Reflectance (R),
solar Absorb ﬁces(ﬁ?,%d 8%?’@[?5 fﬁan%ég()T): Iéioﬁi + RSO iR, th@i(ﬁlar%gsorbance can
be expressed aarSA=iRRml t taAgis eiident by the above equations, if an opaque coating is applied
on the surface of a heat exchanger, the quJar_r iatiqln Transmittance (T) may be considered to be so

d
small such that T is considered to zero. Thus, %b the 'solar Absorbance (A) for opaque materials may
be expressed as: A=idcR, thccordiaglyrbsatbdalthathas bigherpolas Kefleeance (R) will thus

have I%wer solar Absorbance A=T-R-T
As is evident by the above equations, if an opague
coating is applied on the surface of a heat exchanger,
the solar radiation Transmittance (T} may be considered
to be so small such that T is considered to zero. Thug,

10 the solar Absorbance (A) for opaque materials may be

expressed as:
A=T1-~-R
Accordingly, a material that has higher solar
Reflectance (R} will thus have lower solar Absorbance

15 (A), thereby resulting in a reduction of heat energy
accumulated within the material. On the contrary, lower
Reflectance {(R) of solar energy will result in higher
gsolar Absorbance (A), which enhances molecular vibration
and generates heat accumulation within the material.

20 Accordingly, as the disclosed composition has a low
reflectance of less than about 20% reflectance of solar
radiation, it is thus capable of absorbing a large amount
of heat energy from solar radiation. The heat absorbed
may be transferred through the composition. Hence, the

25 disclosed composition may advantageously be capable of
transferring the absorbed heat and exhibiting high solar
transferability.

Solar radiation comprises a spectrum of infrared,
vigible and ultraviolet 1light. Advantageously, 1in an

30 embodiment, the disclosed composition has been found to
be substantially better at absorbing solar radiation in
the infrared region. Accordingly, in an embodiment, the
disclosed composition may advantageously be capable of

absorbing a higher amount of solar radiation having



15 (A), thereby resulting in a reduction of heat energy accumulated within the material. On the
contrary, lower Reflectance (R) of solar energy will result in higher solar Absorbance (A), which
enhances molecular vibration and generates heat accumulation within the material. 20 Accordingly, as

the disclosed composition has a low reflectance of less.than ahout 2006 teflectance ofisglar radiation,
it is thus ca"ﬁaa%?eg]gp gg—‘s%srbir??él a‘fglr%e %ﬁgount §?€1eat€}1ergy from solgr radiation. ?phelheat absorbed
may be traasferrediipreaighihegomposition. Hence, the 25 disclosed composition may

advantageously bg,capable. of ransferring the ahsorhad eatagd exhipiting highsalaeigansferabilty.

Solar radiation comprises a spectrum of infrared, visible and ultraviolet light. Advantageously, in an 30
embodimematheididelosszeonsfosfivprhaspesl fdurkl téBe sabstREHY BBttet ™t aB$5rbing solar

radiatign in ég%{[g?ged gipn . Agcordingly, inan eghodimgnt, the.disglosed comppsitiga may
advantageously be capable of absorbing a higher amount of solar radiation havinl% wavelengths in the
infrared regie s tompieito Pror EesmpestisistinanhetistidBd ahcidbarticRs fifay have an

average pagticle size.of fegm ahout Q.5 to,akaut 59 MuThe.§ ausage particl:size ofthe
microparticles may be selected from the group consisting of from about 0.5 m to_about 50 Am, from

about 1 m @kt 50 g, FBMPEsBLE 5TR (‘8o 507 ARG abblt #F'mt8 aBBEES0 i from about
15mto abcghg 50 fromhout 28 Mo 1 abeuiiR0 mo fram, abprism5 apéaabaut Seimetsom about 30
0

m to about m, from about 35 m to about 50 m, from about 40 m to about 50 m, from about 0.5 m to

aboui80 makertatiit 81 mEBABoAPSE . FOMEb&Gt FPEHo bR it Frln 2B3HF0.5 m to

about 25 M3 35 M @boui&dm twaheut 28 adraabeteut 55 pio eboackum, Fomabout 0.5 m to
about 10 m, from about 0.5 m to about 5 m, from about 1 m tg about 50 m fr%msabout 5 m to about 20
m. and fromt&58Ut 3RS afdut HE nfo about 50 um,  from about "U.5 7 gm to

about 40 um, from about 0.5 pm to about 35 pm, from about
0.5 pm to about 30 um, from about 0.5 um to about 25 pm,
15 from about 0.5 um to about 20 pm, from about 0.5 um tO
about 15 pm, from about 0.5 um to about 10 um, from about
0.5 um to about 5 pm, from about 1 pm to about 50 um,
from about 5 um to about 20 um, and from about 5 pm tO
about 15 um.
20 In one embodiment, the microparticles have a
particle size of from about 5 um to about 15 um.
In one embodiment, the microparticles comprise nano-
sized pores.
The nano-sized pores may have a pore size of from
25 about 1 nm to about 500 nm. The pore size of the nano-
sized pores may be selected from the group consisting of
from about 1 nm to abocut 500 nm, from about 50 nm to
about 500 nm, from about 100 nm to about 500 nm, from
about 150 nm to about 500 nm, from about 200 nm to about
30 500 nm, from about 250 nm to about 500 nm, from about 300
nm to about 500 nm, f£rom about 350 nm to about 500 nm,
from about 400 nm to about 500 nm, from about 450 nm to
about 500 nm, from about 1 nm to about 450 nm, from about

1 nm to about 4900 nm, from about 1 nm to about 350 nm,



20In one embodiment, the microparticles have a particle size of from about 5 m to about 15 m. In
one embodiment, the microparticles comprise nano-sized pores. The nano-sized pores may have a
pore size of from 25 about 1 nm to about 500 nm. The pore size of the nano- sized pores may be

selected from the group consisting of from about 1 nm to about 500 nm, from about 50 nm to about
500 nm, fro% 3? % s 678 %ﬁt 8551, #oMh BBoutTEF ARG Yhodt 550 &M, #BRY&Ebout 200 nm

to about 30 590 nnm ,fralr@hodbaa® Nm rabedt 58Gam, from about S8 t»about 589 nm, from
about 350 nm to %JOUI 5 m from bout 400 nm to about 500 nm, from about 450 nm to about 500

nm, from about R o a ti"gb n rf?glmaa QU1 Am Bardtt #2561, #8%h aBBut PR to about
350 rim, frafraboebdimm 110 ahoutc3@0bou; fret abkaut 1 nm to about 250 nm, from about 1 nm to
about ?580 nm, frorg about 1 nnbg)d%)n%%tmo am, froa[rxl1 3bgtitz%a m ptgr%bsouhégr% nm, ggdr (farom about 1
nm to about 50 nm.

size of from about 1 nm to about 300 nm.

The nano-sized pores may be present on the surface
of the microparticles. Due to the nano-sized pores being
present on the surface of the microparticles, the

10 microparticles present a substantially uneven surface.
Advantageously, the uneven surface prevents a high amount
of solar radiation from being reflected and thus confers
the property of low reflectance ontc the composition.
Accordingly, the microparticles comprising the nano-sized

15 pores may be able to absorb large amounts of heat.

In one embodiment, the nano-sized ©pores are
dispersed substantially over the whole surface of the
microparticle, causing the Unevenness to occur
substantially across the surface.

20 The microparticles may be comprised of a material
capable of absorbing heat energy from golar radiation.
Advantageously, the material used is capable of
withstanding high temperatures. Hence, the lifespan of
the microparticles, and thus the compogition, may be

25 prolonged. Accordingly, the disclosed composition and
coating may also be chemically stable and color stable
under continuous solar radiation and high temperatures of
about 100°C.

In one embodiment, the microparticles are comprised

30 of a ceramic material.

In another embodiment, the microparticles are
comprised of a material selected from the group
consisting of silicates, silicon oxides, aluminates,

aluminum oxides, zirconium oxides and mixtures thereof.



5In one embodiment, the nano-sized pores have a pore size of from about 1 nm to about 300 nm.
The nano-sized pores may be present on the surface of the microparticles. Due to the nano-sized
pores being present on the surface of the microparticles, the 10 microparticles present a substantially
uneven surface. Advantageously, the uneven surface prevents a high amount of solar radiation from
being reflected andtHuScoHTers thBPtoperly bi-fod retfBRRFEBYRES theEonfosRBRtABSordingly, the
microparticles tampsisirigethé inanv=sized 15 pores may be able to absorb large amounts of heat.

In one embodimen&,r'{he nano-siz??:j gores are dispersed substantially qver the whole surface of the

eMneds 15 Bk curr SiBERntiAfy aBoS¥ 1€ Suridce AR Ricroparticles

microparticle, causing the Uneven
may be comprispeif frmaterial papablerof absoing heat erergyftom sekar radiatiog. a
Advantageously, the material used is_capable of withstanding high temperatures. Hence, the lifespan
of the n%icro §Fyti%fe(§%n§ this tﬁ%dcg%%%s%%ﬁ}ir%ayg bgz’é“ﬁ)rtjflgn(j-1 P Aecaitingly, & didclosed

compositiorddmpegating-may alsodiesglemieallysstakdle and«cotgr=stalile Lssler gentinsaus solar

radiation an (_l;'ﬂ lemperatures of q_lbout 100 In pne embodiment, the microparticles are
comprised 30 of a ceramal[c matérial. r%%n(c%t]ﬁgr ém g&.ﬁ%n ,Fﬁ?e r#csrgpae &8s l%oc%fmprised of a
material sel@éted i eed grote edhsistirarofsilithses] silicon oxides, aluminates, aluminum oxides,

zirconium oxides apdanigirenileragl ... memplaniondimiting embodiments ol ageating wil
now be disclosed. In"oneé embodiment, theré is provided a coating comprising a po?ymer matrix,
micropérticle¥ Bawing al% panicreadizd ¥f from abputiis tmipicabmit S0-nsrtia dispgisant to disperse
said micropagiclgs iR said; polymer matrix, wherein the coating has less than about 20% reflectance of
solar radiation. The polymer matrix may be any suitable solvent-based 10 organic resin matrix or
any suitable water-Fas&Pgcrfiltnedieaix. the solvent-based organic resin

matrix may be an oil-based organic alkyd resin matrix. In
one embodiment, the organic alkyd resin is an oil-

15 modified alkyd resin.

Advantageously, the organic alkyd resin matrix and
acrylic resin matrix are resistant to exposure to
weathering and normal wear and tear. Accordingly, the
coating may be used to coat external surfaces that are

20 exposed to the atmosphere.

Further advantageously, the coating comprising the
organic alkyd resin matrix or the acrylic resin matrix
may be applied on surfaces at ambient conditions and is
thus easy to use.

25 The dispersant may be any suitable dispersant
adapted to aid the dispersion of the polymer matrix and
the microparticles in the coating. The dispersant may
comprise of a lower alcohol such as a C, to Cs alecohol. In
one embodiment, the dispersant comprises butanol.

30 The microparticles having a particle size of from
about 0.5 um to about 50 um may be present in the coating
in an amount from about 10 wt% to about 40 wt% of the
total weight of the coating. The microparticles may be

present in an amount selected from the group consisting

10



In one embodiment, the solvent-based organic resin matrix may be an oil-based organic alkyd resin
matrix. In one embodiment, the organic alkyd resin is an oil- 15 modified alkyd resin.
Advantageously, the organic alkyd resin matrix and acrylic resin matrix are resistant to exposure to

Weatheringoaé'\da%%L alt]hvgearta%ndttﬁeagb%%%orgiggwtgahe o aéigg m y\?ﬁ%#s@%‘_t% gggtteggrnal surfaces
that are 20 exposeé1 o the atmosphere. Further advantageously, the coating comprising the
organic alkyd ¥esif matrizbotite acrylic fesie netdmaybewdipliedormrsrfawes at @nmibiént conditions
and is thus easy jo use- 25The.dispersant gy be Ay suilalle dispsrsans gdapied ta gightne
dispersion of the po1]lymer matrix ‘and the microparticles in the coating. The dispersant may comprise of
a lower alcelisistich Giswt@?2 te Cékaieshal Sinwshe, enfisodimaht e dispersantcorapdsss butanol. 30

The micropggiclgs,having, pagicle sizg of from-abait 3.5 gmdo about $9.Am may he present in the

coating in an amount from about 10 wt% to about 40 wi% of the total ‘weight of the coating. The
microparticles‘maychepragentit aritdmodmoseladrsdifromthégfoupTonbigtitg ©F alvédt.-10 wit% to

about 40 wigh,alqul 1 01% {0 8R0YL35 Wb, amcahont L0t %40 ShouL3R, Wiy, frgm about 10

wt% to about 25 wt, from about 10 wt.% to about 20 wt%, from about 10 wt% to about 15 wt%, from
about 15 witeto BbEHPB A WHF, At ABBUZCPRER 0 ABoRA0 P HonPaboRPEB wtdhPto about 40

wt%, from ghout 30 wipr tq-albqut 40 WKy and fram a@ggtﬁ%%@% to about 40 wt%. In one

embodiment, the microparticles are present in an amount of about 25 wt% of the total weight of the
coatifd 10The polferPRAIRPHayBE bidsehtih the cBARRFRtanEmbhst 7R abBEt 56'wt% to about

80 wt% of the, tofalbmeight-ofhe £9atiry.stheRalymer Bistiixmay bawpresant ihan amesnt selected
from the group consisting of about 50 wt% to about 80 wt%, from about 55 wt % to about 80 15 wt%,

from about 86 ¥ t0%botf80 7Re: Hn abbs: @RS aBG BT WRR Y& aBd&ERTHut% to about

80 wt%, frorvabgut Zaavidhtosabout 8OAWtRe:Jron BEoYiRR.Wt% te abetti Haywh froabaheut 50 wt% to
about 70 wt%, from about 50 wt% to about 65 wt, from about 50 wt% to about 60 wt%, 20 and from

about 50 wt?8 to*4boutss RPH oné BmBbaimeht e FOGHEr matri¥ i€ preSerftiTH afBunt of about
65 wt¥sof the totalfreighteithe coatings tol hesdispersanivibay berquesamidnthesgoaliry in an

amountﬁm@gmgggggmgg05¥gyt gg%%gggﬂgtqglwt% to about 80 wt%, from
about 7% wt% to about 80 wt%, from about 50 wt% to about
75 wt%, from about 50 wt% to about 70 wt%, from about 50
wt% to about 65 wt%, from about 50 wt% to about 60 wt%,
20 and from about 50 wt% to about 55 wt%. In one embodiment,
the polymer matrix 1is present in an amount of about 65
wt% of the total weight of the coating.
The dispersant may be present in the coating in an
amount from about 5 wt% to about 20 wt% of the total
25 weight of the coating. The dispersant may be present in
an amount selected from the group consisting of about 5
wt% to about 20 wt%, from about 10 wt% to about 20 wt¥,
and from about 5 wt% to about 10 wt%. In one embodiment,
the dispersant is present in an amount of about 10 wt% of
30 the total weight of the coating.
The coating may be used as a paint.
The coating may be substantially organic.
Advantageously, the substantially organic coating may

easily be applied onto surfaces.
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25 weight of the coating. The dispersant may be present in an amount selected from the group
consisting of about 5 wt% to about 20 wt%, from about 10 wt% to about 20 wt%, and from about 5 wt%
to about 10 wt%. In one embodiment, the dispersant is present in an amount of about 10 wt% of 30 the

total weight of the cgati%g. The coating may be used as a paint. Thecoatingmaybesubstantiallyorganic.
Advantageously, tH&SuFSERtAR SH5EnIEToRMRY AR eaRilyPhY a&bi?e%aéﬁtﬁ sHAYce¥Ite The

coating mayhe typplied inrany suitallp gy offie suitacesnicor gxemple, the.¢entiag may be brushed
onto surfac%s or.ma be spra ed onto surfaceg. Advanta eousg%the coating may be applied onto
surfaces at ambient s temper &S SREFAS gSOUSty, TRE 7R Eart%?e%aﬁ%\?egg‘ﬁ‘éﬁﬁe size of from

about 0.5 Anhte aboatSthém nthgrehyecorfpringelow milectancervedues:of less tham abaut 20%
reflectagce 82 solg; g%q}[%tion on the disclosed coating. 10 Accordingly, the disclosed coating may
advantageousrf/pbe capaﬁé of absorbing a high amount of heat energy from the solar radiation.
Further, the disclogetrenatinrmaylatso bsheapablerafiisansieriing theaabsorhedobeati Ehe heat

transferabilify: of the coating may he 15 m red from the increase in temperature of the coating. In
yl%e %0 p&)m =1 %a I'% ats %

. © . t :
one embodiment, the temperature ot the coa mg‘tllrr\ncreages gbowt5C whert The coitehtraYion of the

heat absorbifgiéeating s frorw alyeutle:0 tE e sl akeut O031g/em 2 timatheibwatds2ohen
compared w3 uet a20palag atcanepliatigns ol UR.0/GTE D %03 /i [hg femperature

of the disclosed heat absorbing coating at the same concentrations is abou C%lé‘héﬁﬂén the prior
art coafing. Faeisdiing ay fde |83S theprgisbut 28%i refie otaiceads ahselge ratkdtionbin one

embodiment, 4he cpating:pogsesses: figm abeut 0% (pahaut 209 reflectange of solar radiation. In
I

one embodiment, the coating possessés about 10% reflectance of solar radiatiori”In this embodiment,
the solar refiétarit@lid eadticttdcibrdifgBohte the ABTEM Ci54D-6 Standarding may

also be capable of transferring the absorbed heat.
The heat transferability of the coating may be
15 measured from the increase in temperature of the coating.
In one embodiment, the temperature of the coating
increases about 5°C when the concentration of the heat
absorbing coating is from about 0.015 g/cm® to about 0.03
g/cm®. In other words, when compared with a prior art
20 coating at concentrations of 0.015 g/cm® to 0.03 g/om?,
the temperature of the disclosed heat absorbing coating
at the same concentrations is about 5°C higher than the
prior art coating.
The coating may have less than about 20% reflectance
25 of solar radiation. 1In one embodiment, the coating
possesses from about 10% to about 20% reflectance of
soclar radiation. In one embodiment, the coating possesses
about 10% reflectance of solar radiation. In this
embodiment, the solar reflectance is measured according
30 to the ASTM C1549-09 standard.
Exemplary, non-limiting embodiments of a method of
producing microparticles will now be disclosed.
In one embodiment, there 1s provided a method of

producing a coating having less than 20% reflectance of
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Exemplary, non-limiting embodiments of a method of producing microparticles will now be disclosed.
In one embodiment, there is provided a method of producing a coating having less than 20%
reflectance of solar radiation, the method comprising the steps of: a. providing particles having an

initial particle g‘ize of frgm hout 0.5i '

to about 150 m: b. mixing the part aving arn. initial particle
size of front 3bdut 0:5 p‘"rLﬁ—zl o abdut % mm\?vﬁﬁ%épo?frﬁgF rﬁgﬁfggan’grgedié%gggnt#%qob%in a
substantiallyrhondgemoupaixtiog;eend itagdmgnirmuting thistparticlgzsin tshid Bonsdg@nows mixture to
obtain the goating, wherein the coating comprises commigyted micro articlg }pﬂ)( g @jparticle 10 size
of from abgﬁfj)]f%% m%aog%out}as‘ogm. a w0 In%(?ne Eé‘%ﬂ%%%imrgr%gth particles havj?ng a iniﬁg particle size
of from abqea Bt5. nilesaboay 15Q meare tomipiiséd patterdmic siaeriabfin fnethepbpibodiment, the

P e oo o> ENeLBAE © 926 oIy ANON G BALPREY: "D e comprisee o
material selected from the group consisting of silicates, silicon oxides, aluminates, aluminum oxides,
zirconium ckigaz=asdniixtines tidrash The digeRiseapatidys haviagarsattcl&siEWIR0 from about

0.5 m 10 abgul15Q I e AENe,romany suliahle paurce; # may be anpsroakis! the

particles having a particle size of from about 0.5 m to about 150 m may have a particle size distribution
which diffemsifrsriBourdeto soRkcel25IH-bRe eftRidiMment, tHERBEAE stepom TR High shearing

mechanical higndinge Lhe staprotmidg mayhe.yaderiakendfor gLryation of tipeyuitable to obtain a

homogenous mixture. The step of mixing may also be undertaken at ambient temperature and
presstife. 386N EnfbiRiimeRO e ComntiRuthty SRPHonTitisé® a high shear process step.  The

high shear procesgsteg.{aay-he,a pallzAlling step. Jhedalds ssedignthadalomillirg stepaimay have a
diameter of between about 8 mm and about 10 mm. In one
particle size of £from about 0.5 pm to about 150 um are
comprised of a ceramic material.
In another embodiment, the particles having an

15 initial particle size of from about 0.5 um to about 150
ym are comprised of a material selected from the group
consisting of silicates, silicon oxides, aluminates,
aluminum oxides, zirconium oxides and mixtures thereof.

The disclosed particles having a particle size of

20 from about 0.5 um to about 150 um may be derived from any
suitable source. It may be appreciated that the particles
having a particle size of from about 0.5 um to about 150
ym may have a particle size distribution which differs
from source to source.

25 In one embodiment, the mixing step comprises high
shearing mechanical blending. The step of mixing may be
undertaken for a duration of time suitable to obtain a
homogenous mixture. The step of mixing may also be
undertaken at ambient temperature and pressure.

30 In one embodiment, the comminuting step comprises a
high shear process step.

The high shear process step may be a ball-milling
step. The balls used in the ball-milling step may have a

diameter of between about 8 mm and about 10 mm. In one

13



embodiment, the diameter of the balls used is about 10 mm. The number of balls that may be used
for about 30 grams to about 160 grams of the mixture is about 9 to 5 about 27 balls. In one
embodiment, 27 balls are used for about 100 grams of the mixture. The high shear process step
may be undertaken for a duration of about 30 minutes to about 120 minutes. In one embodiment, the

high shear FT3ESSE TePtis ufiGSitaREATSEES 6@ Miniss. Palfife MG Shest pRRRYS stbp may be

undertakenakhatmospheric temperature and pressure. Hence, the disclosed method advantageously
may not require high tem er%ture or hig)glgressure conditions. 15The comminuting step ma

y
comminute the partitfes HaURGT SEtidtasie of o difYit 6§ ARPRFabbat 158 to 2%article size

of from abogthbAntto alloni 60 Ast THeoasNvfutitgesstepiRay: also pProdyBewanassized pores on
the con%minu}?d Ugi%opﬁggg S. H%nce in one 20 embodiment, the comminuted particles having a
gm

ot from abolto. 3ali 5TTRR Mbtise rfahot82ddPpares. USethef@mminuting

particle’size 0
step may naaksyuthel partigissize alisttibation: aftthesparticles. In one embodiment, the 25 comminuted

microparticles hav rticle size of from about 5 Am to about 15 gm. Advantageously, the
substantially unevézzfnl‘%lgfj(?1'“}::1L Ear|§s]:|1rc1ﬁ'h'§‘f1 ﬁoﬁlrtﬁgen%%o-ss%&l f)%args %Fes@ﬁfigﬁ ﬁ%{gﬁ’rfzgc%roﬁhe
comminutedimmicrbparticle’s prevents Fhighranent30 efisoldar radiation fratekeingmeftested.

Accordingly .the comminuted micropayticles comprising the nano-sized pores made by the disclosed
method ma;/a be%ble to absorﬁarge%ﬁmoéurﬁ%%?%ggf 453 x%e{ra’r?plér@, F\%lrcli |r1f1tft|a?]nfgegm585iments of a
heat é&harfgingsysteewill now be disclosed. In one embodiment, there is provided a heat

exchanging SySterTr}ﬁgmﬁlﬂ%ng aéﬂ%%ﬁl orﬂﬁ'é'&@%@testep may be undertaken at

atmospheric temperature and pressure. Hence, the
discleosed method advantageously may mnot require high
temperature or high pressure conditions.

15 The comminuting step may comminute the particles
having a particle size of from about 0.5 um to about 150
pm to a particle size of from about 0.5 um to about 50
um. The comminuting step may also produce nano-sized
pores on the comminuted microparticles. Hence, in one

20 embodiment, the comminuted particles having a particle
size of from about 0.5 um to about 50 um comprise nano-
sized pores.

The comminuting step may narrow the particle size
distribution of the particles. In one embodiment, the

25 comminuted microparticles have a particle size of from
about 5 um to about 15 um.

Advantageously, the substantially uneven surface
arising from the nano-sized pores present on the surface
of the comminuted microparticles prevents a high amount

30 of solar radiation from being reflected. Accordingly, the
comminuted microparticles comprising the nano-sized pores
made by the disclosed method may be able to absorb large

amountg of heat.
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5 coated with the coating as defined above, wherein said at least one substrate is in thermal
communication with a fluid. = The heat exchanging system may comprise of opposite-facing
substrates having the external surfaces coated 10 with the coating as defined above. The heat

exchanging system may further comprise, of g tube between the opposite-facing substrates, wherein
the tube substantirgffy{/egglggjﬁgg alond R ORGRIAS ax%“ﬁfﬂ%ﬂ@ﬁt&ch%ingasys@ﬁﬁtism one

embodimeng:thadusel ogmypyisesof at illehand Ba adtletdhad connection with each other. The fluid
may be pumped into the tube from, the inlet and exit the tube,via the outlet. The pump may be any
suitable pump knovE\(/)Irl] in %%eart.?%&mglfm%l %ay b%hae fiid hdfing Righ'spatitic hdat &%%gity, i.e. a
heat sink. Ireagembiogimesty dtefluid doageds trgharge fluidadapted:ie absaibsheaiteansferred
from thg at IgggtC%rée %Lik%%tr t elnc%netembodiéne({g, the flélid lg water. 'Igle water may.be fed from 25 a

water circulation systemin a uﬂdmga.‘ “'%h Gihe embodimen) ) ﬁ%ilhle‘f'a%ﬁ%hxﬁefgfédor‘?'épposite

longitudinal sfgestof treshesitestharigingisystem. rhanothér embbodiment theinletanid oatlet are on
the same loggitudinal side of the heat exchanging 30 system. In this embodiment, the tube is
substantially U-shaped. It is to be appreciated that the term "U-shaped" is used to describe the shape
of the tube figuratividly ahéas nereliFanadnsiruedditemlipay compme eembobimemo theBuid is

introduced igtg the heat gxchanging Syste/m:al ambjent feperature. Ahigntiemperagurg is about

25C to 30C. The heat exchanging system may be adapted to receive 5 heat energy from solar
radiatioh. WHehiexiésed 193 8an, #fe rfingedataliondhe Slisstrhestabsowsaaraisiores the solar

energy. Thessalacheateneroystoreg in th@&@ﬁrﬂgén%%e trgnsferrgd through he subgfrate and to

the fluid, thereby increasing the temperature of the 10 fluid in the tube to give rise to heated fluid. The
temperaturePBIRAE ¥ i liRSrease FBREAHRBIENT temperiiies foiabout 4580 55CtHPBNne

embodimeng (b temperature ofthefuid in thalberrcreasesto aboys 0%, 15The healed fluid may
then exit via the outlet of the
heat exchanging system.

15 In one embodiment, the tube comprises of an inlet
and an outlet in fluid connection with each other. The
fluid may be pumped into the tube from the inlet and exit
the tube wvia the outlet. The pump may be any suitable
pump known in the art.

20 The fluid may be a fluid having high specific heat .
capacity, i.e. a heat sink. In one embodiment, the fluid
is a heat exchange fluid adapted to absorb heat
transferred from the at least one substrate. In one
embodiment, the fluid is watexr. The water may be fed from

25 a water circulation system in a building.

In one embodiment, the inlet and outlet are on
opposite longitudinal sides of the heat exchanging
system. In another embodiment, the inlet and outlet are
on the same longitudinal side of the heat exchanging

30 system. In this embodiment, the tube is substantially U-
shaped. It is to be appreciated that the term “U-shaped”
is used to describe the shape of the tube figuratively

and is not to be construed literally.
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tube, thereby removing the heat from the heat exchanging system and lowering the temperature of the
heat exchanging system. The heat exchanging system may be mounted or 20 installed on any
external surface exposed to solar radiation, such as on the exterior wall or the roof of buildings or on

the external surface of outdoor. in%ustrial plant equipment. Advantageously, the. heat exchanging
system may be inéﬁlleocf‘gn ﬁ‘n"éng &M 25 sE%’f%célﬂén t-’f:&e bﬁﬁdiﬁﬁ%%% a%%%éméﬁ%?ze@%osure to the
sun, therebypdaareasinghintecamauns péheat absorzadbfremtthecsoipe®a initered AdiationtFurther

advantagequsly, the ahsorbed heat ene b ed for further uses. 30The at least one
substrate rg%?/r%seer%%%%r& alﬁeé% g&%u%: or@lﬁé/%n% 5e‘f)r%rlbodiment, the at least one substrate is made of

metal. AccordinglyTtize atleaseauisngstrate syateadyariaydoeshdsetagable ot egmducting heat from
the co%ting cggtced tq}ergon toft{](g H{Iuig. 152N g%ggkbf)&gme%wéﬁreé#ﬁ églg;sddis ‘fi’gte%ﬂ@e heated
q asw i The

water may be supplie arm water for residential use. The heated may also be used for
industrial psgosestbBrickBederipticratBrawinys theThewrebhadamyingdeawihngs igsirate a

disclosed embodimensand seryes (0. explain the, pringiples of,the disclased embadiment.jt is to be
understood, however, 10 that the drawings are designed for purposes of illustration only, and not as a
definition oftthe lirma bitge MyEnieh. transigergeshdbrhedlschmafivldfdgrams orhdat

exchangingsystefs ageQrding to.embagiments abthe 15 iRyentionnp e rEigu2Shews giggaph of

temperature against time for a coating according to an émbodiment of the invention and a comparative

coatif  £1Pid 3 dRowshegraptref réfectdhte agalf 20-RavefeHgtl fofd edgting Be8ording to an
embodiment of the.igvention ard agomparatiescoating. Injthe,dawingss ignumgrale fenote like

arts. temperature to about 45°C to 55°C. In one embodiment, the
temperature of the fluid in the tube increases to above
50°C.

15 The heated fluid may then exit via the outlet of the
tube, thereby removing the heat from the heat exchanging
system and lowering the temperature of the heat
exchanging system.

The heat exchanging gystem may be mounted or

20 instalied on any external surface exposed to solar
radiation, such as on the exterior wall or the roof of
buildings or on the external surface of outdoor
industrial plant equipment. Advantageously, the heat
exchanging system wmay be installed on the external

25 surface of the buildings so as to maximize exposure to
the sun, thereby increasing the amount of heat absorbed
from the golar or infrared radiation. Further
advantageously, the absorbed heat energy may be stored
for further uses.

30 The at least one substrate may be made of a heat
conductor. In one embodiment, the at least one substrate
ig made of metal. Accordingly, the at least one substrate
may advantageously be capable of conducting heat from the

coating coated thereon to the fluid.
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EXAMPLES 25Example 1 20 weight % of solar heat absorbent microparticles comprised of
silicates, silicon oxides, aluminates, aluminum oxides, zirconium oxides and mixtures thereof were
added to 75 weight% of alkyd resin based matrix. 30The microparticles possessed particle sizes

between 0.5gm to iSOm %vgﬁght% of nongl phenol ethoxylate and 4 weight% of butanol were
then added as a disBer&dif toHRIFKAFRTHERES SitartHixtBWEs trhsidReETo a thfiless 5 steel

reactor withistaintsss steet balls fiaaga highssheasingppriosgss. dbe highishearng:processostep was

carried out at a rotatign speed of 150 rpm for a dyration of. 30 minutes. After the high shearing
5 %tl fg %rlr%cr%sg&%és %iajb%rtir&?eysizae Fetient 55 td88m and were

re I use .
process, the SSarfea absorben
dispersed homibgehedasdlypatieakkyd resin matrix to obtain solar heat absorbing paint. Example 2
15Two layers of the solar heat absorbing paint obtained in Example | were applied onto the external
surface of a heat exchanging system 100 shown in Fig. la and allowed to dry at ambient condition for
two hours. An alternate configuBaticrEoDissat :eikphanging SySteaw20dfO0 is shown in Fig. Ib. Like

”Umeﬁﬂs"‘Hg-mfﬁ%““%@%%&@&ﬁfgﬁﬁeS&%S%&%&%N“Hhﬁ@s@%ate a disclosed
embodiment and serves to explain the principles of the
disclosed embodiment. It is to be understood, however,

10 that the drawings are designed for purposes of
illustration only, and not ag a definition of the limits

of the invention.

Figs. 1la and 1b show schematic diagrams of heat
exchanging systems according to embodiments of the

15 invention.

Fig. 2 shows a graph of temperature against time for
a coating according to an embodiment of the invention and

a comparative coating.

Fig. 3 shows a graph of reflectance against
20 wavelength for a coating according to an embodiment of

the invention and a comparative coating.

In the drawings, like numerals denote like parts.

EXAMPLES

25 Example 1
20 weight% of solar heat absorbent microparticles
comprised of silicates, silicon oxides, aluminates,
aluminum oxides, zirconium oxides and mixtures thereof
were added to 75 weight% of alkyd resin based matrix.
30 The microparticles possessed particle sizes between

0.5um te 150um.
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The heat exchanging system coated with the paint obtained in Example 1 is referred to as coating 108
in Figs. la, 2 and 3. 25Referring to Fig. la, system 100 comprises a passageway for fluid to enter
through inlet 114 and exit from outlet 116. In this example, 15kg of tap water was pumped in stream

104 into system 1Q0 at ambjent temperature throu h]rinle 14. The pump is not shown in, 30 Fig. 1.
System 100 was ekpUBATR Buro RS M e Sk BSAEA Rt CBBnch1 Ot direcied
towards surifjht BG2ahbé staretidheat paarg\adidaid coating 4 08diapassmittedtibiroughesystem 100
to heat up tg@ V\éeger stream 104. The heated stream 106 then exited system 100 via outlet 116.

X < . .
The temperaturé 6 fream 106 was measured by theimal couple meters and temperature readings
were 5 collected eVery Sesmitesntheniesulisof twswaten tempenatdretreadings aier$kewn in Fig. 2.

AS a campayisgi g lavets of the alydesinbassd At marDy(gonlainipg o goleg hegt absorbent
micropartic ES) were applied onto the external surface o an identical heat exc anging system and

subject to tkdrsamirgpnditioreeassaboTéeT his bidnk ebatinglisgefarrse-weas codiry 26849n Figs. 2 and

3. carried out at a rotation speed of 150 rpm for a duration

of 30 minutes.
After the high shearing processg, the solar heat
10 absorbent microparticles had particle sizes between 0.5um
to 50um and were dispersed homogenecusly in the alkyd

resin matrix to obtain solar heat absorbing paint.

Example 2

15 Two layers of the solar heat absorbing paint
obtained in Example 1 were applied onto the external
surface of a heat exchanging system 100 shown in Fig. 1la
and allowed to dry at ambient condition for two hours.

An alternate configuration of heat exchanging system

20 100 is shown in Fig. 1b. Like numerals in Fig. 1lb denote
like parts of the system shown in Fig. la.

The heat exchanging system coated with the paint
obtained in Example 1 is referred to as coating 108 in
Figs. la, 2 and 3.

25 Referring to Fig. 1la, system 100 comprises a
passageway for fluid to enter through inlet 114 and exit
from outlet 116. In this example, 15kg of tap water was
pumped in stream 104 into system 100 at ambient
temperature through inlet 114. The pump is not shown in

30 PFig. 1. System 100 wags exposed to sunlight 102 with the
surface coated with coating 108 thereon directed towards
sunlight 102. The stored heat energy within coating 108

was transmitted through system 100 to heat up tap water
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As seen in Fig. 2, coating 108 increased from about 30C to a maximum of about 52.5C after about 16
hours of 15 exposure to sunlight 102. In comparison, coating 208 increased from about 27C to a
maximum of only about 43C after the same duration of exposure. Accordingly, it is evident that coating
108 is capable of absorbing more heat than coating 208. 20The percentage reflectance of coating 108
and coating®2G& Wshbwhin Fig. 315858 E&?ﬁ‘% Figes3 ﬁﬁ??heeﬁéﬁ%ata@g%ﬁ&t&r?& of coating
108 is distinetly leer grxanithat. of coating 208 between the wavelengths of about 800 nm and about

2300 nm, i.e. 25 wjthin the infrared region. Agcordingly, it is evident that coating 108 is especially
i 8RS ATcatonTiodisc5sediRata R G RANGSSAinGR

capable of absorbing nfrareUanRton: Apcf:) icatfons
advantageotisiraizlé to absarbeandustbea solashdat menepeffisieatty tharepribirayscoatings. 5The

dlsclosgd h%%t_lq_tésg{lélgg %O\?él{) may be used as a %%{#t for é:gggn%on syrfatcgs. Thg%, the disclosed

heat absorbing coating” may be tse as'a soiar heat coflector, & van(%ageousﬁy, i disclosed solar
heat absorbimgpeatrigisceasyad usesarardoesinetrenuir® high 20 temperature and/or pressure

conditions for use The disclose igtallationfavin]g the solar heat absorbing.coating coated thereon
is able to effectivelz)\/suti |zeC %mgj g‘t%r%é] sélatr_'%gat. T one e%%o%rﬁer?tﬁ%ye%ztgree%lgo%?%éeg is
advantagedpsirdapabia of being (sed Usitnigrgvidekeatesfliids fohgernestislaedhibeurstrial

applications, ; .- lkwill be appayentdhat varions giher modifgations and.adaniagons qf tge invention
will be apparent to the person skilled in the™art after reading the foregoing

10 an identical heat exchanging system and subject to the
same conditions as above. This blank coating is referred
to as coating 208 in Figs. 2 and 3.

As seen in Fig. 2, coating 108 increased £from about
30°C to a maximum of about 52.5°C after about 16 hours of

15 exposure to sunlight 102. In compariscon, coating 208
increased from about 27°C to a maximum of only about 43°C
after the same duration of exposure. Accordingly, it is
evident that coating 108 is capable cf absorbing more
heat than coating 208.

20 The percentage vreflectance of coating 108 and
coating 208 is shown in Fig. 3. It can be seen in Fig. 3
that the percentage reflectance of coating 108 1is
distinctly Ilower than that of coating 208 between the
wavelengths of about 800 nm and about 2300 am, i.e.

25 within the infrared region. Accordingly, it is evident
that coating 108 1is esgpecially capable of absorbing

infrared radiation.
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20 disclosure without departing from the spirit and scope of the invention and it is intended that all
such modifications and adaptations come within the scope of the appended claims. Claims 1.A
composition comprising microparticles having a particle size of from 0.5 m to 50 gm with less than
520% reflectance of solar radiation. 2. Thecompositionofclaim1,whereinthe microparticles comprise
nano-sized pores. 103. The composition of BBt $25h8R%n the nano-sized pores have a pore size of

from 1 nm to 500 ryne4. Tha eaesdion of arwef the pissediPEAIMS, vdreythe migtoparticles
are comprised of a 15 mateiial Sg%ided from ther%)ou consisting of silicates, silicon oxides,
Y7 m

aluminates, AATHHT BRI funt Sxide¥R eShFrEorsclar heat more
5.Acoatingcefmpitsirgapbly eéxaatyixi 20 mictoparielesdiaving a particle size of from 0.5 Am to 50 gm

and a dispersant tQ disperse said mjcroparticles in said polymer matrix, wherein the coating has less
than 20% reflectar%c%aofSs%%?ig&gaoglgfst&%%c’?o%ﬁ% of QR WiRYeik the S8FIm_P matrix is

selected froen theigroui consisting ofja solvent-based orgeimicspolymer masir anda@ Matet-based
acrylic polyrg rs@:.%rnj.)x(ig3ocoating may be used as a solar heat collector.

Advantageously, the disclosed solar heat absorbing
coating is easy to use and does not require high

10 temperature and/or pressure conditions for use.

The disclosed installation having the solar heat
absorbing coating coated thereon is able to effectively
utilize the stored solar heat. In one embodiment, the
stored solar heat is advantageously capable of being used

15 to provide heated fluids for domestic and industrial
applications.

It will be apparent that various other modifications
and adaptations of the invention will be apparent to the
person skilled in the art after reading the foregoing

20 disclosure without departing from the spirit and scope of
the invention and it is intended that all such
modifications and adaptations come within the scope of

the appended claims.
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7. The coating of any one of claims 5-6, wherein the disperser comprises butanol. 8. The coating of
any one of claims 5-7, wherein the microparticles are present in an amount from 10 wt% to 40 wt% of
the total weight of the coating. 59. The coating of any one of claims 5-8, wherein the polymer matrix is
present in an amount from 50 wt% to 80 wt% of the total weight of the coating. 10.The coating of any
one of claims 5-9, wherein 10the disperser is preS§éitin an amount from 5 wt% to 20 wt% of the total
weight of the coating. 11.A method of producing a coating having less than 20% reflectance of
solar radiation, theAmethod 15cotmgrisin%1the steps of: a. providing particles h%/ir‘]%an initial particle
size of from 0.5-AfA to TBFR®P. rgmlelng N Bgrqticile%%a\ﬁﬁgc ATt 1pca fifle VI e of from
0.5 m to 150 m withearpalyiner 20matmt afidardisparsant tombiain aswhstantipdy dottoagenous
mixturqs' and c. corggl%in%tgpltehgtoarticles in said homogenqus

ance oL sSolar Irauliatlon.

2. The composition of claim 1, wherein the

microparticles comprise nano-sized pores.

10 3. The composition of claim 2, wherein the nanc-sized

poregs have a pore size of from 1 nm to 500 nm.

4. The composition of any of the preceding claims,
wherein the microparticles are comprised of a

i5 material selected from the group consisting of
silicates, silicon oxides, aluminates, aluminum

oxides, zirconium oxides and mixtures thereof.

5.4 coating comprising a polymer matrix,

20 microparticles having a particle size of from 0.5 um
to 50 um and a dispersant to disperse said
microparticles in said polymer matrix, wherein the

coating has less than 20% reflectance of solar

radiation.
25
6. The coating of claim 5, wherein the polymer matrix
is selected from the group consisting of a solvent-
based organic polymer matrix and a water-based
acrylic polymer matrix.
30

7. The coating of any one of claims 5-6, wherein the

disperser comprises butanol.
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mixturg to obtai_n the_coating, wherein the coating comprises comminuted microparticles
25having a.partlcle.sme of from 0.5 m to 50 Am. 12.The method of claim 11, wherein the comminuting
step comprises a high shear process step. 3013.The method of claim 12, wherein the high shear

process step ig u gl%rtalﬁce)ghggr %d%r@ti% f 30 ninytes g 12Q minites. ldnhe methaskof any one of
claims 12-13, wh fein the igf hear process step is undertaken at atmospheric temperature and
pressure. 515. Thevirethpdwf Bnyemearldins 248t4, Wheféin ﬁﬁ%’éﬁiﬁm%ﬁ@b ricréfarticles

comprise nano-si%edc?8r%vscé(??g hgﬁgetgggé)j a‘;;g%of&jgaimeljcég,twhgrein 10 the patrticles

having an |n|t!al paﬁi. le size of from 0.5 mto 150 m are comprised of a material selected from the
group consisting of silicates, silicon oxides, aluminates, aluminum oxides, zirconium oxides and

mixturgs theregf. ﬁél7'c'%§€fﬁsxcg§ngm§ sysigm gemprising at least, wherein the
polymer matrix is present in an amount from 50 wt%

to 80 wt$ of the total weight of the coating.

10. The coating of any one of claims 5-9, wherein
10 the disperser is present in an amount from 5 wt% toO

20 wt% of the total weight of the coating.

11. A method of producing a coating having less
than 20% reflectance of solar radiation, the method
15 comprising the steps of:
a. providing particles having an initial particle
gize of from 0.5 pm to 150 um;
b. mixing the particles having an initial particle
size of from 0.5 um to 150 um with a polymer
20 matrix and a dispersant to obtain a
substantially homogenous mixture; and
c. comminuting the particles in said homogenous
mixture to obtain the coating, wherein the
coating comprises comminuted microparticles

25 having a particle size of from 0.5 um to 50 um.

12. The method of claim 11, wherein the comminuting

step comprises a high shear process step.
30 13. The method of claim 12, wherein the high shear

process step 1is undertaken for a duration of 30

minutes to 3120 minutes.
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one substrate coatgd V\_/ith th.e coating of any one of claims 5-10, wherein said at least one substrate is
in f[he_rmal communication Wlth a fluid. 20 18. The heat exchanging system of claim 17, wherein the
fluid is a heat exchange fluid adapted to absorb heat transferred from said at least one substrate.

2519.The heat exchanging, sy. any:o f claims1+- ei &S i t
receive heat ei\sefgy frorr?‘%ce)Iarﬁgreggf(gtéllor?.}éf <oy TSl Kl R CNRAG Sysierie adapted to
the high shear process step is undertaken at

atmospheric temperature and pressure.

5 15. The method of any one of claims 11-14, wherein
the comminuted microparticles comprise nano-sized

pores.

16. The method of any one of claims 11-15, wherein
10 the particles having an initial particle size of
from 0.5 um to 150 um are comprised of a material
celected from the group consisting of silicates,
silicon oxides, aluminates, aluminum oxides,
zirconium oxides and mixtures thereof.
15
17. A heat exchanging system comprising at least
one substrate coated with the coating of any one of
claimse 5-10, wherein said at least one gubstrate is
in thermal communication with a fluid.
20
18. The heat exchanging system of claim 17, wherein
the fluid is a heat exchange fluid adapted to absorb

heat transferred from said at least one substrate.
25 19. The heat exchanging system of any one of claims

17-18, wherein said system is adapted to receive

heat energy from solar radiation.
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