i DECEMBER 2005 -1 RADI ATI VE COOLI NG SURFACE CQOATINGS FIELD OF THE
I NVENTI ON This invention relates to surface coatings having radiative
cooling properties and in particular to the use of such coatings on

external surfaces of buildings to reduce the 5 heat |lo t
bui | di ngs. BACKGROUND TO THE | NVENTI ON Any di scussi on o?%@‘}ﬁ‘?ﬁ&%ﬁt
t hr oughout the specification should in no way be considered as an

adm ssion that such prior art is vvidelylknovvn or forms part of common
general know edge in the field. 10 Roof coatings often include |ight

reflective pi gEeRADIATIVE COOLENG SURFACE COATINGS sol ar

energy. However, thereis alimt to the anount of solar energy that can
be refl ected by such coatings. Consequently, after prolonged exposure, a
si gni fi canFIEBNDUWDF THE IN¥ENEIQGNSsor bed and transmitted to the interior of
the building. This results in an additional |oad on the air conditioning

systemin or defhiQfvehtisn Rt hon@rface doatifed ivideOrafiativ@b iz peshedtiesaind
confortabl e tenperature. OBJECTS OF THE TNVENTION It is an object of the

present i ninepartiorartto thevese of mechoroatingsl anogxdgrealsutfacss ofbpiddipgs torrhduce the

di sadvant ages, of, .t he lQr. art, or to at |east provide a useful

al terﬁativgéa%%\%\gys&“%ggﬁ‘ NVENTI ON 20 One aspect of the present

i nvention provides a surface coating conposition for providing a surface

coat i ng haBATKGROBNDVEOCTHE INVEXPPONt i es, the conposition including a
solar reflective pignment and a quantity of m crospheres effective to induce

sai d coating tOA%?'d?s%ﬁésY&J Of tREDior dMEthERgh6MAR¥pecilichlién YIRVE] RN Way Bhge of
8 to 13m Anot her aspect of the present 71 nventi'on provides a nethod of

reduci ng 26onselepkastanradmagsicni thatzsublu ptiol arisrveldelyiknewnor ferpisaart af somerat ur e,
bui | i ng, S Har e B o s Sorar o o oo coino o the
10 Roof coatings often include light reflective pigments to minimise the absorption
of heat through solar energy. However, there is a limit to the amount of solar energy
that can be reflected by such coatings. Consequently, after prolonged exposure, a
significant amount of heat is absorbed and transmitted to the interior of the building.
This results in an additional load on the air conditioning system in order for the building

15 interior to be maintained at a comfortable temperature.

OBJECTS OF THE INVENTION

It is an object of the present invention to overcome or ameliorate one or more of

the disadvantages of the prior art, or to at least provide a useful alternative.

SUMMARY OF THE INVENTION

20 One aspect of the present invention provides a surface coating composition for
providing a surface coating having radiative cooling properties, the composition
including a solar reflective pigment and a quantity of microspheres effective to induce

said coating to selectively emit thermal energy in the wavelength range of 8 to 13um.

Another aspect of the present invention provides a method of reducing
25 temperature within a building relative to ambient temperature, said method including

the step of applying a surface coating to the building, said coating including a solar



1 DECEMBER 2005 -2 reflective pignent and quantity of m crospheres
effective to induce said coating to selectively emt thernal energy in the
wavel ength range of 8 to 13 m Preferably, the coating absorbs heat and
re-radi ates the heat as thermal energy in the wavel eng

Preferably, the coating is adapted to absorb heat wthi Lmﬁg&@géng and
re-radiate the heat as thernal energy in the wavel ength range. Preferably,
the coating is not only non-absorptive-8f solar radiation but is

reflective, rather than transm ssive, of these wavel engths. Preferably, the
coat i ng hasflactiveqgligmenteht qoartityg of pricaspheres leffiactB@te ambhcersaid cpataiggpabl y

greater than 84% Preferahly, the coatjng_has a sol ar, reflectance greater
than 95% Stecpyvelyspbihgrmal gnergyin thy wave &ﬂ’é&?%er‘?fssgbtﬂall}%“?adi ative emttance
(s) greater than 85% nore preferably greater than 90% and still nore

preferably greBrefarablpnthe osgingtabsarbehent indweriatiatrgithshearpetheond iepergydn f ect of

the solar gbsorption and radi ative em 1.t ance charagt eni St CS:. t he
coating ar eﬂaé’%tﬁ'_ Ir?%eugﬁgff’wgb’ e é% B gﬁﬁ)tgélgqoﬁgbgo bohegt)‘ggpgﬂ Sat ener gy
from 35 w bllidingénd ratrediaRlthéhdat SpaRmalferey-ifi @ waveldnti ragper gy as ther nal
radi ation to achieve net radiative cooling of the air space. One preferred

enbodi ment  of plG NIV QAL LR @‘?;§h&l‘%f§ﬂ3} ﬁb@a&ufﬁ%%lféamfahmimfeumr use as a

radi ati ve cooling surface coating for an external surface of a building

char act er i fdctine, rather dlrdramsingrsivat ofithesel veavglengthsf Prafierablynthe sodting haadi at i on

and high 20.radjative emttanc, t vel engt of reduc I ngi de

it Don. SoHIZeNEyacE b Sk bed o BRefeR Bl E B0 sl en
coating majheRBatindiadaBrir Bflccacd Behiesihan 98%.a di spersion of gas or vacuum
filled mcrospheres in a coating conmposition containing a solar reflective
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I ca-al um-na I'ngs according to

preferred gshosloremtierably featet thaf 90VOdhd stiflanse Picltiably @édtacthay@5%agount s of

such m crospheres, have in fact denonstrated the ability to achi eve bel ow
thermal wavelengths.

The combined effect of the solar absorption and radiative emittance characteristics
of the coating are preferably such that the coating is able to absorb heat energy from
15 within an internal air space and re-radiate that energy as thermal radiation to achieve net

radiative cooling of the air space.

One preferred embodiment of the invention resides in a curable formulation for
use as a radiative cooling surface coating for an external surface of a building
characterised by low absorption at wavelengths of incident solar radiation and high

20 radiative emittance at wavelengths of reduced incident radiation.

The invention is based in part on the discovery that such a coating may be
obtained by the inclusion of a dispersion of gas or vacuum filled microspheresina
coating composition containing a solar reflective pigment. The microspheres employed
are preferably of the silica type, most preferably having a shell of silica-alumina.

25 Coatings according to preferred embodiments of the invention, incorporating effective
amounts of such microspheres, have in fact demonstrated the ability to achieve below-

ambient temperatures in the interior of coated structures.

The microspheres employed in such coatings may be gas filled, for example with

CO, or N, or they may be vacuum filled.




anbi ent tenperatures in the interior of coated structures. The m crospheres
enpl oyed in such coatings may be gas filled, for exanple with CO2 or N2,
or they may be vacuumfilled. 1 DECEMBER 2005 -3 The coating of one

preferred enbodi nent of the invention, when applied to f@ﬁb Rt@ﬁ)l
surface exposed to solar radiation at Air Mass 1.5 Sol a E 3
anbi ent tenperatures of 20 to 28C, displays a net radiative cooling effect
to the air space bel ow the steel sheet3-5 Preferably, the fornulation of

the invention is curable and may be applied to an existing building using
a large area sPhagoafingofsne prefamediendotsndat of the invention,i wirenegpliGktoappl i ed to

i d iet f f t i.d | | ecti f t bt ai
Fadi ative 268! 117R) sHss cxBoseddp aflacrariafon LRI &R d RO SEIBEA nol ude the
wal I's and ﬁrﬁnglfggﬂtem?eﬁﬂiﬂf*sdém to 28°BRIifra ! b1t cOBlidd Errd RAMLBIGR

Preferred e ments of the invention w |l now be described by way of non-
limting exmopbeewdhelstetltsheatef erence to t he acconpanying figures in which:
Fig. 1 shows a graph of atnospheric absorption versus wavel ength; Fig. 2

shows st he r esupiefergiily QRO Paildton of @stinténtidh ifcaablt afd mag telagphg! toanone 15
enbodi nent of the invention agai nst conventional roofing systens, and Figs.
3 to 5 showxistie huslding usingra largeraies SREBHPFAEYEi ve testing of enbodi nents of
the invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS OF THE | NVENTI ON
The inventi on Bmpbiiesntshd thy inveitingsn b appleido aovige vamiktarf snfaces wchi eve its

20 radi ative cpol i ropertices. l.ative. cooli.n efers.to the process
wher eby a BOY eavﬁopa? S%'Fﬁ: Ve, ﬁ%“dﬁog’?’% rqﬁ‘éag Ve@ﬂ%lﬁlbggefgeﬁisor%’éﬁ SF#‘?Fthfgh nor mal
convect i ongafideSpRAY RitludRRERERELENd rbbEoMsiidisg. of bl ack body radiation
states that the wavel ength at which a body

10 BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodimenis of the invention will now be described by way of non-

limiting examples and with reference to the accompanying figures in which: -
Fig. 1 shows a graph of atmospheric absorption versus wavelength;

Fig. 2 shows the results of comparative testing of a coating according to one

15 embodiment of the invention against conventional roofing systems, and

Figs. 3 to 5 show the results of further comparative testing of embodiments of the

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION

The invention applies the principles of black body radiation to achieve its
20 radiative cooling properties. Radiative cooling refers to the process whereby a body
will emit as radiation heat energy absorbed through normal convection and conduction

ProcCesscs.

The physics of black body radiation states that the wavelength at which a body
will emit radiation is dependent on its temperature. For terrestrial temperatures,
25 emission occurs in the infra-red (IR) wavelengths with a peak emission at
approximately 11.4 pm. Incident solar radiation, on the other hand, corresponds to a
black body temperature of 6000°K and is concentrated in the ultraviolet, visible and

near IR wavelengths.




will emt radiation is dependent on its tenperature. For terrestrial
tenperatures, 25 em ssion occurs in the infra-red (IR} wavel engths with a
peak em ssion at approximately 11.4 m Incident solar radiation, on the
ot her hand, corresponds to a black body terrperature of @%@%?E@@S
concentrated in the ultraviolet, visible and near vve

DECEMBER 2005 -4 Not all of the radi atron emtted by the Earth passes
through to space. A significant portiontof this radiation is absorbed in

the Earth's atnosphere, particularly by the so-called "greenhouse gases”
wat er vapour, Nardibmftﬁémdﬁaﬂ'mn&nﬂttotlmnéwfwthpaﬁesénmglﬁd sbagek A0 the Earth's

surface. 5 Fig. 1 shows at.nospheri.c .a function Iength
The speci e¥8m %@%‘wﬁgtr%‘r% ‘HE’”\)E\P n% e reapg%icaiél’\’ﬂ?’ ¥i ed on
the hori zopkgl- camds é@iﬁﬁf)ﬁse géesada%ﬂﬁﬂﬁﬁré&b&fmbﬁﬁﬁﬁﬁwbﬁdecaﬂ& radow' in the
region of 8to v%ere he” atnosphere iIs relatively transparent. A

simlar w cmnwdémtlsmhtﬂﬂrﬂseﬁwfmvel engths wthin the | to 5 pm band.
Radi ation fromthe Earth's surface within these wavel engths 10 is likely to
pass tshrough tﬁ@sesmmﬁhephmcwbm&mmﬁmemm mfa&i\eiengﬂariﬁatsswibed by

t he at nosphere gnd returned to the Ear F r i he vel ngt hs
havi ng hi gFSBM#EED F%V%FWWWH‘F %arw qntl 8 QP&H’] qrggﬂtg € of
radi ation pﬁpw ﬂ{ee emtted
back to ElaSrLt hure%gé er se nys or %d({/‘\;g%q%% frdsnsocfe%?(?gspondiﬁﬁg to these

at nospher i atnwisplkoavis rihativélg rtmnspaként ba dintlad \emrdad'i extstsofior some avelemgtbpher e as
the majority of radiation emtted by th arth t hese wavel engths is

al | owed t owphindthe e den bapd. Mﬁﬁ&%ﬂgﬁ%@éémagﬁce'%h@&‘?s?§m§ P&ER" i s
one that e ]’F&%ﬂ g
therrr@l eniéﬁgé;%h;att%p\tﬁra&ste e corr spon |lﬁéwtsgéﬁgés§aﬁéa{?ﬂlﬁ{%agﬁgrb%b& ndows

wher e ther&ela&nbgﬂmmﬁdrr%nﬂd%ﬂrﬂ?:hrﬁntsrmrf%r ch may be absorbed 20 by the
surface, that allow rapid transfer of that radiation to space and by being

non- absor pti Veothe WadélghdtRnAMEhigR atrhpReN@MRbAEOh ifere will be significant
amounts of radiation in the atmosphere as that radiation is absorbed and re-emitted back
to Earth. Conversely, for the wavelengths corresponding to these atmospheric windows
15 there will be little radiation in the atmosphere as the majority of radiation emitted by the
Earth at these wavelengths is allowed to pass through the atmosphere to space.

A "selective surface” is one that exploits the atmospheric window by
preferentially emitting thermal energy at wavelengths corresponding to these
atmospheric windows where there is reduced incident radiation which may be absorbed

20 by the surface, that allow rapid transfer of that radiation to space and by being non-

absorptive of radiation outside these wavelengths.

Thus, one embodiment of the invention provides a surface coating composition
including a solar reflective pigment and hollow microspheres. The quantity of
microspheres is effective to induce the coating to selectively emit thermal energy in the

25 wavelength range of 8 to 13 pm,

Another aspect of the embodiment provides a method of reducing temperature
within a building relative to ambient temperature. In the method, a surface coating

including a solar reflective pigment and hollow microspheres is applied to the building.




Thus, one enbodi nent of the invention provides a surface coating
conposition including a solar reflective pignment and hol | ow m crospheres.
The quantity of mcrospheres is effective to induce the coating to

selectively emt thermal energy in the 25 wavelength r f t 3 pm
Anot her aspect of the enbodi nent provides a nethod of rgg)%gqﬁ%laggr@g%ature
within a building relative to anbient tenperature. In the nethod, a surface
coating including a solar reflective pfgment and hol | ow mi crospheres is
applied to the building. 1 DECEMBER 2005 -5 The quantity of mcrospheres is
ef f ective The guitigeofithierasphérensy effoctber todtducelthe @atibg td sebactimtlyemat gy i n t he
wavel ength range of 8 to 13 pm A fornul ation according to the enbodi nent
of the i nvdgER r@nmynwﬁm}w@f)eag@dma&eoff%ﬂ0|1éw§n~ Quantities given are for a

total 600 L mix and are provided for illustrative 5 purposes only. Though
preci se quant i Aifesnuatgorsicaording toitheembedintenioof the mventineswas mamadtatedds even

down to ze for sone.conmponents, .ar si.bl e;and wi.thip the scope of the
vent | on. FeySy RRGiSaTadeT b igalaRl Rtz Moot e IRuRiiY o

pol ypRoSphgirgoe8 @nfl O HoueR prediseigafifiieh Bk sRAG wid@Sarklidfdrdnoti@de L of wat er
in a mxing drumand m xéd at 2000 10 rpmfor 10 m nutes or until the

i ngr edi ent guantitics, kperodayn tp z¢re frssemg componaitss arg possible and Feitdn thesePrer
reflective_ piQre -such as rutile grade Titanium Di oxide (Ti Q) (38 kg),
72 kg of aoﬁhglrl@r%%%gh as CaCO2 or MJC2 that | ends water resistance to the

cured formulatjon, .and 72 kg of ,a suspensi on_.agent e S| O3, S
S that 1 apUbEondreasfSriteand SeRieRenty CEFERin e ol hetlrs SH0l0R ¢ vas
then di spefsegispdrsidg agii Wik bidddab Y1 2000wt inf ohixin antiNfixes kt2doom xi ng

times will depend on The particle size. It is preferred that m xing
cont ilues tpme faor l0hminmies oy metilithe ingedignts are thorowghdyrdisperssd: | Tyythet mix wasvi ng

chouL 12 TSNS BF AN Byt SRS LGSR BB TS 202 L0 °
t hen added72Rrg ofth fifler §ueh ad BaCn ut B0, theQ6ndsprater resistance to the cured
formulation, and 72 kg of a suspension agent e.g. MgSiOs;, BaSOj, or SiO, that is also
abrasion and corrosion resistant on metals. The mix was then dispersed at
15 approximately 2000 rpm for 1 hour. The actual mixing times will depend on the
particle size. It is preferred that mixing continues untif the mixture is brought to a

Hegman setting of 7 giving about 15 microns measured on a Hegman Grind Gauge.

Approximately 228 L of a binder such as a styrene acrylic, acrylic resin,

homopolymer or PVA was then added and mixed for 15 minutes at 1500 rpm.

20 Approximately 3.8 L of a defoaming agent, preferably non-silicon based, was then

added and mixed for 10 minutes at 1500 rpm.

1.9 L of ammonia or other suitable alkali is added to adjust the pH to a range
suitable for addition of thickening agents. The ammonia was mixed for 10 minutes at
1100 rpm.

25 Next was added a coalescing agent such as any trimethylpentadiol, e.g. Isonol
(4.8 L) and mixed for 15 minutes at 1100 rpm.

Propylene Glycol or other suitable glycols that act as a further coalescing agent

and adjust the curing time were added and mixed for S5to 10 minutes at 1100 rpm.




20 Approximately 3.8 L of a defoam ng agent, preferably non-silicon based,
was then added and m xed for 10 minutes at 1500 rpm 1.9 L of ammonia or
other suitable alkali is added to adjust the pHto a range suitable for
addi ti on of thickening agents. The anmonia was m xed for e t

1100 rpm 25 Next was added a coal esci ng agent such as ﬁi’gc}ﬁg/lﬂ%kfm%
trinmethyl pentadiol, e.g. Isonol (4.8 L) and m xed for 15 mnutes at 1100
rpm Propyl ene Gycol or other suitablebglycols that act as a further

coal escing agent and adjust the curing time were added and m xed for 5to
10 m nutes at 4G£D@ofqonmn-ﬂoanEI®EMBmg26ﬁﬁideamsQﬂdgi aid mixedrert Iril0 nnoi@sl r ange

bi oci de was ed a 'x for. ute 100 .rpm. .The bi oci de
may 1 nol udd 00 mr dig s mihinghile &tk heed bhordde ibRdSame de and i s
pref er abl y,jdgaspiethnafis grqwélaofﬂeg Ied4g8] Ng agent, preferably selected
fromthe hy roxycellu ose group (630 g 5 was pre-dissolved in 10 L of

wat er and the ]iﬁ’idH{f nut es
at 1100 rpm gl%]ggeﬂi ‘gk%e}r?ie}ép eielaﬁedﬁderﬁ' additi xﬁzcélﬁﬂ ?ﬁ?]%()&ép%égr%z‘n The
viscosity mpﬁaﬁsohad g0 lngafavd’tk:r and tlov dllded pndaimikeddptoshe thainnhixtura for

runt hr ough of 35 s achieved with allo ces de

t enper at uré(g OZFSpInéIEF‘?S(ﬁtSi$§ V\ﬁs‘ m&Wéﬁﬁg?VdMﬁh%Fmﬁ&thg%éﬁded and

mi xed {01 dfhnfldt Chhcliscolfly MOfhehiy Jﬁ%é N2k rod<taRy us¥BFurkf a2dd a
m crospheres conponent, inthis exanple 0 kg, vvh| ch m xed for
appr oxi mat smeagthapéss aecoadswmwvcdtmﬂlwﬂlomasmaaboemmmum avoi d
damage to the m crospheres. The m crospheres were approxi mately 45 gm

t 0150 gmin di ArptasBitiséaM 0Magsrefetatlyphthalatecivas adit) dhd wikgl for 30 Imifaecahtuni na
shell 15 between 0.3 gmand 1 gmthick and a filling of COQ2. The

mi cr dpher &% @M a fine |ight powder and are believed to enhance the

em ssivity of the coating at least in the wavel engths of the atnospheric
wi ndows. Wi | eThEnadt@pixing] stepawas toradd pmeicresphesesccompentent, in this example 70-

90 kg, which was mixed for approximately 30 minutes at a reduced rate of 200 to 300
rpm to avoid damage to the microspheres. The microspheres were approximately 45
pm tol150 pm in diameter (average 50 um is preferred) having a silica-alumina shell

15 between 0.3 um and 1 pm thick and a filling of CO,. The microspheres form a fine
light powder and are believed to enhance the emissivity of the coating at least in the
wavelengths of the atmospheric windows. While the CO, filled microspheres were used
in this example, the microspheres can be vacuum filled to a pressure of 4 Torr or can be

filled with another gas, for example N;.

20 The above ingredients other than the microspheres were chosen from those
available primarily for their low solar absorption and high thermal emittance properties
as well as for their properties that make them suitable for use as a roof coating, e.g. fire
retardant, corrosion resistance, biocide etc. Those skilled in the preparation of paints
and curable surface coatings will understand that the proportions of the ingredients will

25 be adjusted to the particular application. For example, in the above formulation a
relatively small quantity of white pigment {(Ti0O,) is employed, and this can be increased

where appropriate.

Coating compositions containing greater concentrations of microspheres, for
example 140 kg per 600 L, can be used to advantage. Higher concentrations, for
30 example 150 kg per 600 L, may also be used.




in this exanple, the mcrospheres can be vacuumfilled to a pressure of 4
Torr or can be filled with another gas, for exanple N2. 20 The above

i ngredi ents other than the m crospheres were chosen fromthose avail able
primarily for their |ow solar absorption and high ther t) btdb

properties as well as for their properties that nmake {Tﬁ rﬁ%’?w gg‘lczg)olsor use
as a roof coating, e.g. fire retardant,_ corrosion resistance, biocide etc.
Those skilled in the preparation of pa'r?lt's and curabl e surface coatings
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coating is kness ross-the surface. If t coating is too
thick it negatsiptensisre shddvaenibtoatiog ist dfeviemthickness aneks thet ardce.he

If the coating is too thick it may act as a blanket for the building and retard the
transfer of heat from the internal air space to the coating for radiative emission resulting
15 in higher interior temperatures. It is thus preferred that the thickness of the coating is
less than 10 mm.

Coatings manufactured in accordance with the above example have been found by
optical measurement to exhibit a hemispherical solar absorptance of .15, and thermal
emittance estimated from measured roof heat loss coefficients is greater than 0.9. The

20 observed radiative capability and IR spectra of the material are such, however, as to
indicate the existence of selective radiative ability in the 8 to 13 um atmospheric

window.

Comparative tests have been conducted between the composition of the
embodiment of the invention and conventional roofing systems. In the first of these
25 tests, four steel boxes, approximately 330 mm x 330 mm x 763 mm, open at one end,
were used in the tests. The boxes were inverted (i.e. open end down) so that the bottom
of the box became the roof for the purpose of the test. Each box had its sidewalls lined
with insulating batts rated at R=1.5 Two boxes had outer surfaces of bare steel, and
one of these had the underside of its roof insulated with the same batts as used on the

30 walls. The third box ‘was of off-white Colorbond™ steel, and the remaining box had the



transfer of heat fromthe internal air space to the coating for radiative
em ssion resulting 15 in higher interior tenperatures. It is thus preferred
that the thickness of the coating is Iless than 10 mm Coati ngs

manuf actured in accordance with the above exanpl e have gg) E;{%Eﬂo%%
optical neasurenent to exhibit a hem spherical solar ab %& 6 15,
and thermal emttance estinmated from neasured roof heat |oss coefficients
is greater than 0.9. The 20 observed ra8irative capability and | R spectra of
the material are such, however, as to indicate the existence of selective
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coatings of the embodiment of the invention still outperformed the prior art systems.

15 In a further test, an uninsulated steel enclosure was coated with a formulation of
the embodiment of the invention, allowed to cure and then subjected to solar radiation at
1062 Wm™ incident on the horizontal at ambient temperature of 23°C with clear sky
conditions. The total radiation energy off the roof of the enclosure comprised 894 Wm™
of reflected solar energy and 188 Wm™ of re-radiated heat (IR). The total energy output

20 of 1082 Wm™ was thus greater than the incident solar energy. This suggests that the
coated roof was able to absorb heat energy from the air space within the enclosure and

output that energy to the atmosphere.

For a similar enclosure having an insulating layer beneath the roof, the net energy
output was 1064 Wm~ which is less than for the uninsulated case but is still sufficient to

25 achieve a small net cooling effect, even in conditions of high incident solar radiation.

Under clear sky night time conditions, radiative cooling continued but without the
solar heat load. At 11:00 p.m., the internal temperature in the uninsulated enclosure
was 16.4°C compared with 20°C ambient and at 2:00 a. m. the internal temperature was
15.7°C compared with 18.8°C ambient. In the insulated case, the internal temperatures

30 were slightly above ambient.



10 the only product to consistently provide interior space tenperatures
bel ow anbient. It should be noted that the test period covered
predom nantly cl oudl ess days and nights and that under nore overcast

conditions the performance of the coatings of the errbog' Rtél)

i nvention is reduced. However, even under those conditi Pﬁﬁlﬂ@% §§I ngs
of the enbodi nent of the invention still outperforned the prior art
systenms. 15 In a further test, an uninsBrated steel enclosure was coated
with a formulation of the enbodi nent of the invention, allowed to cure and
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t enper at ur asthebasa hevieh dbia ratiatieasebling offiéct (:aﬁc})ntland t(aths ipaint avhexstgreolnd oof

coat ed accor to t he vent 33 ‘)éLH‘ can be seen that
coati ngs o% 'i’ Srfé%’t‘{e qﬂ‘?@ﬂ“ﬁ% \‘Rﬁ ®dhplied to roof
structures can reduce t he sol ar heat Ioad to the internal air space due to

the coating' s B hiegpndiriss of Epscriield arigrmsepndusicd ipm drcemperetite very
little sol ape@i1 BvAfatk BR QR mahdiof the coating in a demountable classroom

15 environment. Portable classrooms are widely used in Australia and have a reputation

for overheating, particularly in the summer.

The coating of the embodiment of the invention is intended principally for the
commercial and industrial metal-roofed buildings which generally have a much larger
roof area than exterior wall surfaces area. The demountable classrooms present a

20 "worst case scenario” in which to trial the coating for the following reasons: -
low roof to wall ratio, unlike supermarkets or warchouses,

sub-roof insulation, which delays internal heat reaching the coating thereby

creating a time lag when compared to ambient air temperature movements,

a relatively high occupancy rate of about 3 m’ per person, which is about twice

25 the density of a standard supermarket,

open windows and ceiling fans that permit a high rate of external air exchange
thereby increasing the difficulty for the coating to maintain internal temperatures

constantly below ambient.




roof can instead absorb heat fromthe internal air space bel ow the roof.
The high IR emttance properties of the coating allow this absorbed heat
to be efficiently radiated away fromthe roof, thus achieving a net

cooling effect to the air space. Furthernore, because tE P@
significant tenperature gradient within the air 10 spa @WE (965

tenperature just below the roof being up to several degrees higher than at
the base level, this radiative cooling ®fect can continue to the point
where ground |evel tenperatures significantly bel ow anbi ent are obtai ned.
In a second seDispitetest elsdlienga the edating peefbrimabextmndlinridy weHohh®ecenber 2000

to April 2001 to evaluate the_.perfornance of. the coati i denmpunt abl e
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for the following reasons: _lowroof to wall rati unl,i k %u ermar kets or
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coat N9, NEKERNo obiEaty it ihd BRplAROPe CORRALE Horfign Btk 98imAThe
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Despite these chall enges the coating perfornmed extraordinarily well. The

maxi mum dadyey itsewpeFla wniewas, howevaroatitaeiendefitheitlassiepm remeje &igst &8 peri od of
the trail teH:e DI L0 ARG Fact QWb ke BRalTR RS 'i’&dc_hﬁtro&{x sREY 2 ARlent for

84% of the
no appreciable effect on the measured temperature. The graphs for that room are

therefore not included here). The rooms had shaded walls, while their roofs were not

15 affected by any shading factors.

The results presented in the following graphs are taken from three periods within
the trial:

Fig. 3: late December, 2000 - being the warmest period, and
Fig. 4: mid April, 2001 - being the coolest period,
20 Fig. 5: February to April, 2001 - being the occupied period and showing daily
peak temperatures.

Although there were many environmental factors beyond the control of the trial
including cloudy weather, air-exchange factors and room population, the coating

produced excellent results over the whole period.

25 Reference to Fig. 3 shows that on the hottest day in December the ambient
temperature reached 38°C by 12:00 p.m. and the uncoated classrooms peaked at 41°C
by 3:00 p.m. However, the coated room was 8°C cooler than ambient at midday, 4°C

cooler by 3:00 p.m. and 7°C cooler than the other rooms.




During the unoccupi ed period, the coated roonml s peak tenperature was at or
bel ow 5 anbient 81% of the time, with differing weather conditions
accounting for the variation. Tenperature recorders were |ocated adjacent

to the teacher's blackboard at a height to correctly rf tgﬁ 5
tenperature of the occupied portion of the room The g gﬁﬂﬂ\g BIQQ%) 5and
6 show the results of observations in two roons used in the test, one of
whi ch was roof-coated with the conpositllon of the invention. (Another

uncoated to room contained a small w ndow nounted air conditioning unit,

and there was QQeral/it £6 be R¥ethat Wheti§R.amBient tihpersvare, relxched s pealadn t he end
of the classroomrenote fromthe tenperature sensor, and in fact the

cor r espondinagt dgyapiesonisd ream avas genaralioaronmhe°G 1o7Ra delonoths BMbEE abl e ef f ect
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af fect ed bimagat&hefinnGohm4:00 o 6:009.m.e fuhiel PR thedatimunhembiehl owi ng
graphs are taken fromthree periods within the trial: Fig. 3: late
Decenfier, BOWETaWBeji ng the warmest period, and Fig. 4: md April, 2001 -
bei ng the cool est period, 20 Fig. 5: February to April, 2001 - being the
occupi ed per i odlsarappahuidrery Fii3l iy theffactithatdhpenatad noem commensed koalingr e wer e

many environnental factors beyond ontr.ol of the trj i ncl uding

T ondy veatHiaRy vaen @bienk el e Lol Bt e st ol o d AT hES
produced eﬁﬁ@'lé{iﬁtthé e50Hnlyof MeCioatedomh A uldBE pARariREluBab eeasbaod®d Fig. 3
shows that on the hottest day in Decenber the anbient . tenperature reached

38C by 12: Bwulgtion trapring internaldsat whick wauld ygenisesidbe building throughain: oo p. m
by 3 80" p. U & bel PRt R b AR SRy Y 005 11
Orerall, Tt caj) e ee0rl T Sl SoIRSSs hSIRELERY BohsAgiEthds o Peak
the more even flow of temperatures . While it was considerably cooler than the other
rooms as well as ambient air, it also did not get as cold overnight. At the hottest time of
each day, usually around midday to 2:00 p.m., the coated room was about 4°C to 7°C
15 cooler than ambient and the other rooms. April 17th, 2001 is a case in point. At 10:00
a.m. the coated room is still only 18°C and ambient is 23°C. When the ambient
temperature peaks at 12:00 p.m. it reaches 28°C, while the coated room is still a
comfortable 22°C. The coated room eventually reached only 25.5°C around 6 p.m.,

long after the room was no longer in use for the day.

20 As the ambient temperature falls in the late afternoon the insulation traps the
internal heat of the now closed room and prevents it from cooling at the same rate as the

ambient temperature.

Without insulation the coated building will cool at almost the same rate as the
outside ambient air. This enables the design of a more economical and environmentally

25 efficient building.

Fig. 5 shows that for 84% of the occupied period the coated room was at or below
the maximum ambient temperature and almost always well below the other rooms. The
days on which the coated room was slightly higher than ambient are the coolest days,

when there was predominant cloud cover since the coating requires a mainly clear sky




nost days the coated roomwas generally around 6C to7C bel ow t he anbi ent
tenperature. Although the tenperature in the coated room reached its peak
several hours later, often around 4:00 to 6:00 p.m, it rarely reached the

maxi mum anbient 5 tenperature. Al so apparent from Fig. i f t hat
t he coated room commenced cooling wusually when anbi entlﬁgﬁ%@agﬁgr%%el | to

that of the coated room As noted above, the tinme lag in the cooling of
the coated roomwoul d be primarily duel2o the sub-roof insulation trapping
i nternal heat which would have entered the building through air 10 exchange
or being genpeateditis Brhé iealrnalcosletiordsudynetatiirigis pealyalesirable 91 1gtaion to
Fig. 4 a significant observation is that the coated room nai ntai ned the
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heat of thsmeepheré.osed room and prevents it fromcooling at the sane rate

as the anbient tenperature. Wthout insulation the coated building wll

cool at al most Chiitngs ﬁé@mﬂiﬁ%@o 8 ihBtioR pidvidien wehil ahernaiive toToheeneioadll es t he
design of a nmore economi cal and environnental l 25 ,effiggi ent bui_hlgi ng.

Fig. ® shomethofiaforfdsalimgzmithsolankeaploadpi Bewpvari Be suikbliy of dwirussillas at or
bel ow the nmoxi | S ﬁf@ﬁén E,n@ég @ééqﬁyjﬁ 2l th@hgNed he

ot her roon%?ryﬁl%ﬂrgggéﬂgf on \?\kﬁ‘(yzﬁﬁ ev%gg?ie%gﬂ?é om V\(;as S gmﬁley hi ghgl\riﬁst han
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the coating requires a mai.nly clear sky. . . .
greateg than the wintertime)ileatmg costs. XNhJIe the experiments to date indicate that
the coatings are best used on roofs without underlying insulation, the economics of the
15 situation may dictate that due to winter heating considerations, it is best that insulation

is used.

It has been found that under overcast conditions, the radiative cooling effect is
reduced and it is believed that this may be because the increased levels of water vapour
in the atmosphere close the atmospheric window. This is especially important at night

20 when radiative cooling can reduce the temperature of the internal air space well below
ambient levels. The coatings are therefore more suitable for use in less cloud dominated

environments, optimally with clear sky nighttime conditions.

The benefits of the invention include that less reliance can be placed on air
conditioning to maintain low temperatures within an air space thus leading to reduced
25 energy consumption. This has advantages for the local system in which the invention is
utilised as well as wider environmental advantages including reduced production of

greenhouse gases.

In other embodiments, the formulation of the invention includes additional
components such as a biocide, fire retardant, corrosion retardant etc. or alternatively, the

30 previously described components can be selected for these properties.



1 DECEMBER 2005 -12 to operate. This is the ideal - in cooler or cloudy
weather it is usually desirable to retain a little nore internal heat. The
present applicant has found that the radiative cooling coatings of the
invention are nost effective when used on roofs mjthOUt&Eﬂﬂ§£lﬁh@%Hﬂﬁtt
insulation. It is 5 believed that the batt insulation, ﬁg i g a
barrier to the ingress of absorbed solar radiation, retards the radiative
cool i ng mechani sm by reducing the transBort of heat energy fromthe
internal air space to the coating when it can be radiated to the

at nospher e. CowtilR@artRke efbodinients dfehik inventiow haverbevn descﬁbeds éf will be

alternative to conventional 10 nethods for, dealing ﬁgb heat | oads.
However, t fddentite tigpe skilledyn theyant thag the rrpsent %?I}IIQWB ‘?5{11

environnen i st
sui tabl e f ﬁisgggﬁpgi % ‘%ﬁt%gp gm?l egsgﬁﬁn@rgpﬁa errtgﬁ%gjg tf|%n;§0fc\c’)ﬁshlte g réa&r&(}:tm)
greater t hembcbchmemsrahé ekamplehaatthergfocomtts. cofiidéred ihall mspeants apatitsirative dat e
indicate that the.cpati are, best u on I wi t hout u rlyi
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W nt er heaaﬁgﬂﬂﬁggﬁhgﬁﬁékk9@§behhbﬁ@ap@@ﬂnﬁhat insulation is used. It has
been found that under overcast conditions, the radiative cooling effect is
reduced and it is believed that this may be because the increased |evels of
wat er vapour in the atnosphere close the atnospheric window. This is
especially inportant at night 20 when radi ati ve cooling can reduce the
tenperature of the internal air space well below anbient |evels. The
coatings are therefore nore suitable for use in |less cloud dom nated
environments, optimally with clear sky nighttine conditions. The benefits
of the invention include that |ess reliance can be placed on air
conditioning to maintain | ow tenperatures within an air space thus | eading
to reduced 25 energy consunption. This has advantages for the |ocal system
in which the invention is wutilised as well as w der environnental

advant ages i ncludi ng reduced production of



greenhouse gases. In other enbodi ments, the fornulation of the invention
i ncl udes additional conponents such as a biocide, fire retardant,
corrosion retardant etc. or alternatively, the 30 previously described

conponents can be selected for these properties. 1 DECEI}/%@%GE%Q%? éq’OSV\hl |l e
particul ar enbodi nents of this invention have been descr w1l

evident to those skilled in the art that the present invention may be
enbodied in other specific fornms wt holft - departing fromthe essenti al
characteristics thereof. The present enbodi nents and exanpl es are

t her ef or e THEDELABVSIIRINANGITHE INVERPEENSARE ASIFQIL{QWSve 5 and not
restrictive, and all nodifications which would be obvious to those skilled
in the art, arg dubaéeécariag compositeh fop hﬁ/icﬁn@aaméabetdoenimg' Imavirlg BEGENMSER 2005
-14 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARF AS FOIL 1. A surfa e coating
conposi tion f ofOPMEPreReHicsaths cpMREHtieR ‘H@‘% Wisfge ea‘ﬁ’ivﬁtp?gf’éen 8Bdfi ng

properti es, -t huGAIPOShicABRERE LHCNG 1Rtk daid BHiRE1s WedthBlRAit and a

gquantity of ni crospheres effective to induce said coating to'sel ectively
emt 5 thernal thenailgnetgy ih e wawebdngtiotahge afi@y Bun8 to 13m 2. A conposition
according to claim1l, wherein said coating is adapted to absorb heat and

di at heat th id. I t.h
Composi t1 oA acCURHINEED BIHTRENS BAE) e A WLCETRE AP ERR PR has o
radiative em t{aRa64 -Rale sé&ﬁ&t%%bﬁhaﬁeﬁ@fg?% ¥ \RlveRAERTangt0 4. A

conposition according to any one of the precéding clains, wherein said
coating has a solar reflectance greater than 80% 5. A conposition
accordi ng Bo chajompbsitionaeeirdingae dlaim dtor slpinds whews) sid peatingdeance  greater

than 95% 6. A_s rface oatln cGcO any one of the
precedi ng cl ai 13tiye Erittance ghea gr %ar%%%"’/t b et w[a%lglggthg

10 4. A composition according to any one of the preceding claims, wherein said coating

has a solar reflectance greater than 80%.

5. A composition according to claim 4, wherein said coating has a solar reflectance

greater than 95%.

6. A surface coating composition according to any one of the preceding claims in

15 which the microspheres are silica microspheres.

7. A surface coating composition according to claim 6 in which the microspheres

have a shell of silica-alumina.

8. A composition according to any one of the preceding claims in which the

diameters of the microspheres are substantially between 45 pm and 150 pm.

20 9. A composition according to claim 8 wherein the average diameter of the

microspheres 1s approximately 50 pm.

10. A composition according to any one of the preceding claims in which the

microspheres have shell thicknesses substantially between 0.3 pym and 1 pm.

11. A composition according to any one of the preceding claims, wherein said

25 composition includes microspheres from substantially 60 to 150 kg per 600 L.




15 which the m crospheres are silica mcrospheres. 7. A surface coating
conposition according to claim®6 in which the m crospheres have a shell of
silica-alum na. 8. A conposition according to any one of the preceding

clainms in which the dianeters of the mcrospheres are =1
between 45 mand 150 m 20 9. A conposition according tgﬁmbg%[ééei n
the average dianeter of the mcrospheres is approximately 50 gm 10. A
conposi tion according to any one of thelYreceding clainms in which the

m crospheres have shell thicknesses substantially between 0.3 mand 1 m
11. A conpiki t A@ompositon hagrding snglaiom él,ofherdie spid @ompbsitjo ingludss wher ei n

said 25 conposition_ includes_ mcr eres from tantially 60 to 150 kg
per 600 L. 1 Iﬂ&ﬂ@éﬁeéﬁﬁ?g@ﬁmﬁ?ﬁﬁ’p&@ﬁﬁgéﬁﬂ% cording to claim 11,
wherein said conposition includes mcrospheres fromsubstantially 60 to

140 kg per 1500k .composifiofr 8T8 kPR ¢ PIvilkddéin b8idCoaipbiilidn inthifkei n sai d
conposition includés mcrospheres fromsubstantially 60 to 70 kg per 600L.

5 14. A net hodmisrospberes ifiom substaariallyfEionOtky per80Bki | ding rel ative to

anbient tenperature, said nethod including the step of applying a surface
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and a’quan m Crosp ce said coating to

sel ectivel y eniempehiropdaicemethgy indudibgthewspaifappiying asugfac8ctating3o the 10 15.
The net hod of clajm 14, wherein said coati 1S adapted to ahsorb heat from
within said bubﬂﬂgi% saif goping laakuatl’&sa © &ef?f‘g‘a‘t’e B@Hﬁ%&%ﬁ‘ q‘éar‘i'é‘?yg in said

wavel ength 1 ap@Gasshires AERIVAQH iR 54l Bfatin t6 s@kffivkly Ghit @efind) dherdyinWhi ch
the surface coating has a radiative enmttance greatér than 85% at 't her mal

wavel engt hs. ltheWwavekngthtrimgt Stockdrgnng to any one of clains 14 to 16 in
whi ch the surface coating

10 15. The method of claim 14, wherein said coating is adapted to absorb heat from
within said building and re-radiates said heat as thermal energy in said wavelength

range.

16. A method according to claim 14 or claim 15 in which the surface coating has a

radiative emittance greater than 85% at thermal wavelengths.

15 17. A method according to any one of claims 14 to 16 in which the surface coating

has a solar reflectance greater than 80%.

18. A method according to claim 17 in which the surface coating has a solar
reflectance greater than 95%.

19. A method according to any one of claims 14 to 18, including the step of applying

20 said coating to a roof of said building.

20. A solar selective surface with a surface coating having a composition according to

any one of claims 1 to 13.

21. A building having a roof with a surface coating having a composition according to

any one of claims 1 to 13.




has a sol ar refl ectance greater than 80% 18. A nethod according to claim
17 in which the surface coating has a solar reflectance greater than 95%
19. A method according to any one of clainms 14 to 18, including the step of
applying 20 said coating to a roof of said building. 28 m?hgﬁsecti ve
surface with a surface coating having a conmposition acc P y one
of clains 1 to 13. 21. A building having a roof with a surface coating

havi ng a conposition according to any of clains 1 to 13. 1 DECEMBER
2005 -16 22. A surface coating conposition, substantially as herein

descri bed 22.t hArsaffacestiating composjtiam subsstaniihlly entwociinrdesiribed withireferengete i on
illustrated in the acco |.n dr.awi.ngs .and/or exanples. 23. A nethod of
reduci ng t enpef&t ?H‘eé’%\ﬁ‘etwdémgw § ﬁ’r‘fdn%é’ltlﬁfl i%)‘@trf“i?é éﬂﬁ]eé‘,‘ifo‘%l’f{“é?ﬂ?e rature,
substantial ly gawhefs@hd/odesanpleged wWith reference to any one of the

enbodi nents of the Tinvention illustrated in the acconpanyi ng draw ngs
and/ or exanples. 24. A solar selective surface, substantially as herein

descri bed @1 hArertbpdntrwdudnginpesiarcoriting bufidiparpativetoambiei i nvention
i UStSr ated i ”teMb%ra%&%?éHBQtQXﬂié]@ agrh%}@iﬁggscriﬁ&i Mé&émﬁé@%?%ne of the

embodiments of the invention illustrated in the accompanying drawings and/or

examples.

24. A solar selective surface, substantially as herein described with reference to any
one of the embodiments of the invention illustrated in the accompanying drawings

10 and/or exampiles.




