WO 02/ 098996 PCT/ AU02/ 00695 1 RADI ATl VE COOLI NG SURFACE COQOATI NGS
BACKGROUND TO THE I NVENTION 5 This invention relates to surface coatings
havi ng r adioakioys®9€ool i ng properties and in particul ar toPCTeAwWw®o®s such
coatings on external surfaces of buildings to reduce the heat load to
those buildings. Radiative cooling refers to the process whereby a body
will emt as radiation heat 10 energy ablsorbed through normal convection
and conduction processes . The physics of black body radiation states that
t he wavel ength at which a body will emt radiation is dependent on its

tenperature. For terrestRABIATEVID@GOLING, SERFACSEHOOAXINGS in the
infra-red (IR) wavel engths with a peak em ssion at approxinmately 11.4 15 W
I nci dent sol ar radiation, on the other hand, corresponds to a bl ack body

tenperature gf,@ER! dﬁ@,\gfr(gff{ﬁqu@Wd inthe ultra-violet, visible and

near IR wavel engths. of the radiation emtted by the Earth passes
through to space. A significant 20 portion of this radiation is absorbed

in the Earth' s.atnosphere, particularly by the so-.callgd "greenhouse
gases" waPer %WP{“P% ot tﬂiSBgf%‘éeec%?H\égsoﬁ%Vﬁ%g, razlr‘?dwfec%ﬁ‘il% ?g@eg‘ﬁ@f\’ B the
Earth's surf aggicufar 9o the SRUISud BRSRBEOH exRRRPERTIRS oPBuiRiihE ! e@itedthe
wavel ength. The species 25 responsible for the various absorption peaks
are identifi dgatdoad toghossbuddmgsl axis. There is a | ow absorption

"at nospheric wi ndow' in the region of 8-13m where the atnosphere is
relatively transparent. A simlar w ndow exists for some wavel engt hs

wi thin the 1-rRadmtivandolifipeifeasitonhd paaedshehdretyt b'badg wwifl caneit \ab tridiatidoh heat
wavel engths is likely to pass through these atrnospheric wi ndows to space
rather tHEn &B@@V@B%Pré‘iﬂ th%‘gbﬁéﬂlé%lﬁﬁ%‘f?ﬁE?IéaWnH‘g‘ttWﬂé%eﬁ%?st he Earth's
surf ace.

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, emission
occurs in the infra-red (IR) wavelengths with a peak emission at approximately 11.4
15 um. Incident solar radiation, on the other hand, corresponds to a black body
Atemperature of 6000° K and is concentrated in the ultra-violet, visible and near IR

wavelengths.

Not all of the radiation emitted by the Earth passes through to space. A significant
20  portion of this radiation is absorbed in the Earth’s atmosphere, particularly by the so-
called “greenhouse gases” water vapour, carbon dioxide and ozone, and re-emitted

back to the Earth’s surface.

Fig. 1 shows atmospheric absorption as a function of wavelength. The species
25  responsible for the varioﬁs absorption peaks are identified on the horizontal axis.

There is a low absorption “atmospheric window” in the region of 8-13um where the

atmosphere is relatively transparent. A similar window exists for some wavelengths

within the 1-5 pum band. Radiation from the Earth’s surface within these wavelengths

is likely to pass through these atmospheric windows to space rather than absorbed by
30 the atmosphere and returned to the Earth’s surface.



WO 02/ 098996 PCT/ AU02/ 00695 2 For the wavel engths having hi gh at nospheric
absorption there will be significant anounts of radiation in the

at nospherwoag/obgvaé radi ati on i s absorbed and re-emtted Irackatoo/0&@st h.
Conversely, for the wavel engths corresponding to these atnospheric w ndows
there will be little radiation in the atnosphere as the majority of
radiation 5 emtted by the Earth at these wavelengths is allowed to pass

t hrough the atnosphere to space. A "selective surface" is one that
exploits the atnospheric window by preferentially emtting thermal energy
at wavel engt kg GRS RBIBRAGH halidg HIGS @trds EhsofptiinN@ieMS will b8 spdficadther e
is reduced incident radiation ich may be absorbed by the surface, that

al | ow rapi d wammsfserf rediatiomin theditapspbere & bpradiating ibpbisehedgandore-amidled pt i ve

of radiation ut side these wavel engt hs. , S RY. _OF THE .| NVENT] The
i nventi on reé’f’gfeg) F'ﬁg}é Ef?f“é \é\%y’fft% ﬂ%l WRehRBhS CofrgPoRding to 4 ?Sgt%tr\gélSPélg)egf:i ng
surface coatyif@oWPtheAwlKbe iRl ragiafibm e thef atmokphctdlhdtheahaibast ef faditiohy | ow
absorption at wavel engths of incident solar radiation and high radiative
emi ttanceSat emtied '@h@t@%@nbfat thegegwiaveltenethe P%@Weﬂéﬁpwsiﬂéfﬁ!lg@@‘e?g'éoﬁ §&rtPi on
is based on tsﬁ?c di scovery that such a coating may be obtained by the
i ncl usi on of qi spersion of gas or vacuumfilled m crospheres in a coating
conposition containing a solar reflective pignent. The m crospheres
enpl oyed are preferably of the silica type, nost preferably haying. g shell
of silica-al ufmp ectipp spitpgss 199ng Fﬂﬁﬁﬁﬁyﬁﬁ ‘Etﬂ’é’sl?br?g’éﬁi"ing?l",v n@Sfeﬁ?ﬁlﬁﬁVng
effective a ! Hifof hérad Wehdbhe
i 11ty to ach g st indier KORRIRIBRs colRnlife (5 BlesRAR -

10  where there is reduced incident radiation which may be absorbed by the surface, that

allow rapid transfer of that radiation to space and by being non-absorptive of radiation

outside these wavelengths.

SUMMARY OF THE INVENTION

15
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 radiative emittance at wavelengths of
reduced incident radiation.

20

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

30 or N orthey may be vacuum filled.



interior of coated structures, The m crospheres enployed in such coatings
may be gas filled, for exanple with CO2 30 or N2, or they may be vacuum
filled. WOO020098096 PCT/ AU02/ 00695 3 Preferably the coaPCmU0S/000OF only
non- absor ptive of solar radiation but is reflective, rather than
transm ssive, of these wavel engths. Preferably the coating has a sol ar
refl ectance greater than 80% and nore preéferably greater than 84% 5
Preferably the coating is characterised by radiative emttance (e) greater
than 85 % nore preferably greater than 90% and still nore preferably
greater than pagdaBly the Bt isWRY ShBNndbsorptiee 6prdlanedifiohasit iOfeflebgvesol ar
absorption and radi'ative emttance characteristics of 10 the coati n? are
such that theatherathendransmispive, efothasss warelensths. e Resfepblyr thenoapting Rasap solar
internal air n aradhateth o,radiation to
achi eve net rgfg%?aglf ?%a%ggﬁaﬁgg%ﬁ‘dt’ﬂ%%S?ér?&é%ﬁ@g& t#ﬁgn(r:%a/f'i ng of the
i nvention, when applied to a sheet steel surface exposed to solar 15
radiation at Air Mass 1.5 Sol ar Spectrum and anbi ent ter’r})erat ur.e 045 £0-28 C
the forndl afreferablysthe£pating iseaharagierisqd eradibive sgikancede) gsaehthagi$S Dace
bel ow t he steegl P, r ot f tJ t Lnyentd i+ S
curabl e and n“g%e B’ZQ%%LBH g{ac%E% @%l 3986, gg?((} g@lﬁ %&%u#?fc}fﬂgy LFgl&r%r g‘%agr%@ Eiz;r ea
spray processheridbl WhvdEnp€sl PTI ON OF THE DRAW NGS Preferred enbodi ments of
the invention will now be described by way of non-limting 25 exanples and
with reference to the acconpanying figures in which : Fig. 1 shows a graph
of at MSpher ihe BRI RoS (Y SoldCHRLFGH Bad Fldfhtivé ehliie chftati@sstds Ol
conparative testing of a coating according to the invention )

10  the coating are such that the coating is able to absorb heat energy from within an

internal air space and re-radiate that energy as thermal radiation to achieve net

radiative cooling of the air space.

The coating of the invention, when applied to a sheet steel surface exposed to solar
15 radiation at Air Mass 1.5 Solar Spectrum and ambient temperature of 20-28 °C the
formulation displays a net radiative cooling effect to the air space below the steel

sheet.

Preferably, the formulation of the invention is curable and may be applied to an

20  existing building using a large area spray process.
BRIEF DESCRIPTION OF THE DRAWINGS

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

25  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 the invention
against conventional roofing systems, and

30

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



agai nst conventional roofing systens, and 30 Figs. 3 to 5 showthe results
of further conparative testing of the invention WO 02/098996 PCT/ AU02/ 00695
4 DESCRI PVDO@0g¥59¢REFERRED EMBCODI MENTS OF THE | NVENTI ON APCarAtiokaedosn
according to the invention was manufactured as follows. Quantities 5 given
are for a total 600 L mx and are provided for illustrative purposes only.
Though precise quantities are stated, wide variation fromthese quantities,
even down to zero for sone conponents, are possible and within the scope
of the invention. 610 g of a sequestrating and wetting agent, preferably a
pol yphosphate and 610g of a 10 dispersing agent was added to 91 L of water
ina mxing drumand m xed at 2000rpm for 10 mnutes or until the

i ngredi ents AESGRIGTIOYHDE PBEFERREEUEMBORIMEN P OFBHE INYdNIION ol ar
reflective pignment such as rutile grade Titanium Oxide (Ti Q2) (38kg), 72

kg of a filler such as CaCO2 or MgCO2 that | ends water resistance to the

cured fornulpifdfinlatntacterdity @O tha iSHHHREN Ha® Mmageittured gs foHSIsCBQuitaitied or
Si02 that is also 15 abrasion and corrosion resistant on netals. The, m x

was then 8i sgivenesreafor ap ptax600bomix 3nd faeg Providady for Tisteative AUrpeses Pt i mes
wi || depend the parti .Sl ze. [ r 1k hiHes
nti 1t hem arerar PRRlE gfuicRt B s vide URSh it WORE olirliad raThopl

m crons neasué e¢to dor ntda@igyonéats, etk faasigk. and vityipthexc@rBflithoiventiinnder such
as a styrene acrylic, acrylic resin, honmopol yner or PVA was then added and
m xed for 15 mnutes at 1500 rpm Approx 3.8 L of a defoam ng agent,

1500 T pm 25 10Tt SRl sl Sl B IR R B oA B R
the pH td0a rdispgsimbgeatas added to 91 L of water in a mixing drum and mixed at 2000rpm
for 10 minutes or until the ingredients are thoroughly dispersed. To this mix was
added a solar reflective pigment such as rutile grade Titanium Oxide (TiOz) (38kg), 72
kg of a filler such as CaCO, or MgCO, that lends water resistance to the cured
formulation, and 72 kg of a suspension agent e.g. MgSiOs, BaSOy or SiO; that is also
15 abrasion and corrosion resistant on metals. The mix was then dispersed at approx
2000 rpm for 1 hour. The actual mixing times will depend on the particle size. It is
preferred that mixing continues until the mixture is brought to a Hegman setting of 7

giving about 15 microns measured on a Hegman Grind Gauge.

20  Approx 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.

Approx 3.8 L of a defoaming agent, preferably non-silicon based, was then added and
mixed for 10 minutes at 1500 rpm.

25
1.9L of ammonia or other suitable alkali is added to adjust the pH to a range suitable

for the addition of thickening agents. The ammonia was mixed for 10 minutes at 1100

rpm.

30  Next was added a coalescing agent such as any trimethylpentandiol, e.g. Isonol (4.8L)

and mixed for 15 minutes at 1100 rpm.



for the addition of thickening agents. The ammonia was m xed for 10 m nutes
at 1100 rpm 30 Next was added a coal esci ng agent such as any

trimet hylwereass#veol , e.g. Isonol (4.8L) and m xed for 15pairmitoeso@s 1100
rpm WO 02/ 098996 PCT/ AU02/ 00695 5 Propyl ene dycol or other suitable
glycols that act as a further coal escing agent and adjust the curing tine
were added and m xed for 5-10 m nutes at 51100 rpm 400 g of a non-toxic,
broad range bi oci de was added and m xed for 5-10 minutes at 5 1100 rpm
The bi ocide may include a uni-fungicide, bactericide, insecticide and

al gaeci de ang bdYotHE VRl Eb10 a1 2B RVHat iRE B § -FurdndroRleeh P aRU AR
preferably Sgrg@lg{ff?‘%ﬁ érh%ﬂﬁy%%tgeggéﬁﬁﬁl%ga%group (69501'18%) V\B.é; getl
[

pr e- di ssol vecddjust the clrimg timewere aiddd andbmixed fenS-40 thindtrest opmhe mai n
m xture for 10- 10 15 mnutes at 1100 rpm The m xture thickened with the
addition of this conponent. The viscosity was neasured using a No. 4 Ford

Cup and adj usfppd; N4 hbn-Boxid!bréddr@@biotidswagfadddl arcandd foRs-18chinsctw t h
al |l owances nade tenperature. A plasticiser (l1Q.), preferably phthal atg, was
added and5ni X480 from. 1Fhaibiesides mey inglyde a1wnirfppgicitpebagtericideyimsesticide @gdwas
to add a mcres f ook I le 70-90 kg, which was m xed
for approx 3@?%#%}%%2(1%3’%5 udggélgrog?éa'g%%gi& 300 rpmto avoid damage to
t he spheres. The m crospheres were approximately 45 m- 150 pmin 20

di aneter (average 50 gmis preferred) havin ilica-alum na | | between
0.3 m and 1 ‘bHiekng agent, arqf¢rplvlmslee¢ﬁd%@m %?%&S%M@@@SP&WA%EMJWW
powder and arg. jhel; ¢ Etéf‘(ﬁfa i S2d Mioled 1o théihafORbdn}e fit10-east
in the wavel gﬁ%?ﬁ?%&@ﬂg I9(<'311ft9‘wr71)sp ertlhé(}pav(vfla%om. V\hill e COZa-fi' le ed

m cr osphddes seniutesati1100 tphi. sTiexminsire thickéned syithethe additinn loé thismeeraporfent. | ed
to a pressur efh%fvigco-sri%[ \rzvaso rrnegs%?edb l?sir];gl 2|1 {\I%% \f‘do}‘(f' CS}Q g}u‘i] gclijusted until a run through

time of 35 seconds was achieved with allowances made temperature.

A plasticiser (10L), preferably phthalate, was added and mixed for 10 minutes at 1100
15 rpm.

The final mixing step was to add a microspheres component, in this example 70-90
kg, which was mixed for approx 30 minutes at a reduced rate of 200-300 rpm to avoid
damage to the spheres. The microspheres were approximately 45 um — 150 pm in
20  diameter (average 50 um is preferred) having a silica-alumina shell between 0.3 um
and 1 um thick and a filling of CO,. The spheres 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 CO, —filled microspheres were used in this example,
the spheres can be vacuum filled to a pressure of 4 Torr or can be filled with another

25  gas, for example N, .

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
30 retardant, corrosion resistance, biocide etc. Those skilled in the preparation of paints

and curable surface coatings will understand that the proportions of the ingredients



25 gas, for exanple N2 . The above ingredients other than the m crospheres
were chosen fromthose available primarily for their |ow sol ar absorption
and hi gh wberned99en tt ance properties as well as for thePCTnpeI®dSes t hat
make them suitable for use as a roof coating, e.g. fire 30 retardant,
corrosion resistance, biocide etc. Those skilled in the preparation of
paints and curable surface coatings wllgunderstand that the proportions
of the ingredients WD 02/098996 PCT/ AU02/ 00695 6 will be adjusted to the
particul ar application. For exanple, in the above fornulation a relatively

smal | quanti tvyillc’r}(e a\ﬁiﬂs{eﬁ. t8 iw%gegagﬁ%cgﬁﬁn.%!&m le, ANdle tam)\% ﬁﬁﬂulgﬁg[)n a

i ncreased where appropri at conpositiohs contalning greater
concent r at i onslatifelyn stabis phantieys ,of fvoliitee pagmeEne (TIOL) iKEneoyed) ind , thisaparbde used
to advant age., H gher concentrations, for exanple 150 Kg per 600 1, may

al so be used.lnefﬁ%*eg?’vé‘F@rqPQH’pE‘BWposi tion has at |east 40% solids, nore
preferably at |east 60%solids 10 and still nore preferably at |east 70%
solids. The resultant m xture can be seal ed and stored ready for

appl i cat i 6n. Ckating ooppesitiorsreontininggreatonca@wentrations af méscosphierss, forekample but

is preferably lied r oof s tgt ave a .,clear view of t sk nsure
nmexi num r adi a}t4|33£g B?foqqtuglg CannDg use 30 35%8:51%@831[{?51?& c%n'cax.ltraf,gng,nfggcm}g%gage
roof, is bestgk@gdiceuednhyaldo 5PhgH. coating process, for exanple using a
GracoTM airl ess spray gun with Tungsten Carbide tip. The coating may be

applied as a single thick layer but will nore typically be built up froma

lied as a sit . or e typi | !
can 20 be apferRieiRd roralRs AR e Ra o Yol Sucly B ER DUEpTlaob IR 0

fl at ness 10f tdn@ sellnfo€ prefedatstl aplen 704dlbat i ng or rough surface wll
require the application of thinner coats to ensure the overall coating is
of even thickness across the surface.

The resultant mixture can be sealed and stored ready for application. The composition
can be coated onto any exterior surface but is preferably applied to roofs that have a
clear view of the sky to ensure maximum radiative cooling. A large area coating, e.g.
15  on a warehouse roof, is best achieved by a spray coating process, for example using a

Graco™ airless spray gun with Tungsten Carbide tip.

The coating may be applied as a single thick layer but will more typically be built up
from a series of thin layers. The thickness at which a single layer of the coating can
20  be applied will depend on the viscosity of the formulation and the flatness of the
surface. A sloping, undulating or rough surface will require the application of thinner

coats to ensure the overall coating is of even thickness across the surface.

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

less than 10mm.

Coatings manufactured in accordance with the above example have been found by
30 optical measurement to exhibit a hemispherical solar absorptance of 0.15, and thermal
emittance estimated from measured roof heat loss coefficients is greater that 0.9. The

observed radiative capability and IR spectra of the material are such, however, as to



If the coating is too thick it my act as a bl anket for the building and
retard the transfer 25 of heat fromthe internal air space to the coating
for radi awowe/oesswesi on resulting in higher interior tenp@CatAle®0695t is
thus preferred that the thickness of the coating is |ess than 10mm

Coati ngs manufactured in accordance wth the above exanpl e have been found
by 30 optical neasurenent to exhibit a hem spherical solar absorptance of
0.15, and thermal emttance estimated from nmeasured roof heat |oss
coefficients is greater that 0.9. The observed radiative capability and IR

spectra of the,. rial. are . L 3 o} / 9 .
oo/ AUo2! 0eoRice Hie Bis@hd ﬁﬁgeg?&“g ¢ Shdihve 4011 e%‘:/}?\?gszﬁogggﬁ Amgspherie, i
the 8 to 13 wifgd@bt.nospheric w ndow. Conparative tests have been conducted
bet ween the conposition of the invention and 5 conventional roofing

systens. In the first of these test, four steel boxes, approx 330mm x 330

m x  760mm Wbl 8o bEE &n}gﬁagd h&wteaeufeec% osiﬁgﬁ 0P GRVAMRIOR and
. e. pen en (0} of t

inverted (i wn) so that the bottom e box becane the roof
for the purposentbnilheofiegtsystéach Ihake Hast oft thesd thst, vialit stekli bextksywapprox

i nsul ating batts ra at = 1.5. Two boxes had auter surfaces of bare
steel, and o%éb’@fnfﬁgggl%é?@ﬁ’énnﬁ’ﬁﬁé?tsqnﬁgn%fw?fﬁuFfidsmrﬂb%rfeStisngﬁfE?’ée(‘? Wth the
same balls asyyied (P8 dphf HBlshim) I0that BicrtbildoPmE tRK tRbime Y oot &l mebond
steel, and the renalning box had the exterior side of its roof coated to a
t hi ckness of pagmserf te TestmEadhttoxthiad its sidp vwills lived with insulating daity xated a5 Repar ed

as above. 15 The test hoxes, were di spose utsj de wiqth iBg a
clear view of ¥ nggﬁgges%aﬁtog}eﬁgqr%}cg @?aé‘f ﬂ?eg’ @aodﬁeﬁgl@%rﬁg&@g%%ée%@ér y for
a periodigf 1Q 1860insul AR weihithe SMhSbAIS & RPsRiHereAlsVell thiré box dreodet- The
results are graphed in Fig. 2 where the conposition of the invention_ s

referenced usihig €olerbond sienl ang heirempining hoxapd the exterior side of its roof coated
to a thickness of approx 0.7 mm with the composition of the invention, prepared as

above.

15  The test boxes were disposed outside with each box having a clear view of the sky.
Internal temperature readings were taken hourly for a period of 10 days. Ambient
outside temperatures were also recorded. The results are graphed in Fig. 2 where the
composition of the invention is referenced using the present applicant’s trade mark
Insulshield™. As is evident from the results, the coatings of the invention performed

20 remarkably better than the existing roofing systems in maintaining a low temperature
in the interior space of the test box and was the only product to consistently provide

interior space temperatures below ambient.

It should be noted that the test period covered predominantly cloudless days and
25 nights and that under more overcast conditions the performance of the coatings of the
invention is reduced. However, even under these conditions, the coatings of the

invention still out performed the prior art systems.

In a further test, an uninsulated steel enclosure was coated with a formulation of the
30 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



I nsul shieldTM As is evident fromthe results, the coatings of the

i nvention perforned 20 renmarkably better than the existing roofing systens
i N mai nt aW0iRMIs9 ow tenperature in the interior space ofCrhaoresdsbox and
was the only product to consistently provide interior space tenperatures
bel ow anbient. It should be noted that the test period covered

predom nantly cloudl ess days and 25 nights and that under nore overcast
conditions the performance of the coatings of the invention is reduced.
However, even under these conditions, the coatings of the invention stil

out _per f or e dadififorPldepdy B tnSNRE 8 ofurk hlBRled @5 Wit oHRIRERLAG
tgig %@ frPlor fidh %’(Bﬁ( Io

st eel encl osure was |on i nvention,
to cure and teh&lgy&nbjleglvﬁd 2toﬁ réstadiated laedt GIRD ofThatotdl Gh2rgwautRit iofi (t()&Beﬁtm on

the horizontal at anblent tenperature of 23 Cwith cle Ky ¢ i ons.
The total WOYP %@wﬁaf BeREY | %Sb‘ﬁg%ﬁtﬁe‘igvﬁ‘c’)ﬁ?att‘ﬁ@o 36f of

the encl osur %b&olrgp%ljls?l%dq%?%n%?} FroMl tHeClit 9%0%%@9}1 qhe eﬁél@itﬁé’ aﬁd‘@uﬁpﬁg tiyr 2 of

re-radi at ed heat energy output of 1082 was t hus

gr eat er t Ban enbrgyitotiecmosphetear energy. This suggests that the coat ed roof

was able to absorb heat energy fromthe air space within the encl osure and
output that 5 energy to the atnosphere. For a simlar enclosure having an

insul ating | ayela fenNeAtitldhe BM% ah ulEihg SHRE B¥nedtl tiRUFoofethe HO 4ndiry 2
which is less than for the uninsulated case but is still sufficient to

achi eve a srrwlutpummascl@@r“hg ahichds lesethen f¢rrth@:@mamlate¢1§assfbumsgﬁlluSHéﬁ%ttt

solar 10 radiat Und clear..sk 1.9 t i
cooling conti RS lePfEut Mcﬁft Cf’ﬂlé“ éffn Q I oa‘gggﬁ Oﬁrli‘p% i dee%? nstégarrnal
t enper at ype irhdikdieh. uni nsul at ed enclosure mas 16.4 C conpared with 20C

anbient and at 2 amthe internal tenperature was 15.7C 15 conpared with
18.8C anbient. In the insulated case, the internal tenperatures were

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

slightly above ambient.

From a comparison between the underside roof temperatures of an uncoated steel roof
(56°C) and a similar steel roof coated according to the present invention (33°C), it can
20  be seen that coatings of the invention when applied to roof structures can reduce the
solar heat load to the internal air space due to the coating’s high solar reflection
properties. Because there is very little solar heating of the roof, the roof can instead
absorb heat from the internal air space below the roof. The high IR emittance
properties of the coating allow this absorbed heat to be efficiently radiated away from

25 the roof, thus achieving a net cooling effect to the air space.

Furthermore, because there can be a significant temperature gradient within the air
space, with the temperature just below the roof being up to several degrees higher than
at the base level, this radiative cooling effect can continue to the point where ground

30 level temperatures significantly below ambient are obtained.



slightly above anmbient. From a conparison between the underside roof
tenperatures of an uncoated steel roof (56C) and a simlar steel roof
coat ed acworodiosryoé o t he present invention (33C), it can P20Thaogeenst hat
coatings of the invention when applied to roof structures can reduce the
solar heat load to the internal air space due to the coating' s high solar
reflection properties. Because there isgvery little solar heating of the
roof, the roof can instead absorb heat fromthe internal air space bel ow
the roof. The high IR emttance properties of the coating allow this

T R0 2 I b Sedifa ShidsClerlls ¥ AERMA'GHA BBl ffth riBehbe J0PBlo ADRYS

achi eving a rnet "Coo € alr space. ernore, because there
can be a signodi eadvaldagthe patforrangs @dhecdating iha dehbuntatile claspaae, with the

tenperature just bel ow the rqof being up, {o several degrees higher than at
the base | ev&nvirqmiment. Bertablg %sswa}smﬁ@vv&%w éfhﬁuﬁt@i‘@i%ﬁg Y2 [REtaleN nt

wher e ground : Lontficantly bel ow anbi ent are

obt ai ned. mf‘gg&gﬁég‘%g’éﬁ?%g%g%ﬁﬁ%h n a second series of tests, a
field trial was conducted from Decenber 2000 to April 2001 to evaluate the
per formance the. cogtjng in a.denountabl e ¢l agssroom environnent, .

Portabl e cl aﬁ?&%ﬂg‘g&aféhw%ﬁg}tyn&’éﬁenhﬁ WQ@P’@r@ﬁ(‘PWg@ %"gb{h@‘l&f‘}%n f or
over heating, nﬁbilaltrbsféh%hmn%@wmfaﬁ gEHUTRIRS have a HARhASBE 081 Slea tHa extévient i on is

intended principally for the comtercial and industrial netal-roofed

bui | di ngs whiwahtl syefaessair¢ay Thademeuntabithclhssrapats pressht & Eerst ¢ASA SR ®r  wal |
surfaces area..The d unt abl assy 0os ent a "worst case scenario"”
in which to “f}}"-fli‘htlo tflﬁlreg?:fi%%flﬁ or](ft%? §°§{?gl?%ﬁegf)(§)\%§'ﬁg reasons: 10 |low roof to
wal | ratilg, unlikeow ugsiitowal @i, anlivesuphraiasiass oswireliasés,i nsul ation, whi ch
del ays internal heat reaching the cqating thereby . )
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 3m’ per person, which is about twice
the density of a standard supermarket,
15 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.

Despite these challenges the coating performed extraordinarily well. The maximum
20  daily temperature of the coated room during the occupied period of the trial (February

to April, 2001) was maintained at or below ambient for 84% of the time. During the

unoccupied period, the coated room’s peak temperature was at or below ambient 81%

of the time, with differing weather conditions accounting for the variation.

25  Temperature recorders were located adjacent to the teacher’s blackboard at a height to
correctly record the temperature of the occupied portion of the room. The graphs of
Figs. 5 — 6 show the results of observations in two rooms used in the test, one of
which was roof-coated with the composition of the invention. (Another uncoated room
contained a small window-mounted air conditioning unit, and there was no control
30 over its use. The unit was, however, at the end of the classroom remote from the
temperature sensor, and in fact the corresponding graphs for this room show that it

had no appreciable affect on the measured temperature. The graphs for that room are



creating a tinme | ag when conpared to anbient air tenperature novenents, a
relatively high occupancy rate of about 3nR2 per person, which is about

twi ce thwodemssswy of a standard supernmarket, 15 open w neéomm@adoei | i ng
fans that permt a high rate of external air exchange thereby increasing
the difficulty for the coating to maintain internal tenperatures
constantly bel ow anbi ent. Despite these g¢hall enges the coating performnmed
extraordinarily well. The maxi mum 20 daily tenperature of the coated room
during the occupied period of the trial (February to April, 2001) was
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the tine, wi affected bganyghadingtfhcorscondi ti ons accounting for the variation.
25 Tenperature recorders were | ocated adjacent to the teacher's bl ackboard
at a height to correctly record the tenperature of the occupied portion of
the room Th r i - t £ rWidih@s 1 N
two roomns usgggir%ﬂ? ﬁg&tg%nst%ﬁ, 1gf)ﬂrlleeé)(l)llp Wﬁqvﬁiél} %sﬁta&%ﬁ?@%ﬁ%&eggﬂefcﬁh t he

conposi ti Bn ofialt he i nvention. (Another uncoated room contained a snall

wi ndow nount ed air_.cqnditioning uni,t her e, was_no,control .30 over its
use. The unit was ,Flglgs\}\ever, Taé? gPW@ﬁﬁ@&‘hﬁH‘@P%?&%%sﬁP?%%%%édfrom t he

t enperature sensorF,ig.a;r:ld in hagApkNl 200 hemgaRltdtlesgpéivds for this room show
that it had no appreciable affect on the neasured tenperature. The graphs
for that room are Fign502/ 098Ferumyte Apnik/2006 9deingshe pequgicdberiadend ncl uded
here). The rqpus. had..shaded while their roofs were not affected by
any shadi ng fsg%\?%ggd%ﬂ)m%adkftgrgﬁ@ta@%& esented in the foll ow ng graphs are

taken freomthree periods within the 5 trial: Fig. 3: |ate Decenber, 2000 -

bei ng the warnest period, and .
J Althoug}? 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.

15 Reference to Fig. 3 shows that on the hottest day in December the ambient
temperature reached 38°C by 12 p.m. and the unquoted class rooms peaked at 41°C by
3 p.m. However, the coated room was 8°C cooler than anibient at midday, 4°C cooler
by 3 p.m. and 7°C cooler than the other rooms.
Overall, it can be seen that when the ambient reached its peak on most days the coated
20  room was generally around 6°C to 7°C below ambient. Although the temperature in
the coated room reached its peak several hours later, often around 4-6 p.m., it rarely

reached the maximum ambient temperature.

Also apparent from Fig. 3 is the fact that the coated room commenced cooling usually
25  when ambient temperature fell to that of the coated room. As noted above, the time

lag in the cooling of the coated room would be primarily due to the sub-roof insulation

trapping internal heat which would have entered the building through air exchange or

being generated from internal sources including people.

30  Inrelation to Fig. 4 a significant observation is that the coated room maintained 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



Fig. 4: md April, 2001 - being the coolest period, Fig. 5 February to
April, 2001 - being the occupied period and show ng daily peak

t enper at Wwe2/04099Al t hough there were nmany environnent al f&crov®22bespsnd t he
control of the trial including cloudy weather, air-exchange factors and
room popul ati on, the coating produced excellent results over the whol e
period. 15 Reference to Fig. 3 shows thatjon the hottest day in Decenber
the anmbi ent tenperature reached 38C by 12 p.m and the unquoted cl ass
roons peaked at 41C by 3 p.m However, the coated roomwas 8C cool er than

anbi ent at M gda% 42, 880) Soundhidtal 1 p3 e o8Bk fim WA RIRE-CINFC I 0ONS.

Overall, it can reached its peak on nost days

the coated 2Q@olpthiah Wibicaenay tht btheffoord APl il Pthd&a basednvpainthi 4n10:00hmough
the tenperature in _ the coated roomreached.its peak seyeral hours Ip&t er,
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room As fot edoraleosrayallyhreadhiedrenlyl28¢5°C arduné 6qoml, ilong affer thegroomaraschor oom woul d
be primarily due to tgerbtgua-roof insulation trapping internal heat which
woul d have en?R&CEH! ¥5dOHAF (8 ng through air exchange or being generat ed
frominternal sources including people. 30 In relation to Fig. 4 a
significant observation is that the coated room mai ntained the nore even

f1ow of tenpeksanbien terapiritord fallwmshe atssafteanaop] the ingelpden trapsihe inderaalhent
rooms as well .as anbient, air, it also.did not.aget .as_cal jght. At the
hottest tine eo‘?ﬁb@éﬁé‘@%ﬁf‘ﬁ&@ﬁf%é%m ‘ﬂOlg‘% ai%ﬁaﬁgﬁge%%meg ‘around
m dday tqp2 p.m, the coated roomwas about 4C to 7C
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

efficient building.

15 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
to operate. This is the ideal ~ in cooler or cloudy weather it is usually desirable to

20  retain a little more internal heat.

The present applicant has found that the radiative cooling coatings of the invention are
most effective when used on roofs without underlying batt insulation. It is believed
that the batt insulation, while providing a barrier to the ingress of absorbed solar
25  radiation, retards the radiative cooling mechanism by reducing the transport of heat
energy from the internal air space to the coating when it can be radiated to the

atmosphere.

30 Coatings according to the invention provide a useful alternative to conventional

methods for dealing with solar heat loads. However, the suitability of their use will



cool er than anbient and the other roonms. April 17th is a case in point. At
10:00 a.m the coated roomis still only 18C and anbient is 23C. \Wen

anbi ent pweke/og99d2: 00 p.m it reaches 28C, whil e the coaCcadtoeoooss stil
a confortable 22C. The coated 5 room eventually reached only 25.5C around 6
p.m, long after the roomwas no |longer in use for the day. As anbient
tenperature falls in the late afternoon ghe insulation traps the internal
heat of the now closed roomand prevents it fromcooling at the sane rate
as anbient. 10 Wthout insulation the coated building will cool at al nost

the same rat 9eh® n;u@ﬁeng&?d d& m@%‘ﬁh%}hnaa& lin WIREES tﬁaamee& bhe @ean Thea

nore econom cal” and Ironmentally efficient buillding. 15 Fig. 5 shows
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requires a mainly clear sky to operate. This is the ideal - in cooler or

cl oudy wedt heeonamirsofithg sitiationenay gistate thet dup foevinfes hgating eqnsiderations Htigr nal

heat. The pr n s found that the radiative cooling coatings
of the |nven?’?%gﬁaat%gﬂa%gtst%spgect|ve when used on roofs w thout underlying

batt insulation. It is believed that the batt insulation, while providing

a barrier to_the |ngress of abs rbed solar 25 radjati ret rds
radi ati ve codl MAY ﬁ%‘tﬁ‘é‘mds%ab;}m FANGTEAS © lfl?%?néib“o ‘ﬁﬁqvehﬁoaq mgeﬁé"r“gfsf rom
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at nosphere. I ngs accordi ng I nvention provide a useful

alternatilge tvapmriﬂﬁmtatmnqiheren(éd)ﬂedhesathmspltbemlwm@owu ﬂ" hisse kspeciabptimpertans .

However, the aS lrjligﬁl?gs}hlerll terlgtEvet cho%img %gr(xa re uce thve\l%er%%{erggn ?the 1ntt:rnU292a/1r0 (s)rgsa%g
well below ambient. The coatings are therefore more suitable for use in less cloud

dominated environments, optimally with clear sky night time conditions.

15 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
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.

20
The formulation of the invention may include additional components such as a
biocide, fire retardant, corrosion retardant etc. or alternatively, the previously

described components can be selected for these properties.

25  While particular embodiments of this invention have been described, it will be evident
to those skilled in the art that the present invention may be embodied in other specific
forms without departing from the essential characteristics thereof. The present
embodiments and examples are therefore to be considered in all respects as illustrative
and not restrictive, and all modifications which would be obvious to those skilled in

30 the art are therefore intended to be embraced therein. It will further be understood that

any reference herein to known prior art does not, unless the contrary indication



12 very much depend on the environnent in which they are to be enpl oyed.
The <coatings will be nost suitable for use on buil dings where the sumrer
ti me coolwog@2/0e89%¢ s are greater than the winter tine heat iPeg/Aansnes Wil e
the experinents to date indicate that the coatings are best used on roofs
wi t hout underlying insulation, the 5 econom cs of the situation may dictate
that due to winter heating considerationg3it is best that insulation s
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
I ncreased | e\‘?‘ﬁg erco\A@ﬁtﬁ{e ant QaHARBH thit bR $ridt MRSRN@f&A19 Ioteby those

at nospheric his is especially inportant at night when radiative
cool ing can rskﬂlledmt}ieartttemmdahcumemiortmbtqsnt ernal air space well bel ow
anbient. The coatings are therefore nore suitable for use in |ess cloud
dom nated environnments, optimally with clear sky night tinme conditions. 15
The benefits of the invention include that | ess reliance can be placed on
air conditioning to nmaintain |ow tenperatures within an air space thus

| eadi ng to reduced energy consunption. This has advantages for the | ocal
systemin which the invention is utilised as well as w der environnental
advant ages i ncl udi ng reduced production of greenhouse gases. 20 The
formul ati on of the invention may include additional conponents such as a
biocide, fire retardant, corrosion retardant etc. or alternatively, the
previously described conmponents can be selected for these properties. 25
Wil e particul ar enbodi nents of this invention have been described, it wll
be evident to those skilled in the art that the present invention may be
enbodied in other specific fornms wthout departing fromthe essenti al
characteristics thereof. The present enbodi nents and exanples are
therefore to be considered in all respects as illustrative



and not restrictive, and all nodifications which would be obvious to those
skilled in 30 the art are therefore intended to be enbraced therein. It

wi || furtweroziogsoshder st ood that any reference herein to POBMUROIOS art
does not, unless the contrary indication WO 02/098996 PCT/ AU02/ 00695 13
appears, constitute an adm ssion that such prior art is conmmonly known by
those skilled in the art to which the i nygention relates. W 02/ 098996

PCT/ AU02/ 00695 14 CLAIMS 1. A surface coating conmposition for the

provi sion of a surface coating having radiative cooling properties, the
conposi tion iMAmsi ng a solar reflective pignent 5 and an effective
quantity of m crospheres. 2. A surface coating conposition according to
claim1 in which the m crospheres are .silica mcrospheres. 10 3. A surface
coating conpqgsition.according to ¢laim2.in which 1 S egs .have a
shel | of silita* a?‘ﬁfﬁcﬁaff)atﬁngﬂ\%%ﬁ%%%?q (¢ nthﬁc%rwlali%ﬁg&?g J&%{:ér)ncﬁgﬁ{r% \?\lﬂ‘l’lg t he
di aneters of th@dics essihy Bopéries, tisubpmipsitionlihdluding wesehr 4&flqetivapifriad p. m
5. A conposition according to claim4 wherein the average di aneter of the
15 mi cr osPher esandsanggifechyg arentity,ofmmciospheses. A conmposition according to claim
3 in which the mcrospheres have shell thicknesses substantially between
0.3 pmand 1 pm 20 7. A conposition according to claiml containing from
substanti al | Y. 80 stifackT0atiégs @mpositionasirding o pleim 660 whictBthe Anicrosphesést dren

according to ¢laim7 containing fromsubstantially 60 to 140 Kg of
silica microspheres.

10 3. A surface coating composition according to claim 2 in which the microspheres
have a shell of silica-alumina.
4 A composition according to claim 1 in which the diameters of the microspheres lie
substantially between 45 um and 150 pum. .
5. A composition according to claim 4 wherein the average diameter of the

15 microspheres is approximately 50 pim.

6. A composition according to claim 3 in which the microspheres have shell

thicknesses substantially between 0.3 pm and 1 pm.

20 7. A composition according to claim 1 containing from substantially 60 to 150 Kg of

microspheres per 600 1.

8. A composition according to claim 7 containing from substantially 60 to 140 Kgof
microspheres per 600 1.

25
9. A composition according to claim 7 containing from substantially 60 to 70 Kg of
microspheres per 600 1.
10. A method of reducing the temperature within a building relative to ambient
temperature, including the step of applying to the roof of the building a coating

30 containing a solar reflective pigment and an effective quantity of microspheres.



m crospheres per 600 1. 25 9. A conposition according to claim 7 containing
fromsubstantially 60 to 70 Kg of m crospheres per 600 1. 10. A nethod of
reduci ng wbezpgsyper ature within a building relative to ampC&EmU02/00695
tenperature, including the step of applying to the roof of the building a
coating 30 containing a solar reflective pignent and an effective quantity
of m crospheres. WD 02/098996 PCT/ AU02/ 09695 15 11. A building having a
roof substantially exposed to the sky, the roof having a surface coating
containing a solar reflective pignment and an effective quantity of
3‘92{:??32? es 11 ?nA%uiﬁi@Jm&g a8t bilanRARP sk dsaD 8 WRS kN th@kdof Biving a
surface coating containing a solar reflective pigment and an effective quantity of

microspheres.

5 12. A surface coating composition substantially as described herein.



