5 10 15 Inproved Low Titani um D oxi de Coatings This invention relates to
reduced energy content pignmented coating conpositions, 20 especially

pi gment edwparmts4®8 | ow t o nmedi um sheen, al so known as matrtepes1196d42 sheen
paints. In particular it relates to paints of pignent volune content from
78 to 88% and having sheen of |ess than 30% when neasured at 85. Light

col oured pignented paints usually contain high |evels of titanium dioxide,
Ti 02. 25 This is because such pastel shades are predom nantly white with a
smal | amount of non-white col our added. Titanium dioxide is the best source
of whigeness due to its high refractive index relative to typical binders
used i'n paints. Unfortunately, TiQ2 requires |l arge anounts of energy to
extract it fromthe ground and then purify. In fact, in known high pignent
vol ume content (PVC) paints of pastel/light colour, for 30 exanple matt
whites and matt |ight shades as herei nbel ow descri bed, the high Ti Q2
content (typically 10 to 20vol 9% used in order to achieve the desired

col our and opacity is the main contributor to the total energy content of
the paint. WD 2011/ 134908PCT/ EP2011/ 056492 By energy content, we nean the
energy required to extract, refine and manufacture the ingredients
conpr(ging the paint; and the energy required to manufacture the paint
itself. 5Since nost energy is generated by burning fossil fuel, high energy
content usually results in high carbon dioxide em ssions - hence the use of
the alternative neasure 'enbedded CO2' to indicate the energy content.

The adverse effect of such em ssions on the global environnment, especially
climate 10change, is generally accepted by nobst serious conmentators. Thus
there is a need to reduce the energy consuned in producing such paints. One
approach to this is to reduce the Ti Q2 content of the paint. However, this
si npl 49 reduces the opacity of the dried coating and, whilst each coat of
dried paint may well 15hﬂ¥10€§9ﬂ&5%ﬂ%€ CORtEN; gddltlonal coats will
be required in order to achieve opacity. Nnseq uenpg any benefit is |ost
or at |least, significantly dlnlnlshed O her approaches repl ace sonme or al
of the T|02mnth ext ender ments such as chal k. Whilst such extenders
requi re | &81§ 1@@@?@%@&%@%&@@%@6@ SNERY PRHENtAIMETES] FRLINE RRMPRNEANSY of r act ive

i ndexy$pf

such *Go THES B RAFRLS pePuy o] Wyrh SRR APEEI T AR b BEl 2
conpensat palﬁt@rlntﬁaﬁlduhnl mtaetiteam»pamtsm‘f pTgrﬁ&t roluenceconemd Epmiitsto 838 adided t o
the paint,  to achiev tﬁg C &;ect col our g opacity. However, this raises
the PVC fiiHe 66%9 ng @deWéHQQP@H?/ Pat air is trapped in the dried
paint film Wilst this increases the opacity, it also usually results in
poorer wet scrub resistance. 25 One possible way out of this dilemma is to
use caIcih@ﬁtGHQWEQQQMKmSﬁHEQHQDSGUEpamhmyﬁgn&VﬂsOfégwhm@dmkﬁbhfﬁh to the

b f act | c d | to b
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does not ﬁaﬁwh{te tdlogd Lkl Titmtun® BRKEY iSMeINRAS0aRd of Svhitbikss BRY toditdr ef err ed
30option. United States Patent US 4,277,385 discloses paint 003P05|t|ons

havi ng PV@gbé@hE@NeMEbaﬁﬂMSEW@aﬂuﬁﬂbﬂﬂﬁ@ﬂw@@HEM@@Sﬂﬁ@bﬁvwﬂévdf 2cracking in
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ext ender sin legsartiglapighehen lask mgntteﬂilf(BW)tpbmmfﬁasﬂemlgmrcaiong feol i d pol ymer
particles. However, no mnimse the TiQ2 content in

t hese3% or HHMIS BHE WHES ali‘%ﬁ‘gpthlgét %1@6%“4 %rhetﬂmhﬁl%d%%b@dy theoHekAiOand hi gh
CO2 em ssions, EP 0113435
descri bes‘5 an ég%g”%; ég%%&%%?jﬁsgeérlg fjdc%gg%lblhg%% gﬁ(;%l%égﬁ?& %(? IlVa(&?:llaf rom20 to
80% It temchess thomasecantoibwioes thotnslicsengy contgmerfitiedpanatsi cul at ed pol yner
beads and | arger opaque polymer particles having m crovoi ds- but no

pi gnments, to replace Ti Q2 whil st maintaining burnish/scrub resistance.
However, as pointed out in that application, pignented vesiculated 10

pol ymer beads thenselves contain TiQ2 and thus add considerably to the Ti Q2
content. This does little, if anything, to reduce the total energy content
of the paint. Pignented vesicul ated pol yner beads are pol yner particles
containing both and TiOQ2 microvoids. 15 Thus, there is a need for inproved
pai nt conpositions having reduced Ti 02 content and thus |ow energy content
whi | st al so havi ng good opacity and good wet scrub resistance. Accordingly,
there is provided an aqueous pignented coating conposition having a 20 PVC
of from78 to 88% conprising, based on the total volunme solids of the dry
coating unless otherwi se stated, a) opacifying pignment particles conprising
|) fron13 to 1096t|tan|un1d|OX|de i) fron10 to 2096of hoIIOM/ponnerlc



value of from 15 to 65ng KOH g of polynmer and wherein the polyner particles
are WO 2011/ 134908PCT/ EP2011/ 056492 derived from acrylic nononers and

opt i onal lwyofriti3egosconpri si ng styrene and/or its deri varPCraP20idpsavsper sant
havi ng a %eiﬁht aver age nol ecul ar wei ght of at Ieaﬁt 3%?0 D%Jtons. 5 e)
fugitive BYSTESELHY Yol SHEN et EIF FRMIEMESEREt 'SHNE 804 PABYBEUfon- f ugi ti ve
coal esci nge$ r&ﬁ&hscﬁhgﬁﬁﬁgﬁk&mhﬁﬁnﬂhﬁ@@ﬂ%g%ﬂhﬁﬁ&iﬁﬂﬁ&ﬁﬂ&xﬁ%tﬁé /9 to 85,
more preferably from80 to 10 85, even nore preferably from80 to 84 and
nmost prefigsedbly from81 to 83% Any difference between the actual PVC and
the sumof a) and b) is made up with other non-opacifying extender pignents
as defined hereinbelow. Preferably, the opacifying pignment particles are
whi te.5 15SiMoE fobt @leflyal bynerdtbe® b Paidoyfond! Mkl ARihtenbatdofileftuseampi st of Ti Q2
and hol | ow polyner particles. Even nore preferably, the opacifying pignment
parti cl estegdlissindighofarbungioyde gmisyiogp —heokfibe ysagf tg%ltwuvewmecm oride
process i r regd n this.i i it requires less energy to
nanufactu%gﬁgﬁ%%ﬁag t?%%%§%§%§3¥§§§§8@f edded CO2 to 20the coating. The
titaniumdioxide is preferably in the rutile formas anatase is a | ess
efficient %patterer and thus nore is requjred to achi eve the sane degree of
opaci ty. Jhepfesres effic) ot fish vmepians eptheglebal epyirenmepty GSPeHdNET WA from 3 to
8, CVAN MOffaPlielaicAltlctiRen By s Eeridl e ROR! PhAMMYSiL OME ko 8 still
nore preferabBly from5 to 7 and nost preferably from6 to 7vol % of the
conposi t i educeHbE kenevgp obnsoerei an pdefieg aldhypaspheri cal , particles, may al so be
used to provide white 30 opacity. Suitable such particles contain a void of
from30 to 50% by vol of the particle. Such particles are avail able as
aqueous dpapepprbaihsto YNER' to rbifick HIRARINA BNt BARAGMETMt. HoWRVGY Biis sitap&/ _
conposition preferably contains |ess than 10% by vol ume of such pol ymeric
hol | ow sptednessiibg epacisy ghthatdsicd soatingeantdhedils oachr ¢aatioedrsddgniiftinesarwély to t he
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drying. MyRitpresmeqhily, dnyeeaemmoRist bran 1dast, bipaicahtlSdiedinkiRdd. Odeol yneric
particles. Sinilarly, calcined clay, a mhit%@Pignent may be used as a
partial r&prescaaeisplapesorsapim! ofsody@rwith pxferder Rignpngdivek poshadk. cal ci ned
clay is i I i i .~ D i m anount of
cal ci ned gﬁggf%éggggﬁw%ﬁgﬁpgéﬁﬁfg%?%ﬁﬂﬁﬁgﬂ?éﬁg%%§§¥w§%$gﬁggﬁﬁ%§¥§.of t he
ener gy sawifagsvd iaddeofisade cxtbndess Brvefyeslo @do tiabintdre ueat ipagt.cAsquok) tion i s
free of calcined clay.. Nevertheless, preferably, up to _30vol % of cal ci ned
clay Tty Beydeaat scatirdicht &t welast ' Armis O’E‘{?r Ok sAe fordls regreder abl y

107 1 om 104 Gurk 8 943 mbhARRAE Y Hotbat S OPLiNI B achRAheRbRed SO
preferably avoi ded. course, coloured opacifying pignents of different
hue may atdourbedagdaty. Howeher, duhposs thedeC Girtlieheevpntaslénto thewenttitbat, in

addition t.0.the othe aci f.yi j.gment. particles, to produce pastel/light
Col our s a8 EEaSbEdn ARGH BeibehinuY B s Percrmr BRercdy Bl SheSuliet fyi ng
ext ender Rty ia!pBSrck SvelB@M rdsRBmeani ¢ particles that have a refractive
index the sane as or simlar to that of the polynmer binder. Since the

opaci3ying strength of a particulate material is a consequence of the
differenc§nin rlﬁragtivﬁﬂ% g2¢>8&whhﬁ)qp%ekhglCﬁpqlaﬁehQFQk)q}ithhichit
is disper SaPawR ??%yﬁbpar P emg1e 0 Shch ef?enéé s are %eé%#ﬁ%d?

essent i al ind i3sespdarrigRacil td BeScrubessigage. Bowbwar IamPadtinte ofikelciogd thge
Coatings - theory and practice edited by R Lanmbourne and published by John
W | ey andregsiies clanigtbejhgatgdito 4 90% gytherplyt CangepingdaigsemoOynts of BRRI8Y+ o opaci ty
at all bu : i i I i i Ti 02. 25
Bt onder sc 5P B prehodRIGR bl Reh! Rl 3 BHR) hnd BARTRER pROAE o ow
hue t30 t hept@mat i ng. Sui tabl e exanpl es of non-opaci fying extender particles
i ncl ude cal ci um magnesi um car bonat e, cal ci um carbonate, nepheline syenite,
kaolin, talc, silica, diatonmaceous 30silica, mca and cal ci um sul phate.
Pref er abl ynirl16:aRPuRRACS UATIBSXARRAE! p AR dohfBoStiot Raviil FOLalnfegm ¢ he
group consi sting of cal cium magnesi um car bonate, cal ci um carbonat e,

nephel ene75symh81% aad furltaotcdaches Phat teaahd gracking imbigh dPAE pdiyi flgnsesticender
particles.are, sel ect fromthe |ist. consisti.ng. of ci.um magngsi um

Par bonat oforRaleERn SRy b T bl MphEInie Sy R B iratslaBt P TRTaR ror e
preferably they are WO 2011/ 134908PCT/ EP2011/ 056492 sel ected fromthe group
consi sting of cal ci um magnesi um car bonate, cal ci um carbonate and kaol i n.
The m neral known as dolomte is a confivenient and cost effective source of
cal cium 5 nagnesi um carbonate, CaMy(CO3)2. Dolonmite is a preferred source
of cal ci um magnesi um carbonate for use in the present invention. It is
avai l abl e in powder formof differing nmean particle sizes. Sui table forns
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WO 2011/ 134908PCT/ EP2011/ 056492 The bi nder conprises an aqueous di spersion
of polymer binder particles, often referred to as |atex. Mre preferably,
such di spEozrans4@se nade using emrul si on pol yneri sat i on POEtErO@I/0SEPDr

simplicity, the word.' polymer' in this specificatiop,is used to cover
momopol yrteidi SR ied B ba st ShgoruB P EeO HREHERT DIk 5. The
pol ymer caBREl&! MPattdheht i RAEE toRAmih &L R Ti®, RsRERNAMN: frffukiBAgaREr Yl ic
pol ymer or a pure acrylic. 10 By pure acrylic is neant that the polymer is

derived othuy tHerppablemrod highsensedyerontsat fnrdolvgh K& estissiansafe aefragilicgsedci d and
met hacrylic acid and the acids thensel ves. By styrene-acrylic is meant
that sone styrene and/or its copol ynerisable derivatives 15are

copol ygrer Eg@@cdnPdiéiR apelicaties EPOUIl 8433 ®esoits af bayfiine peiar hauaid da8eddncl ude
a-nmet hyl styrene and vinyl toluene. More preferred are styrene-acrylic
pol ymer paiQuicentest 4P VEem g0l e It tsaches iosuscanBiNes MPBIHEgY t o produce

t hem conmpay I e . ol ymer

bi nder inggﬁ%n%géégﬁga?%§8ﬁ'f%h%%§agg%Fggg&?g%%$§?§%g%%?&%ﬁ?ﬁﬁmgcryIate and
a copol ynmidreadil® bacha pigveats, forreplacablQs, while naopahingbuimsiidceutaci d i s
acrylic acid and/or methacrylic acid. . Preferably the binder |evel of

t he coat i Ffgisteacs. Haweses, gs peiied oyt i thptepalicaion. Bigmsnted vosigatefrost pref erabl y
fromf to cﬁé%éﬁ@éaﬁ%f%ﬁ@lv@@cd{ﬂiﬂ TR0 SRl tHSs ad%%ohﬁ@&%bl?ciﬁ Yild FiOTRBQBRT S

i ncl ude a? | esters of acrylic or nmethacrylic acid Such as met hyl

met hacr y| &hie doet lityle, ifretstbiogytoatdice s tptal metrppcontbrtod thegtamtl acryl ate, butyl
acryl ate,  hex acrylate, n-octyl acrylate, |auryl thacryl ate..

3 et hyl heRelsHaEhd R ae Bra oty M P abbruBel culfprcet ShLio:

met hacr yl gi&eovdigobut yl nethacryl ate, isobornyl nethacrylate the

hydr oxyal kyl esters of the sane acids such as 2-hydroxyethyl acryl ate,

2- hydroxyet hyl methacryl ate, and 2-hydroxypropyl nethacrylate. The acid
val ue, of e pol yner i referably. from15.t0,60. nosre erably from 15
Vo 561 e LB B o kT s iSPRAaTplial {GMARichS nioe FRbErEF LG R m 1871 0
30y KOH ghdaais e criRedyyddatent B@il@tvuwhaaﬁigngdéalop@cig# anli%®gd b gupol yner
produces dried paint 5 of poorer wet scrub resistance, whilst above 65 ng
KOH g pol igséfangéends to degrade the wet scrub resistance of the dried paint.
The acid value is varied by copolynerising acid functional nononers into

t he polyner conprising the particles. Suitable such nononers include

acryl i c aAcehrdib@lyetheecis providaicinchqaoelismagraetedicoating compssitomiydiingle .

Pr ef er abl the acid used is acrylic acid. Polynmers of n particle size
no more t RYA qra}.f@nt ?gf%§%’2ﬁP@P€§19%&% G (4R v oane a9 1o By ng toget her
the partigihiahb encOHABSAIStabd,t he conposition. 15 Preferably the nunmber
average nean particle size of the polyner particles is fromO0.05 to 0.30
pm nore prapheifdbg pignreotp@1iOigs tomprisig [t m and nost preferably from0.08 to
0.14 m Th?QPu?Ee (ﬁqfens &P t?e di aneter of the particles. The snaller
particle QiPH; OigéfﬁyF@H 48'%% results in inproved scrub resistance,
which is pafém@Ub0bYoRAR IRy A&C prtitlBe hi gh PVC of the present
invention. The glass transition tenperature, Tg, of the pol yner binder can
be adiusted by the choice of nononers and the relative anmounts of each
conprisin he palyner. Preferably., Tg is from26 to 70C, nore preferably
from 26 t@@aﬁgl\félﬁ %trelédef@%gr{%g ecrb%)?'f/m romz26 to 45C and nost preferably
from 27 t9 c3kfum Magndshen ambosanael/ef doubt, any reference to Tg in this
specification is to cal cul ated Fox Tg unl ess otherw se stated. 30 Wen

hi gher Tgilbtl§wBrCcarbonatcd8é@ nore coal esci ng and/ or plasticizi ng sol vents
are requi g : erent coating filmto format normal room

t enper at u{lgqﬁ&ggg?%??ﬁg?%g 20 to 25C. Lower Tg polyners are preferred as
t hese3canivl) khetinf orm ef fectively with reduced | evel s of solvents thereby
keeping both the volatile aor jc content qf the paint and the energy

cont ent 0W£Wﬁ€“559ﬁ98?65§‘ﬁvg% : ndlj?@ﬂ@ﬁgoo?spersants general |y conpri se
a hydrophilic portion and a hydrophobic portion and, depending on the
nature of the dispersing nmedium and the pignment surface, one portion wll
have a gr@gtodymeftinder pyrtictes of hd cyhtgidiok Tgwnfflimoe2amd7q%kehayitgem Hidorti on for

t he di i di t abl e .di ' f pi t di d
it he moHTEARR"HS B cma e o Pefia™ 5B SHE R DB AT OR ERT Eper sant 1 <

required to disperse and stabilise the non-pol yneric opacifying pignents

(i ncluding any col our pignents) and ngn-opaci fying 10 extender particles.
The wei ght average nol ecul ar wei ght of the di spersant nust be at | east 3500
Dal tons, preferably 4000, nore preferably 5000 and nost preferably 6000

Dal tons. The upper limt of the weight average nol ecul ar weight is
preferably 50000 Daltons, nore preferably 40000, even nore preferably
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10 1/ Tg=Vp/ Tgp+aVs/ Tg, equation 1 where Tgp and Tgs is the glass transition
tenperature of the polyner and the solvent respectively 15Tg is the gl ass
transiti onotzenpBs@sur e of the plasticised system Vp andPUs/ERe@1iob@9yol une
fractions,of the polynmer and the sol.vent respectively a is a factor
hccount | iSTEH OB B BRGUge AT ALY ST ePrPES kel R R eured o
be 1 for gdRapusgposes of this invention. 20Suitable fugitive coal escing

sol vents include Lusol vanTM FBH (di -i sobutyl ester of a m xture of

di carboxylic acids), LusolvanTM PP (di-isobutyl ester of a m xture of

di car boxyly ¢ acid . Loxanol Tm EFC 300 .(|.i near i st.er, uty Carbitol Tm
suty - ool PSS ing SRR g R RIS RN BERYY Sovanol T
PPh ( opyl ene glycol phenyl ether), Dowanol TPnB (tri propyl ene glycol
n-butyl ether), 25 TnDowanol DPnB, DBE 9TM (a m xture of refined dinethyl
gl ut er at eS)dHEYF fRAlespings9b€nhat e), East nan DBTM sol vent, Eastnman EBTM

(et hyl ene : r I 0] T .

(2,2, 4-tr‘|)vgr%rt%ﬁ§[g}? %-%ﬁté% n SHE H%%oﬂgﬂégéu‘i‘{%eg‘f“e? Solgeli o TM FX 511, Vel at eTM
262, Arcosol veTM DPNB, Arcosol veTM TPnB and benzyl al cohol 30A list of

solvents and their glass transition tenperatures can pe found in the
article 'ﬁ&’??%b@}’iﬂ@oplﬂﬁﬁmo@é?m? §ONENt Ay FOMARLP St MBIF mv@msr %PmaSaQ&OTD Kl ots,

presepny edSQ%vérbﬁlo?e?%@feﬁHl‘#%m% 2" P9 8nosth R ifben 8N {ﬁ)ﬂ@%ycoat i ngs
Synposi um e NSAT, HASE, ASST and HEUR type thickeners are
pr ef er r eddiffesance hegtweeh thelagBiatP'20tapdels: suhhef Hemdfd) issmade urheith othent i on ar e

advant ageousl hi eved i n.col oure oating .c ositions normally requiring
hi gh | eve]il(gl'?)é/ac%g'ﬁl CXERAF RgNGRf &s g?fgleﬁh‘@reg‘}bé’%”pand lightly col oured
coatings, often referred to as pastel or light colours, and of course, the
25whites. These, and all colours, can be defined using the well known Y,

C*, h* syBreéreblythe hpacsiysieepigmaniypatillesare wdicbe represented by 30i.its hue,
depic%gd by h* ii. its chroma, Cv, iii. its light reflectance value, Y WO
2011/ 1T34908PCT/ EP2011/ 056492 These terns are defined scientifically by the
Commi ssi oNokepRfdraly.ahebpaciyide ;E%rhéﬂtrpagﬁle(s@bﬁéist[cﬁfm'z i iRs1at pdpabr Li ghti ng
Vocabul ary', 4th Edition, published EC CIE 017.4- 1987. |SBN 978 3 900734
07 7]. Ssrotiglpe By ragrﬁ@éetglfabbfmghemmﬁfyln&mgme@f prEpleecensist 0hTiGyg col our in
thi s specjfii,cah i d E . . S
othermﬁse&gygﬁgkgggﬂ%eggygﬁﬁgggﬁgg%b 1%%%5%?%%%hﬂﬂgﬁggﬁgﬁ@*ng éﬁéed,

yel | ow, gisereqaires lobsumergdyttoinsandéetuat end thys i daogllessreattgddigl €Opta O t o 360
where_the angl e defines the position of 10the hue in col our space, where
red, 3&I 18§ OYen and blue are at angles of 0, 90, 180 and 270
respectively. Angles between these 'cardinal points' indicate internediate
colours eg a hue angle of 45 is a reddish yellow (orange) colour. Chronma is
a nmeasur eTh{ titeolupudiokidt enwicfeyably e thh eutds fant astapataké sh lets dfcientt her a
pastel / 15l jght cplour or.a strqn ol o or _sonet hi i.n between. Chroma
Pan ¢ ake Vale g B Bofts Tebiiaf iRt Hhy S G Dt cat | ng st ronger
col ours. Colours having a chroma value of 0 are 'neutral' greys lying on an
axis fromblack to white. The light reflectance value is a neasure of

t he p&Y cePreéatably gt i€k somprisdsd tedh oere preleratdn fiiony3 for dreven meral00, with 0
representjn l,ack 00, whi.te.Fi,gu i mpl-i fq,e

b esent TP SRORRS R S MO e biiBirps BGHI ol PRERST BB 0 space at
about t he7 ahdimoe prtfeaiblyt fieml6 @Mtvolle b eRtcdnpesiviah.ue, Y, range. The Y axis
runs fromO to 100. Red, yellow, green and blue are shown in their
appropriate 25positions on the hue, circle. The C* axis runs from zero at

the origi -t i I : sl ices of
hue are agggg\fétg g’ﬁn ecbgggegﬁﬁ' %&e llceé ﬁﬁerpagg’gm %gérlib:tr)é)%sg 8%?1;6%%% %l%t h the

dar k #nd opeeitli §hitabdnsichfpattivéesYostal £yoitl loé frool 2tosS0&6 by belss thait ense, and
thus chroma .is inevitably low. For this reason, col pur space is often

depi ct ed %ﬂ%}es%wﬁrpéﬁw Staﬁ%ﬁ\@aﬁlaglﬁ 9 AEIRUT FISPESIRBY endeh o FELIEE oy i nder in
shape. 30R&{_§alq'ﬁgfﬁ.hﬁo@'egerf,‘%%h@esitiwﬁr&‘&ﬁbﬂy%nﬂahﬁ hiss @RInOMPE Py CORMRSI ti ons
whi ch benefit nost fromthe present invention, can be |dent|¥| ed as those
col ours, ¢ohwklidbhygewhihpbew splatre sfhyte pgnidngs Heshiisswhaygcontriliuge significaibr e m and
Cecritical
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37.696 16‘[00 tgé éﬁgd Sa7iht31%rln t%zlgwg)ﬁg?)(}rgin%g 0?66 pr%?e?abqy,%ﬁg célr101p085?t90n1i2 %‘ee of

such hollow polymeric particles.

Similarly, calcined clay, a white pigment may be used as a partial replacement for

5 TiO,. However, since the production of calcined clay is itself energy intensive, care
must be taken to limit the amount of calcined clay used in the formulation. To take
maximum advantage of the energy savings to be made it is preferred that the coating
composition is free of calcined clay. Nevertheless, preferably, up to 30vol% of
calcined clay may be used, more preferably from 5 to 20vol% and most preferably

10 from 10 to 15vol%. Pigmented vesiculated polymer beads are also preferably avoided.

Of course, coloured opacifying pigments of different hue may also be added to the
compositions of the present invention, in addition to the other opacifying pigment
particles to produce pastel/light colours as discussed in greater detail hereinbelow.
15
By non-opacifying extender particles is meant inorganic particles that have a
refractive index the same as or similar to that of the polymer binder. Since the
opacifying strength of a particulate material is a consequence of the difference in
refractive index of the material and the medium in which it is dispersed and its
20  particle size, such extenders are regarded essentially as non-opacifiers, see page 35 to
37, Paint and Surface Coatings - theory and practice edited by R.Lambourne and
published by John Wiley and Sons. That is not to say that they do not contribute to

opacity at all but rather that any contribution is small in comparison to TiO;.

25  Extenders are usually not pure white and can provide some grey or yellow hue to the

coating.

Suitable examples of non-opacifying extender particles include calcium magnesium
carbonate, calcium carbonate, nepheline syenite, kaolin, talc, silica, diatomaceous
30  silica, mica and calcium sulphate. Preferably, the non-opacifying extender particles
are selected from the group consisting of calcium magnesium carbonate, calcium
carbonate, nephelene syenite and kaolin. Preferably, the non-opacifying extender
particles are selected from the list consisting of calcium magnesium carbonate,

calcium carbonate, nephelene syenite and kaolin. Even more preferably they are



0.190 39.350 200 0.101 38.000 210 0.060 38.000 220 0.021 38.333 230 -0.007
40. 000 240 -0.041 40.314 250 -0.083 38.600 260 -0.125 36.886 270 -0.167
35. 171 2880-2011182084. 640 290 -0.131 34. 240 300 -0.079 32C000r2@1105639D16
34.000 320.0. ]al 34. 000 330 0.207 341. 000 340 0.235 34,471 350 0.161

selected from the group consisting of calcium magnesium carbonate, calcium

carbonate and kaolin.

The mineral known as dolomite is a convenient and cost effective source of calcium
5 magnesium carbonate, CaMg(COs3),. Dolomite is a preferred source of calcium
magnesium carbonate for use in the present invention. It is available in powder form

of differing mean particle sizes.

Suitable forms of calcium carbonate include calcite including precipitated calcite.
10 Socal P3 is an example of suitable precipitated calcium carbonate, in the form of

calcite. A suitable ground calcium carbonate is Omyacoat 850 OG.
Nepheline syenite can be used to partly or wholly replace the calcium carbonate

15 Kaolin, ALS1,0s(OH)s, is a type of clay. Adding kaolin above 20vol% to the
composition (calculated on the dry coating) results in poor wet scrub resistance.
Furthermore, at such high levels of kaolin, the coating viscosity is too high to allow
easy application using conventional application techniques-such as rollers or brushes-
and allow the paint to flow to produce an acceptably smooth finish. Advantageously,

20  the amount of kaolin should be from 0.5 to 20, more preferably from 5 to 15 and most
preferably from 6 to 12vol%.

Preferably, the non-opacifying extender particles comprise from 60 to 75, more

preferably from 65 to 75 and most preferably from 66 to 73vol% of the dry coating.

25
Advantageously, from 20 to 50% of the total volume solids of the dry coating should
comprise extender particles having mean particle size dso of <2 microns. This ensures
that the TiO, particles are sufficiently spaced apart so that scattering is efficient and
therefore opacity optimised.

30

The particle sizes of the extenders are quoted as d50 diameters. This means that 50%

of the particles by volume are below this diameter.




35.647 360 0.098 39.063 Above the Ccritical value the colour intensity is
too high to be perceived as a pastel colour. 5 The val ues of m and

Ccriti calwatoimi3erosedi at e hue angl es can be cal cul at ed P¢TIEP2@AN056492

i nterpol at,j on. The table enables th al cul.ati on of C_.and Y for any
o ven' hue Tt G FOTIPRECH 1E0 T DGRy L RACRE! T R AT o expl o111y
identi i eghferfedabiadscNaMbRGreRFBIR sull dibRESod RO nRABOUSing cANfich Y val ue nore
than 95 are perceived by the hunen eye as white. 15 The values of C*, Y and
h* of anyp@pmeusatipnyndleodsal cul ated fromthe spectral reflectance curve of

t he col our, nmeasured using a spectrophotoneter in accordance with the

manuf acturers instructions. A suitable spectrophotoneter is the Datacol or
Spect raf | BatsiBFli@E0 the Wd 20dIdMB 49 RPGHLFRAAIA{ABEA2REef erabl y, the dried
coating conpositions of the i1nvention satisfy equations 1 and 2. Mre

pr ef er abl homenpdyraerss aad eenalyhers cOMPHSINE THA 8T MAEMANYRRIOEANMEss than 5 and a
Y val ue greater than 85. 5Preferably, the gloss value of the dried coating
is less than 30% when neasured at 85, nore preferably |less than 20% even
nmor e pr ef Eh@apdlymkesanprivaiy thoHind¢epartivleeispiretribabd styteasacityhiapobcane nost
preferably from % to 8% The coating conposition may al so contain ot her

i ngredi ent BYCR&EY8re standard for 10coatings such as waxes, rheol ogi cal

modi fjgers, surfactants, anti-foanms, tackifiers, plasticisers, crosslinking
agents, flow aids, biocides and clays. In a further aspect of the invention
there i s Byouiededylr isretchtdhdfthe palymagisaleriaed ordy éroor mehomers selecthdvi ng a

surface w.th C osition as defiped i.n any e of  the precedi ng 15cl ai ns
el udi nglivHaRs SIS operkfinnd maf eREalE «gent i ARt hocoat i ng by
brush, roller, pad or spray; allowing or causing the |ayer to dry and/or

harden. In a still further aspect of the invention there is provided an
articl e oBystyranstagrdichavicagf thatsomkatacisoadad itwicopolamensabisdarivevess def i ned

according to the pr.esent, i nyentian. .20 The. invention w.l|l now b

sl aters 2abI e R s PR SO S0 B A it i er e used
i n preparitpgné bed exanphese. 25 Ti oxi deTm TR92 is a Rutile formof TiQ2
(density of 4.05g/cnB) available from Huntsnman Ti oxi de Europe Ltd,

Hart| epool, O eveland, United Kingdom M crodol TM H200 and H600 are both
dol om tes [ / ayal House,
Dor by, OnPEAPRI s de Ay REGGTH oBeRpEElE AT TR b BR 21
(density eof en2rgfQg/peoRice dreth ¢cam@avad foabt purdAcfyliosraiBbhustyprefadlynbder g, Ger many.
Chi na, Gl ay Suprenme-kaolin (density 2.60g/cnB) is avajlaple from|nerys.
Ropaq%peTl\P@VW]éblng?rsm AheqgosenbiRygfonds éiﬁ‘éYeéii%F‘étfyr%I WY perlisende spheri cal
parti ¢l escffignsiduoiehch). SRICAERRIIANG. bepoRiillabk acidiom-abmignda bhas,

Phi | adel phira,” USA. WD 2011/ 134908PCT/ EP2011/ 056492 Steabright TMis a talc
(density wkthacrgghcd8) available from R o Tinto PLC, London, United Ki ngdom
Texanol Tmis an ester al cohol coal escent avail able from East man Chemi cal
Conmpany, Tennessee, USA. 5TegMerTm 804 is a tetra ethylene glycol ester
avai | abl epfcromiiiald sihddr levbROf theWbating iV @O SiR H0az@erePHéfeRLAOZR 15Ni cago,
I'llinois 60606, USA. OrotanTM 731 A'is a pignment dispersing agent (25wt %
non- va&l ; duhspstyratrahbyriren® 4 5% eplatryd e olbaisiselids om Rohm & Haas

Phi | adel phi a, USA. Di sponi | TM A1580 is a surfactant (80wt % non-vol;
density of non-vol is 1.00 g/cnB) 10 and is available from Cognis

Deut schl and GrbH & Co. KG PO Box 130164, Germany. Dispex N4O is a

di sper sanbuitabkd dcaydiceménamerirsdudeilgp ebtaisrof kerghc 82 Bicihgcrylidetidamer a 60wt %

non-vol ; density,of n-yol i 1. [.cm, 3 nd .is il abl.e fram Bl ackburn
Crert oni SER! bbadir et Bt el Al RS R B R BT & aceom
Bl anoseTMcrMa] hex§Tacr§hid nt stbiy¥atd,. 19291 @BBiciy Bt vadthydldxg1 f rom Her cul es
GtbH, Dussel dorf, Gerlrg}any.ndieﬂl\latliyga}sol P?us 33C1ﬂyi s a c_e}?l ﬁosi c thickener
avai | ¥bl emetheerylase aamdsicpdafaidery] apptate ibgezybprtipeotate, iprtoéylde is avail abl e

from Thor " / i i | and.
nquat 1| oK IEs e R B B e Bl A R B bfey
avai | abl ead2-aydrbeyshyesryGird 2 -hydisselidd hiethacarlamnd 2Chy diekypr@yyl Supr ene
(density is 2.60g/cnB) is available fromlnerys. Latex 1 is a

st yr ene/ bBEPRCHES| at e/ met hacryl i ¢ aci d copol ymer of Tg 10C and Acid 25
val ue 23.5ng KOH g pol ynmer and 50wt % sol ids content. Latex 2 is a
styrene/butyl acrylate/acrylic acid copolymer of Tg 50C and Acid Val ue
37.4ng KOH g pol ynmer and 50wt % sol i ds Lontent . Latex 3 is a styrene/butyl
acrylate/acrylic acid copolynmer of Tg '30C and Acid Val ue 23.5ng KOH g
pol ymer and 50wt % sol ids content. 30 Test Procedures The follow ng test
met hods were used in evaluating the exanpl es: Ml ecul ar Wi ght of

Di sper sant



WO 2011/ 134908PCT/ EP2011/ 056492 Aqueous GPC was used set up was used to
measur e nol ecul ar wei ght. The equi pnent and condi ti ons used were; Col ums:
2 X 30cmwWEKoGMBY¥E GPC col utms from Tosoh El uent: ©CIMP3udiosdwNi tr at e,
0. 01M Sodi um Phosphate with pH adjusted to 7.5 using 5 0.1M NaCH Fl ow rate:
1.0 M/mn Detector; Waters 410 differential refractive index detector.

Sof t war e; TNéi&d $allk bl 8RHoWMB32s ¥ fd@ab1P From 15 to 141 nloRShicFBIl, fvas1 Rl | brat ed
wi th Dextran standards covering the range 342 - 10401000 g/ nol. Sanpl es

wer e pr epat.escbioti praferatdy om p torftS1eamdmhast preferhlls tonahel tof 3dme KOst hr ough a
0.45 m cron PVDE, menbrane. Injectio | u s 400[ L1 15(paci,ty. (Contrast
Rat o) e Ry PobE BT R e R o b B B R R Wl o 9006 1
consi der egif poe@Rialé@b rdditarte ashil g dberass ty KGH Yol yrhéraaddsitd dedrade
relationship to how t he eye perceives opacity. Thus, small differences in
neasur ed Badt s§rub Fesisisn optherdrisd @9idt-as nuch | arger 20di fferences. d oss

G oss was neasured in accordance with BS EN | SO 2813, BS 3900-D5. Wet Scrub
Resi stance 25 Scrub resistance of the dried filmwas neasured in

accor danc&hsadid vBEe ENaliSObY tOREymstisigg 200 fuecibesd médomdrhiatonddi f i cati on t hat
the | oss s recorded as ng/cpR. A loss of |ess than 6ng/cn2 renoval is
accept abl ﬁﬁympbwr@fég}g @%@chy&s@%ﬂprﬁ@dhwﬁoglﬁ@aﬁv@%wm%ﬁlqhs measur ed at
25C Ufj N9n@thablic gﬂg%n@mdé?& 2Lig oY 1tS SANRHAE. Hraiaint AR Eachd es!@u%&gﬁ&h .
Equi prrent London Ltd, London, TW2 5NX) operating at 10, 000s-1. Rot ot hi nner
vi scosi t yadi®®ai nt) WO 2011/ 134908PCT/ EP2011/ 056492 The nedi um shear

viscosity is nmeasured at 25C using a Rotothinner visconeter (available from
Sheen Instrunents Ltd, Kingston-upon-Thanes, Surrey, UK) fitted with a

st andar d ﬁblgﬁlefscﬁf%eah%ﬁldl@ﬂz@ﬁo ARRUha® 03 B e 8 a@ﬂféwﬁé ®kr 40 @ shear
rate of ca 250 s-1. 5 Particle Size of Extenders The particle size of the
ext ender sbindngriegethor st pastiiewpte covnperants ofdhe ¢amprsdiondance with 1 SO 13323

part and 2. 10 Exanples The invention will now be illustrated by the

foll ow ng exanpl es. Nunbered exanples are of the invention and conparative

exanpl es Piegerilgl eicaneest whérhod @tdepaticlt Bizabk tHeg8imdriRrtifldif aomul ati on
refers to the |I(C)|Uid paint and the vol%to the dried coating. 15 The

f ol | owi ng0-RethBd0 was mese arafgablyifeon RE7salddgum andmest neefewblMromPLfe st age

Using a 5.l i i v exanol ,
O ot an ortog'gég?@g%hlﬁgg%gﬁeﬁ t8i'l(1:et (lﬁgﬁ‘ig{eer 8%%9%3#{&??@6:%%%% p%%l%%i spel air.

Pl ace vessed isipneferredhgin rSpeenh ibipsper setubfredistacteywivhich as gaticitladt h bl ade. Stir
at sl ow speed so that. po_spl ﬁhi ng i s observed. Add M crodol H200 and H600,
Socal 23, Inerizat @t%@hlsEBrVé?@fit SPEAFHIGITARd Ti oxi de TRO2, run for 2

m nutes at slow speed then add Bl anose or Natrosol thickener. Over 5m nutes
slowy increase the speed as the paint thickens. Unit should 25 be running
at appr oxThaglesstras@ontepperatufa dgeoitthe golymey bindardan bewdjusicdbyube spl ashi ng.
Stir for f.urther 30m nutes. . Stop uni | . way through o ensure no

i grrent QO dRonogne} AU i SFertiblebe Syop He RS BE AL PR n ani¢ back
on to hi gpresR@d, T@fstRim 36 tVovet &Rrd %@%@ol&&oﬁi%&%@?eve%@&g the state of
di spersion of the mllbase for bits by brushing out on a card. If

acceptiabl prefarahun froof 2Ghiot e, Cand maat prefcadylp fro o' €or a further 2m nutes
and then switch off the stirrer. The total amount of water showed in the
exanple fornulation was in the ratio of: water (1) : water (2) : water (3)
=45.5 : 3Pordh¢ avsidahcPaif dbuts! @agacidfn?dolTd 3ARSPEdifiER#M Ll td&bAdRcd 0ad Lat ex
1 into a suitably sized vessel and place under a stirrer fitted with a
paddl e bl BereTg unicpethespseciEcdt he rest of the Dispelair, the MIIbase
prepared above, Water (3) and Aquaflow. Adjust the stirrer speed as the
volune in the vessel increases, being careful 5to avoid splashing. Stir for
a furither Whisn inighat €g palynlcosars peel] nicap prabdescm@@nd/op phapticididg kxlaombess 1 and A

Exanples 1 and A are essentially identical other than the Tg of. the pol yner
bi nder pafPELE qppleg o erewﬂﬁ%g i Formeat PR OUR BRGNS U ng a

| at ex Cogrﬂrrpc%liﬁﬁ_te DHER2Pe! VIRE: ﬁép&?&%@s@r@ﬁrg@é&ﬁ% thdI€ MPHilnS ErHPS t est

wher eas arative exanple A usinhg polynmer binder particles of Tg 10C,

fails thectfgstivelywibsretlecssd. levels of solvents thereby keeping both the volatile organic

content of the paint and the energy content of the paint to a minimum.



WO 2011/ 134908PCT/ EP2011/ 056492 Exanple 1 Conparative Exanple A w % (wet
coating) vol % (dry coating) w (% of wet coating) vol % (dry coati ng)

Aquaf | ow WBIS0B0G49850 0. 34 0.50 0.34 Acticide CHR 0107 @C24APR010/054924 0. 07
Di sponi| A1580 0.50 1.62 0.50 1.62 Dispelair CF823 0.25 0.66 0.25 0.66

D spex N4O 0.20 0.23 0.50 1.33 Blanose 7M 31C 0.50 1.33 0.20 0.23 Texanol

2.00 0 2. PRnfnVikSorsad gdheflly comprise a hydrophilic portion and a hydrophobic
portion and, depending on the nature of the dispersing medium and the pigment
surface, one portion will have a greater affinity for the pigment surface and the other

5  portion for the dispersing medium. In this way a stable dispersion of pigment

dispersed in the medium can be produced.

In the present invention, the dispersant is required to disperse and stabilise the non-
polymeric opacifying pigments (including any colour pigments) and non-opacifying

10 extender particles. The weight average molecular weight of the dispersant must be at
least 3500 Daltons, preferably 4000, more preferably 5000 and most preferably 6000
Daltons. The upper limit of the weight average molecular weight is preferably 50000
Daltons, more preferably 40000, even more preferably 30000, still more preferably
20000 and most preferably 15000 Daltons. The most preferred average molecular

15  weight of the dispersant is from 3500 to 20000 Daltons.

Suitable dispersants for use in the present invention include Orotan™ 681, Orotan™
731, Orotan 2002, Dispex HDN (a hydrophobic sodium salt of an acrylic copolymer),
Dispex N40 (a sodium salt of an acrylic polymer). Each of these has molecular weight

20  greater than 3500 Daltons.

Pastel colours are usually produced by adding small amounts of various colour
pigments, in the form of a concentrated dispersion (also known as colorants or
tinters), to a white paint.

25
In order to achieve the desired scrub resistance it is important that the coalescing
solvent is fugitive, meaning that it must leave the paint film. Depending on the solvent
and the polymer composition of the binder, this may happen very quickly or may take
some days. For guidance, we have found that a coating such as example 1 of the

30  invention (2wt% Texanol on liquid paint) contains only 0.06wt% of Texanol in the
film after 24 hrs of drying under drying ambient conditions and only 0.01wt% after a
further six days.



35.31 0 Tioxide TR92 6.50 6.84 6.50 6.84 Socal P3 12.50 19.64 12.50 19.64
Steabright 8.50 12.97 8.50 12.97 China C ay Suprene 5.50 8.97 5.50 8.97
M cr odol weQ0118.35®813. 11 8.50 13. 11 M crodol H200 8.50 PRTEP2@8.1H866492. 88

opes (1), 4 g Byt e SR s DTS R0 1278
the polymer to from -10 to -80°C, more preferably to from -10 to -60°C, even more
preferably to from -10 to -40°C and most preferably to from -10 to -20°C. The
reduction is preferably achieved using up to 4wt%, even more preferably up to 3wt%,
5  yet more preferably up to 2wt%, still more preferably up to 1% and most preferably
up to 0.5wt% calculated on the liquid formulation.

The extent to which a coalescing solvent reduces the calculated Fox Tg of a particular
polymer may be calculated according to equation 1:
10
1/Tg=Vy/Tg,+aVy/Tgs equation 1

where Tg, and Tg; 1s the glass transition temperature of the polymer and the solvent
respectively
15  Tgis the glass transition temperature of the plasticised system
V, and V;are the volume fractions of the polymer and the solvent respectively
a is a factor accounting for small changes in plasticising efficiency and is assumed to

be 1 for the purposes of this invention.

20  Suitable fugitive coalescing solvents include Lusolvan™ FBH (di-isobutyl ester of a
mixture of dicarboxylic acids), Lusolvan™ PP (di-isobutyl ester of a mixture of
dicarboxylic acids) , Loxanol™ EFC 300 (linearic ester) , Buty Carbitol™, Butyl
Cellosolve, Dowanol™ EPh (ethylene glycol phenyl ether), Dowanol™ PPh
(propylene glycol phenyl ether), Dowanol TPnB (tripropylene glycol n-butyl ether),

25  ™Dowanol DPnB, DBE 9™ (a mixture of refined dimethyl gluterate and dimethyl
succinate), Eastman DB™ solvent, Eastman EB™ (ethylene glycol monbutyl ether),
Texanol™ (2,2 4-trimethyl-1,3-pentanediol monoisobutyrate), Dapro™ FX 511,
Velate™ 262, Arcosolve™ DPNB, Arcosolve™ TPnB and benzyl alcohol

30 A list of solvents and their glass transition temperatures can be found in the article
‘An Applied Approach to Film Formation’ by JW Taylor and TD Klots, presented at
the 29" Annual Waterborne, High Solids and Powder Coatings Symposium.

10



100. 00 Wet sScrubs weight loss (ng/cn2) 5 9 Density (kg/L) 1.49
1.49 PVC (%9 82.99 82.99 vol% solids 35.12 35.12 Sum non-opaci fying
particl eswQ2uf13drog vol) 67.56 67.56 The Tg of the pecCymeeoibioseder (Lat ex
2 of Tg 50C) in the presence of. the coal esci.ng sol vent i al cul ated using
cquat 1 on SOHS PFEUTRG §oth ELiob TR OE P PR s SRR on 1 The To
of Texanui', Ih31 —8a OT'ne vt UIIB_SibbclLLiUIIb are catrcurated ptased—om the pol yner
and the sofVenl a%oone. 10So for exanple 1 the total weight% of polyner is
3. 25 (bei MgkanoPtMf 6.5) and tlsd°Gol vent is 2.00. The specific gravity of
the polynmer and the solvent is 1. 08 and 0.95 respectively and the vol une
fraction PEOBHEIeFd e 0. 151 and 9. 849 respectively. So the Tg of the

pol y [ ol e of thegsdexanol is -23.0C. 15 Exanples 2 and B WO
2011/n?349 %ﬁPO%% Eégco%%?§056492 %?ege are essentially identical other than the
PVC. ConpBn@t carbiteXdapitge B, atl08°CPVC of 90.31%fails the wet scrubs test.

Exampl e 2 arative anple B wt9% (wet coatin vol % (.d
P Tl?l%ﬂ?ners are usedElﬁ co tgng cornposn{)o S to controf tlhe gf}scos?ty a?n rfle/ology

profile of the compositions. Suitable rheology modifiers for use in the present
invention include carboxymethyl cellulose types such as Blanose™ 731; hydroxyethyl

10 cellulose such as Natroso™] 250 and Tylose™ H grades; hydrophobically modified
hydroxyethyl cellulose such as Natrolsol™ Plus and Tylose™ HX grades; ethyl and
ethylmethyl hydroxyethyl cellulose such as Beromocoll™ EHM grades; non-ionic
synthetic associative thickener (NSAT’s) such as Acrysol™ RMS825, Acrysol™ SCT
275, Acrysol™ RM2020, Aquaflow™ NHS300, Coapur™ 830W, Rheolate™ 450,

15  Bermodol™ PUR grades; hydrophobically modified alkali swellable emulsion
(HASE) thickeners such as Acrysol™ TT935, Acrysol™ DR73, Ciba Rheovis™ and
Alkali swellable synthetic thickeners such as Acrysol™ ASE 60.

The NSAT, HASE, ASST and HEUR type thickeners are preferred over the cellulosic
20  types.

The benefits of the invention are advantageously achieved in coloured coating
compositions normally requiring high levels of TiO,. Such colours are the greys and
lightly coloured coatings, often referred to as pastel or light colours, and of course, the

25  whites.

These, and all colours, can be defined using the well known Y, C*, h* system. In the

system, any colour can be represented by

30 1. its hue, depicted by h*
1l its chroma, C*,
1il. its light reflectance value, Y

11



coating) wt (% of wet coating) vol % (dry coating) Aquafl ow NHS 300 1.50
1.01 1.50 1.11 Acticide CHR 0107 0.24 0.07 0.24 0.08 Disponil A1580 0.50
1.60 0.50w0.2¢08/Buwpel ai r CF823 0. 23 0. 60 0 23 0. 66 O ot anTAP204105692 0. 65
1.00 0.72 Ianose? C,0..50 45 Texanol 2.00 0,2.00 0 Water
33,53 0 3818 ORGSO RISMIGSHS & e GOREnpand TSgRagiongg de 1 Eelatage

(CIE) [see ‘International Lighting Vocabulary’, 4™ Edition, published IEC/CIE 017.4-
1987. ISBN 978 3 900734 07 7].

5  For the avoidance of any doubt, any reference to coating colour in this specification is

to the colour of the coating when dry, unless otherwise stated.

Hue is a measure of how close the colour is to red, yellow, green and blue. It is

depicted by hue angle ranging from 0 to 360° where the angle defines the position of
10 the hue in colour space, where red, yellow, green and blue are at angles of 0, 90, 180

and 270° respectively. Angles between these ‘cardinal points’ indicate intermediate

colours eg a hue angle of 45° is a reddish yellow (orange) colour.

Chroma is a measure of colour intensity, ic the extent to which it is either a pastel/
15  light colour or a strong colour or something in between. Chroma can take values from
0 to 100 with the higher numbers indicating stronger colours. Colours having a

chroma value of 0 are ‘neutral’ greys lying on an axis from black to white.

The light reflectance value is a measure of the perceived lightness of the colour,

20 ranging from 0 to 100, with 0 representing black and 100 white.

Figure 1 shows a simplified representation of the Y, C*, h* system. It shows a slice of
colour space at about the mid point of the light reflectance value, Y, range. The Y axis
runs from 0 to 100. Red, yellow, green and blue are shown in their appropriate

25  positions on the hue, circle. The C* axis runs from zero at the origin to 100 at the
perimeter. At each value of Y, further slices of hue are associated representing lighter
and darker colours. At both the dark and the light end of the Y scale, the colours are
less intense, and thus chroma is inevitably low. For this reason, colour space is often
depicted as a sphere, although in truth it is more an irregular cylinder in shape.

30
Using the CIE notation, the grey or light coloured compositions which benefit most
from the present invention, can be identified as those colours, including whites,

satisfying the following criteria;

12



12.50 19.43 12.5 21.37 Steabright 8.50 12.83 8.50 14.11 China C ay Suprene

5.50 8.88 5.50 9.76 M crodol

H600 8.50 12.97 8.50 14.26 M crodol H200 8. 50

12. 74 8. 59024110B4Repaque (Tm) Utra E 4.00 8.49 4.00 9. BCTIERR@N/02640Tg 50C)

6.50 12.63,1. 84 3.93 Tot al

Y >mC* + 35

100. Q0

equation 2

xR { 00. 00 100.00 100.00
wei ght | o5ss (mgien2) 2.4 1519"RnAsity (kg/ L)

where m and C.giical take the values in Table 1 below.

Table 1

Hue angle m Ceritical

h*
0 0.098 39.063
10 0.063 42.739
20 0.231 40.130
30 0.399 37.522
40 0.498 37.444
50 0.579 38.000
60 0.655 39.500
70 0.732 41.000
80 0.793 45.286
90 0.854 49.571
100 0.803 47.136
110 0.740 43.955
120 0.663 41.727
130 0.580 39.909
140 0.498 38.565
150 0.416 37.696
160 0.346 37.381
170 0.318 39.586
180 0.283 40.850
190 0.190 39.350
200 0.101 38.000
210 0.060 38.000
220 0.021 38.333
230 -0.007 40.000

13
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1.49 1.49 PVC (%

82.12 90.30 vol % solids
66.86 73.51 Exanples 3 and C

non-opaci fying particles (% of dry vol)

Exanpl e weanrdiiGcwpar ati ve exanple C are identi cal

35.55 32.27 Sum

excepPCrExRotiioss4¥yy of t he

arc at higher PVC|thanPand A 981 Efarie |3 Oqmparati ve Exanpl 6 G wt %
(wet coating) vol % (drypgcoat]ingp g4 (%o of3g\ coating) vol % (dry coating)
Aquaf |l ow NHS 300 1.50 0.92 1.50 1.06 Acticide CHR 0107 0.24 0.07 0.24 0.08
Di sponi| A1580 0.50 1.266 0. 50 10885 36.886
270 -0.167 35.171
280 -0.152 34.640
290 -0.131 34.240
300 -0.079 34.000
310 0.016 34.000
320 0.112 34.000
330 0.207 34.000
340 0.235 34.471
350 0.161 35.647
360 0.098 39.063
Above the Cgiical Value the colour intensity is too high to be perceived as a pastel
colour.
5
The values of m and Ceiical at intermediate hue angles can be calculated by linear
interpolation.
The table enables the calculation of C* and Y for any given hue and thus the whites,
10 grey or pastel/light shades are explicitly identified.
Coatings having chroma, C* less than about 5 and a Y value more than 95 are
perceived by the human eye as white.
15  The values of C*, Y and h* of any colour may be calculated from the spectral

reflectance curve of the colour, measured using a spectrophotometer in accordance

with the manufacturers instructions. A suitable spectrophotometer is the Datacolor

Spectraflash SF 600.
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Di spelair CF823 0.25 0.59 0.23 0.63 Ootan731 A 0 0.00 1.00 0.69 Di spex N4O
0.25 0.26 0 0O WD 2011/ 134908PCT/ EP2011/ 056492 Bl anose 7M 31C 0 0 0.50 1. 39
Nat r osol Wwbus11032%81. 28 0 0 Texanol 2.00 0 2.00 0 Wt er PCWHIPA®)/0264929 O
36.06 0 Tioxi TEQ%.? 50..7.14 6.50 7. Socal . P3 14,95 21.2 1& 5 20.44
St eabri gh re?eég b’t X gﬁ_d %qaglng compositions of the mvention safisty equations T and 2.

More preferably, the dried coating compositions have a chroma less than 5 and a Y

value greater than §5.

5  Preferably, the gloss value of the dried coating is less than 30%,when measured at
85°, more preferably less than 20%, even more preferably less than 10%, yet more

preferably less than 5% and most preferably from 2 to 8%.

The coating composition may also contain other ingredients that are standard for
10  coatings such as waxes, rheological modifiers, surfactants, anti-foams, tackifiers,

plasticisers, crosslinking agents, flow aids, biocides and clays.

In a further aspect of the invention there is provided a method of coating an article or
structure having a surface with a composition as defined in any one of the preceding
15  claims including the steps of applying at least one liquid layer of the coating by brush,

roller, pad or spray; allowing or causing the layer to dry and/or harden.

In a still further aspect of the invention there is provided an article or structure having
a surface coated with a composition as defined according to the present invention.
20

The invention will now be illustrated by the following examples.
The following ingredients were used in preparing the examples.

25  Tioxide™ TR92 is a Rutile form of TiO, (density of 4.05g/cm’) available from
Huntsman Tioxide Europe Ltd, Hartlepool, Cleveland, United Kingdom.
Microdol™ H200 and H600 are both dolomites (density of 2.85g/cm”) and are
available from Omya. Omya House, Derby, United Kingdom
Socal™ P3 is precipitated calcium carbonate (density of 2.70g/cm’) and is available
30  from Solvay, Rheinberg, Germany.
China Clay Supreme-kaolin (density 2.60g/cm’) is available from Imerys.
Ropaque™ Ultra E is a 30% non-vol dispersion of hollow polymeric spherical
particles (density of 0.591g/cm’) and is available from Rohm and Haas, Philadelphia,
USA.

15



13.50 China Clay Suprene 6.56 9.68 5.5 9.34 Mcrodol H600 O O 8.5 13.64
M crodol H200 20.01 27.42 8.5 13.40 Ropaque (Tm) Utra E 4.00 7.77 4.00
8.93 Tg Molatwems4gBatex 1) 0 0 3.97 8.11 Tg 30 Latex (LaCEE£P3)114564928.35 0

g. ;Ot ?6 é %@l?o{gghtty 16@3?1%28@%?%%9 gzgggnf) avai\fgt;[le ?rcozgnul%so "fqgtioql}fc ILoo?l 01$ Mg/ cne)
United Kingdom
Texanol™ is an ester alcohol coalescent available from Eastman Chemical Company,
Tennessee, USA.
5  TegMer™ 804 is a tetra ethylene glycol ester available from Hallstar, 120 South
Riverside Plaza, Suite 1620, Chicago, Illinois 60606, USA.
Orotan™ 731 A is a pigment dispersing agent (25wt% non-vol; density of non-vol is
1 g/em” available from Rohm & Haas Philadelphia, USA.
Disponil™ A1580 is a surfactant (80wt% non-vol; density of non-vol is 1.00 g/cm’)
10 and is available from Cognis Deutschland GmbH & Co. KG. PO Box 130164,
Germany.
Dispex N40 is a dispersant available from Ciba.
Dispelair™ CF 823 is a defoamer (60wt% non-vol; density of non-vol is 1.00g/cm™)
and is available from Blackburn Chemicals Ltd, Whitebirk Industrial Estate,
15  Blackburn, United Kingdom.
Blanose™ 7M 31C SCS 9554 (density 1.59g/cm’) is available from Hercules GmbH,
Dusseldorf, Germany.
Natrosol Plus 331 is a cellulosic thickener available from Hercules Aqualon.
Acticide CHR 0107 a biocide is available from Thor at Wincham Avenue, Wincham,
20  Northwich, Cheshire, England.
Aquaflow™ NHS 300 (23wt% non-vol; density of non-vol is 1.00g/cm”) is available
from Hercules GmbH, Dusseldorf, Germany.
China Clay Supreme (density is 2.60g/cm’) is available from Imerys.
Latex 1 is a styrene/butyl acrylate/methacrylic acid copolymer of Tg 10°C and Acid
25  value 23.5mg KOH/g polymer and 50wt% solids content.
Latex 2 is a styrene/butyl acrylate/acrylic acid copolymer of Tg 50°C and Acid Value
37.4mg KOH/g polymer and 50wt% solids content.
Latex 3 is a styrene/butyl acrylate/acrylic acid copolymer of Tg 30°C and Acid Value
23.5mg KOH/g polymer and 50wt% solids content.
30
Test Procedures

The following test methods were used in evaluating the examples:

Molecular Weight of Dispersant

16



PVC (%9 87.07 86.37 vol%solids 42.36 33.77 Sum non-opacifying
particles (% of dry vol) 72.16 70.31 vol%solids 42.36 33.77 Exanples
4a and 4bwo 2Bf1fet080f di spersant choi ce. Using a hydroplrchirradiiipseedi fi ed

di spersané ﬁOrot 5731A), or a h dr&gohi | i c di spersant 'gilDi spex N40) nekes no
di f f er enceYPY S WeH SHP FSHST & WeesEe MtsR et Eiedbat i ng) vol % (dry
coating) e éqfi itheM@hd eO@ditidiBus¥®lv¥d dry coating) Aquaflow NHS 300 1.50

1.02 1.50 1.01 Acticide CHR 0107 0.24 0.07 0.24 0.07 Disponil A1580 0.50
1. 61 0. 50C¢lugms: 2 x 30cm TSK GMPWXL GPC columns from Tosoh

Eluent: 0.3M Sodium Nitrate, 0.01M Sodium Phosphate with pH adjusted to 7.5 using

5 0.IM NaOH

Flow rate: 1.0 ml/min

Detector; Waters 410 differential refractive index detector.

Software; Waters Millennium 32 v3.05.01

The instrument was calibrated with Dextran standards covering the range 342 -

10 401000 g/mol.
Samples were prepared by diluting 0.1 g in 10 mls of eluent and filtering through a

0.45 micron PVDF membrane.

Injection Volume was 100pul

15 Opacity (Contrast Ratio)

Opacity was measured in accordance with BS 3900-D4.
At least 90% is considered acceptable.
The measured opacity is not linear in its relationship to how the eye perceives opacity.
Thus, small differences in measured opacity are seen by the eye as much larger
20  differences.
Gloss
Gloss was measured in accordance with BS EN ISO 2813, BS 3900-D5.

Wet Scrub Resistance

25  Scrub resistance of the dried film was measured in accordance with BS EN ISO
11998 using 200 cycles with the modification that the loss was recorded as mg/cm’.

A loss of less than 6mg/cm” removal is acceptable.

High Shear Viscosity

30  The high shear viscosity is measured at 25°C using an ICI Cone and Plate viscometer
(available from Research Equipment London Ltd, London, TW2 5NX) operating at
10,000s™.

Rotothinner viscosity (Paint)

17



Di spelair CF823 0.25 0.65 0.25 0.65 Ootan 731 A 1.00 0.66 0 O Dispex N4O O
0 0.25 0.29 Natrosol Plus 331 0.50 2.82 0.50 2.81 Texanol 2.00 0 2.00 O
Water (MawOP113B4908 O 34.50 O Ti oxi de TR92 7.50 7. 87 7. POT/EPS1 1866192 P3
12.55 19. ,(Ege 12 61 19.68 Steabri 9 JCZ 78 8 44 79.Chi na Clay Suprene
5 50 8.95 %1§ 191 SR EPOSLY SHB ure 5°Cusing aRotothlnner viscometer

(available from Sheen Instruments Ltd, Kingston-upon-Thames, Surrey, UK) fitted
with a standard disc rotor rotating at about 562rpm which is equivalent to a shear rate

of ca250 s,

Particle Size of Extenders

The particle size of the extenders was measured using a Mastersizer in accordance

with ISO 13323 part 1 and 2.

10 Examples
The invention will now be illustrated by the following examples.
Numbered examples are of the invention and comparative examples are referenced
with letters. In all cases the wt% formulation refers to the liquid paint and the vol% to
the dried coating.

15

The following method was used to make the paints in each case.

Millbase stage

Using a 5 litre metal dispersion vessel, load the Water (1), Texanol, Orotan or Dispex,
20  Disponil, Acticide and half the amount of Dispelair. Place vessel under High Speed
Disperser fitted with a saw tooth blade. Stir at slow speed so that no splashing is
observed. Add Microdol H200 and H600, Socal P3, China Clay Supreme, Steabright
and Tioxide TR92, run for 2 minutes at slow speed then add Blanose or Natrosol
thickener. Over Sminutes slowly increase the speed as the paint thickens. Unit should
25  be running at approximately 2500 r.p.m. (depending on volume), but without
splashing. Stir for a further 30minutes. Stop unit half way through to ensure no
pigment has stuck to sides/base of vessel by hand stirring. Turn unit back on to high
speed, after 30 minutes reduce to slow speed. Check the state of dispersion of the
millbase for bits by brushing out on a card. If acceptable amount of bits, add Water
30  (2) and run for a further 2minutes and then switch off the stirrer.
The total amount of water showed in the example formulation was in the ratio of:

water (1) : water (2) : water (3) =45.5:30.3 :24.2

Paint stage

18



16.79 25.37 16.88 25.41 WD 2011/ 134908PCT/ EP2011/ 056492 Ropaque (Tm U tra
E 4.00 8.56 4.00 8.53 Tg 10 Latex (Latex 1???) 0 0 O O Tg 30 Latex (Latex
37?7?) 5. M0O200%138080 10. 34 Total 100.00 100.00 100. 00 1@0TO®P2011/05649¢t

Sorubs e guf Laste D b oMty side vosscl gnd plact il i tikhr fittedQith & padaie (%9
blade.
Load Ropaque, the rest of the Dispelair, the Millbase prepared above, Water (3) and
Aquaflow. Adjust the stirrer speed as the volume in the vessel increases, being careful

5  toavoid splashing.

Stir for a further 15 minutes at low speed (approx 500 r.p.m).

10
Examples 1 and A
Examples 1 and A are essentially identical other than the Tg of the polymer binder
particles differ.
Example 1 of the invention formulated using a latex comprising Tg 50°C polymer
15  particles passes the wet scrubs test whereas Comparative example A using polymer

binder particles of Tg 10°C, fails the wet scrubs test.
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Sum non-opaci fying particles (% of dry vol)

5 Natrosol Plus is a hydrophobically nodified thickener and Bl anose 7M/31

is a car bweyponesiwgl cel | o | ose. Either
Exanpl e 5 Conparative Exanple D wt % (wet coating) vol % (dry coating) wt (%
of wet coating) vol % (dry coating) Aquaflow NHS 300 0.50 0.34 0.50 0.33

Acti ci de
Di spel ai
0.23 0.2

10

15

may be used in tIRETIRPIENDEEN

66.75 66.85 Exanple 5 and D

BHRpB107 0.24 0.07 0.24 0.071D sponi | Al580npatafivd Exaingle B0 1. 59
r CF823 0.25 0.66 (. 25+t0 @bt O pt an%3dryA D Bt ©@o & vidk Spevol*biddy 0] 20
0 0.23 Bl anose 7M 31C coating) coating) coating) coating)

Aquaflow NHS 300 0.50 0.34 0.50 0.34

Acticide CHR 0107 0.24 0.07 0.24 0.07

Disponil A1580 0.50 1.62 0.50 1.62

Dispelair CF823 0.25 0.66 0.25 0.66

Dispex N40 0.20 0.23 0.50 1.33

Blanose 7M 31C 0.50 1.33 0.20 0.23

Texanol 2.00 0 2.00 0

Water 35.31 0 35.31 0

Tioxide TR92 6.50 6.84 6.50 6.84

Socal P3 12.50 19.64 12.50 19.64

Steabright 8.50 12.97 8.50 12.97

China Clay Supreme 5.50 8.97 5.50 8.97

Microdol H600 8.50 13.11 8.50 13.11

Microdol H200 8.50 12.88 8.50 12.88

Ropaque (Tm) Ultra E 4.00 8.58 4.00 8.58

Latex 1 (Tg 10°C) 0 0 6.50 12.76

Latex 2 (Tg 50°C) 6.50 12.76 0 0

Total 100.00 100.00 100.00 100.00

Wet sScrubs weight loss

(mg/cm?) 5 9

Density (kg/L) 1.49 1.49

PVC (%) 82.99 82.99

vol% solids 35.12 35.12

Sum non-opacifying particles

(% of dry vol) 67.56 67.56

The Tg of the polymer binder (Latex 2 of Tg 50°C) in the presence of the coalescing

solvent is calculated using equation 1 as previously discussed

1/Tg=Vy/Tg,+aVy/Tgs

The Tg of Texanol is -84°C

equation 1

The volume fractions are calculated based on the polymer and the solvent alone.

So for example 1 the total weight% of polymer is 3.25 (being 50% of 6.5) and the

solvent is 2.00. The specific gravity of the polymer and the solvent is 1.08 and 0.95

respectively and the volume fraction is therefore 0.151 and 0.849 respectively. So the

Tg of the polymer in the presence of the Texanol is -23.0°C.

Examples 2 and B

20



0.50 1.33 0 O Natrosol

Plus 331 0 0 0.50 2.79 Texanol
(Mains) 35.31 0 35.31 0 Tioxide TR92 6.50 6.84 6.50 6.74 Socal

2.00 0 2.00 0 Vater

P3 12. 50

19. 64 12.wW0 200/3%008t eabri ght 8. 50 12 97 8.50 12.78 Chi naCTERR010ps4eEe 5. 50
8.97 5. 50

10

Q0 .8..50

50 12.92 M cr odol

8.50 12.69 %gga%ﬂfi?ge%?ﬁy Jgnntlfaal ogleatl@@ g the PUC

Comparative example B, at a PVC of 90.31% fails the wet scrubs test.

H200 8.50 12.88

Example 2 Comparative Example B
wt% (wet vol% (dry wt (% of wet vol% (dry
coating) coating) coating) coating)
Aquaflow NHS 300 1.50 1.01 1.50 1.11
Acticide CHR 0107 0.24 0.07 0.24 0.08
Disponil A1580 0.50 1.60 0.50 1.76
Dispelair CF823 0.23 0.60 0.23 0.66
Orotan731 A 1.00 0.65 1.00 0.72
Blanose 7M 31C 0.50 1.32 0.50 1.45
Texanol 2.00 0 2.00 0
Water 33.53 0 38.19 0
Tioxide TR92 6.50 6.77 6.50 7.44
Socal P3 12.50 19.43 12.5 21.37
Steabright 8.50 12.83 8.50 14.11
China Clay Supreme 5.50 8.88 5.50 9.76
Microdol H600 8.50 12.97 8.50 14.26
Microdol H200 8.50 12.74 8.50 14.01
Ropaque (Tm) Ultra E 4.00 8.49 4.00 9.34
Latex 2 (Tg 50°C) 6.50 12.63 1.84 3.93
Total 100.00 100.00 100.00 100.00
Wet scrubs weight loss
(mg/cm?) 2.4 15.0
Density (kg/L) 1.49 1.49
PVC (%) 82.12 90.30
vol% solids 35.55 32.27
Sum non-opacifying particles
(% of dry vol) 66.86 73.51

Examples 3 and C

Example 3 and Comparative example C are identical except that the Tg of the latex in

the former is 30°C whereas for the latter it is 10°C. Both coatings are at higher PVC

than 1 and A.
Example 3 Comparative Example C
wt% (wet vol% (dry wt (% of wet vol% (dry
coating) coating) coating) coating)
Aquaflow NHS 300 1.50 0.92 1.50 1.06
Acticide CHR 0107 0.24 0.07 0.24 0.08
Disponil A1580 0.50 1.46 0.50 1.68
Dispelair CF823 0.25 0.59 0.23 0.63
Orotan731 A 0 0.00 1.00 0.69
Dispex N40 0.25 0.26 0 0
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8.58 4.00 8.46 Tg 50 Latex (Latex 2) 6.50 12.76 6.50 12.58 Tot al
100. 00 100.00 100.00

Wet scrubs wei ght

| oss (ng/cnk)

100. 00

5.0 3.2 Density

rati ve

(kg/L) 1wWo201113488PVC (%9 82.99 81.77 vol % solids 3PCTEP2B3/08@95uUmM
0
o AL AR )03 0L Sy i) B0 SRS |
non-f ugi tiNVAECCEEescing—sol-vent 0% cher 0) cBnbe seen’in that 58onp
exanpl e E ¥exipls t he wet scrub tedf) Ex nple % Conparati®e Exanpl8 E
Water (Malns) 27.29 0 36.06 0
Tioxide TR92 7.50 7.14 6.50 7.12
Socal P3 14.95 21.25 12.5 20.44
Steabright 10.00 13.81 8.5 13.50
China Clay Supreme 6.56 9.68 5.5 9.34
Microdol H600 0 0 8.5 13.64
Microdol H200 20.01 27.42 8.5 13.40
Ropaque (Tm) Ultra E 4.00 7.77 4.00 8.93
Tg 10 Latex (Latex 1) 0 0 3.97 8.11
Tg 30 Latex (Latex 3) 4.70 8.35 0 0
Total 100.00 100.00 100.00 100.00
Wet scrubs weight loss
(mg/cm?) 5.2 16.5
Density (kg/L) 1.63 1.49
PVC (%) 87.07 86.37
vol% solids 42.36 33.77
Sum non-opacifying particles
(% of dry vol) 72.16 70.31
vol% solids 42.36 33.77
Examples 4a and 4b
Effect of dispersant choice. Using a hydrophobically modified dispersant (Orotan
5 731A) or a hydrophilic dispersant (Dispex N40) makes no difference to the wet
scrubs.
Example 4a 4b
wt% (wet vol% (dry wt (% of wet vol% (dry
coating) coating) coating) coating)
Aquaflow NHS 300 1.50 1.02 1.50 1.01
Acticide CHR 0107 0.24 0.07 0.24 0.07
Disponil A1580 0.50 1.61 0.50 1.61
Dispelair CF823 0.25 0.65 0.25 0.65
Orotan 731 A 1.00 0.66 0 0
Dispex N40 0 0 0.25 0.29
Natrosol Plus 331 0.50 2.82 0.50 2.81
Texanol 2.00 0 2.00 0
Water (Mains) 34.18 0 34.50 0
Tioxide TR92 7.50 7.87 7.50 7.84
Socal P3 12.55 19.65 12.61 19.68
Steabright 8.40 12.78 8.44 12.79
China Clay Supreme 5.50 8.95 5.53 8.96
Microdol H200 16.79 25.37 16.88 25.41
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wt % (wet coating) vol % (dry coating) w (% of wet coating) vol % (dry
coating) Aquaflow NHS 300 1.50 1.01 1.50 0.93 Acticide CHR 0107 0.24 0.07
0. 24 0. OAWDi28pBI3d08 A1580 O. 50 1.60 0.50 1.47 Dispelair CE32P201236492 60 0. 23

0.55 O ot 0 0.65 ] 60 Blanose. 7M 31C 0. 50 1.32 0,50 1..22
Texanol 2 a"r"}eé“&U%ﬂ EherRC0 09‘30 00789kt er{33. 55870 £

Tg 10 Latex (Latex 1‘7‘7‘7) ' 0 "0 0

Tg 30 Latex (Latex 32?7?) 5.10 9.99 5.30 10.34

Total 100.00 100.00 100.00 100.00

Wet scrubs weight loss

(mg/cm?) 3.1 3.4

Density (kg/L) 1.50 1.50

PVC (%) 83.18 83.22

vol% solids 35.40 35.57

Sum non-opacifying particles

(% of dry vol) 66.75 66.85
Example S and D

5  Natrosol Plus is a hydrophobically modified thickener and Blanose 7M731 is a

carboxy metheylcellolose. Either may be used in the invention.

Example 5 Comparative Example D
wt% (wet vol% (dry wt (% of wet vol% (dry
coating) coating) coating) coating)
Aquaflow NHS 300 0.50 0.34 0.50 0.33
Acticide CHR 0107 0.24 0.07 0.24 0.07
Disponil A1580 0.50 1.62 0.50 1.59
Dispelair CF823 0.25 0.66 0.25 0.65
Orotan731 A 0 0 0 0
Dispex N40 0.20 0.23 0.20 0.23
Blanose 7M 31C 0.50 1.33 0 0
Natrosol Plus 331 0 0 0.50 2.79
Texanol 2.00 0 2.00 0
Water (Mains) 35.31 0 35.31 0
Tioxide TR92 6.50 6.84 6.50 6.74
Socal P3 12.50 19.64 12.50 19.35
Steabright 8.50 12.97 8.50 12.78
China Clay Supreme 5.50 8.97 5.50 8.84
Microdol H600 8.50 13.11 8.50 12.92
Microdol H200 8.50 12.88 8.50 12.69
Ropaque (Tm) Ultra E 4.00 8.58 4.00 8.46
Tg 50 Latex (Latex 2) 6.50 12.76 6.50 12.58
Total 100.00 100.00 100.00 100.00
Wet scrubs weight loss
(mg/cm’) 5.0 3.2
Density (kg/L) 1.49 1.48
PVC (%) 82.99 81.77
vol% solids 35.12 35.46
Sum non-opacifying particles
(% of dry vol) 67.56 66.57
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33.53 0 Tioxide TR92 6.50 6.77 6.50 6.24 Socal P3 12.50 19.43 12.50 17.90
St eabright 8.50 12.83 8.50 11.82 China Cay Suprene 5.50 8.88 5.50 8.18
M cr odol weQ0118L35®812. 97 8.50 11.95 M crodol H200 8.50 PRTEL2@1586492. 74
Ropaque (Tm) Utra E 4.00 8.49 4.00 7.82 Tg 50 latex (Latex 2) 6.50 12.63
6.50 11.63 Total 100.00 100.00 100.00 100.00

Examples 6 and E
The effect of non-fugitive coalescing solvent (Archer RC)can be seen in that

5  Comparative example E fails the wet scrub test.

Example 6 Comparative Example E
wt% (wet vol% (dry wt (% of wet vol% (dry
coating) coating) coating) coating)
Aquaflow NHS 300 1.50 1.01 1.50 0.93
Acticide CHR 0107 0.24 0.07 0.24 0.07
Disponil A1580 0.50 1.60 0.50 1.47
Dispelair CF823 0.23 0.60 0.23 0.55
Orotan731 A 1.00 0.65 1.00 0.60
Blanose 7M 31C 0.50 1.32 0.50 1.22
Texanol 2.00 0 0 0
Archer RC 0 0 2.00 7.89
Water 33.53 0 33.53 0
Tioxide TR92 6.50 6.77 6.50 6.24
Socal P3 12.50 19.43 12.50 17.90
Steabright 8.50 12.83 8.50 11.82
China Clay Supreme 5.50 8.88 5.50 8.18
Microdol H600 8.50 12.97 8.50 11.95
Microdol H200 8.50 12.74 8.50 11.74
Ropaque (Tm) Ultra E 4.00 8.49 4.00 7.82
Tg 50 latex (Latex 2) 6.50 12.63 6.50 11.63
Total 100.00 100.00 100.00 100.00
Wet scrubs weight loss
(mg/cm®) 2.4 15.0
Density (kg/L) 1.49 1.49
PVC (%) 82.12 75.64
vol% solids 35.55 38.63
Sum non-opacifying particles
(% of dry vol) 66.86 61.58

10
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Wet scrubs weight loss (ng/cn2) 2.4 15.0 Density (kg/L) 1.49 1.49 PVC
(%9 82.12 75.64 vol%solids 35.55 38.63 Sum non-opacifying particles (%
of dry vowp2068638H8 61.58 Clains 1. An aqueous coati ngPCOmMPeGils@n2 havi ng
a PVC of om 78 to 88% conprising, based on the total volune solids of the
dry coati hg"8hl ess otherwi se stated, 5a) opacifying pignent particles
conprising i) from3 to 10%titaniumdioxide ii) fromO to 20% of hol | ow
pol ynmeric particles b) non-opacifying extender particles conprising 10 i)
cal ci um mhghesquenncenabog sempenidsohaving a BN Codfurane 28 boBdb somntisiog, iii)
nephel i ne,_syeni t.e and/or 1v) . .kaglin wherein i)+ii)+iii)+iv) = 40 to 80% and
s 0 bBtE R PR me b i R B B AR rox T of from
25 t 0 570Gy upubifiging Pigatndpaéities cothpiligiggn 15 to 65mg KOH g of pol ymer and
wherein the polynmer particles are derived fromacrylic nononers and

opt i onal | Y fiog 8 et 0%dligiymidiyids yrene and/or its derivatives d) dispersant
havi ng a ' 6 g%% - We| of at |east 3500 Daltons e)
fugitive %ﬁ% egg?ﬁg‘g%ﬁ5g§t q%?é?%ﬁ?ﬁgk%onposition is free of non-fugitive
coal escing solvent. 2. A coating conposition according to claim 1l wherein
any diffeéence bet ween thg actual PVC and the sumof a) and b) is nmade up
with ot heP) MBRMFEENE FriSHIE-PAE LIRS COPRIEING es. 3. A coating conposition
accor gj g .Qchndi &mﬁﬁn%&%Eﬁh@aMb@Fein the opacifying pignents are white.
WO 2011/1%4908PCT/ P2011/ 056492 4. A coating conposition according to

cl ai m 3 wheradéinmtdasbonkictaedopaci f yi ng pi gnents are selected fromtitani um

di oxi de ang hal | .ow polynerjc particles. 5. A coating conposition
accor di ng"'tY §°RHHY"0 e‘¥aPﬁérprevious clains wherein the 5 polyneric hol | ow
spheres cpiyRidlage | ess than 10% by vol. 6. A coating conposition according
to any one of the previous clains wherein the extender particles are
selected fromthe group consisting of calcium magnesi um carbonate, cal ci um
car bonat eWhetephigtipnai)sive mi40do £A xwov) 1.0 te@0% . A coating conposition
accorﬂ§ng to claim6 wherein from20 to 50% of the total volunme solids of
the dry coating conprises extender particles of d50 <2 m crons. 8. A
coati ng comdahén ndeapeictts 0gciloulaey FoRT gaif fidhe2 P eV QUmvilgain®idlS5 wher ei n
t he pol yner binpder is derived fromstyrene, butyl acrylate and nethacrylic

acid. 9. VARG D ApBSiPIdE daeortrigd vdicey thsmeBreriREIgesélt ous cl ai s
wherein t fig;Rb B « GOMPhbRSRers AT bPtid G FrPuRd: cbABridthl $9-&R3hHAY its

derivatives
20

d) dispersant having a weight average molecular weight of at least 3500 Daltons

¢) fugitive coalescing solvent
wherein the composition is free of non-fugitive coalescing solvent.

25

2. A coating composition according to claim 1 wherein any difference between the
actual PVC and the sum of a) and b) is made up with other non-opacifying extender
particles.

30
3. A coating composition according to claim 1 or claim 2 wherein the opacifying

pigments are white.

25



20 10. A coating conposition according to any one of the preceding clains
wherein the acid value of the polynmer binder is from15 to 60ng KOH g of
pol ymer. woO 20i/1349080at i ng conposition according to any ®QE/EPROIINES4p2 ecedi ng

clains wherein the 25aci.d co nent conpri se cryl.ic aci.d and/ or
et haor yl §ch SRHEEEATIPOMUNE AL RS FUCAR SioTers ME A HAPAS TG DIETR S0t | ng

conposi ti g sae&ed floRttithRuATYio e afd hd IRy PSISRREL pertielcdl M8 containing up to
Awt % of fugitive coal escing sol vent based on the liquid formulation. 30

13. A coating conposition according to any one of the preceding clains
wherei n the, coal escing .sol vent ..reduces the cal cul ated. Fox, Tg. of the pol yner
bi nder t o> 17 SHUMEGOPEOs BERAC BRI I o8 S ERSB TR et essn e A coat i ng
conposs t i psly@eaehdlicig speranynphise ks thag 1pvasediing cl ai ns and further
cont ai ni ng col our pignents. 15. A coating conposition according to any

one of the previous clainms and having a 5col our when dry satisfying the

Cteri ; A ‘ ‘ ; q
Geri 1 cal s S RenErpbn o O0pe R e R WA GO P S A 0 0
39. 063 10cfleiaB pdi#ic(és AreQ]cOted Jib rd the 3oL p3EdnLisBRDo Bal Gad ddPnbsidii8 37. 444 50

0.579 38.000 60 0.655 39.500 70 0.732 41.000 80.0.793 45.286 90 0. 854
49 571 10€ATbonsEs caleiugearhongte, nephelene syenife and kaolin.

10
7. A coating composition according to claim 6 wherein from 20 to 50% of the total

volume solids of the dry coating comprises extender particles of d50 <2 microns.

8. A coating composition according to any one of the previous claims
15 wherein the polymer binder is derived from styrene, butyl acrylate and methacrylic

acid.

9. A coating composition according to any one of the previous claims wherein the
binder comprises from 5 to 20% of the dried coating.

20
10. A coating composition according to any one of the preceding claims wherein the

acid value of the polymer binder is from 15 to 60mg KOH/g of polymer.

11. A coating composition according to any one of the preceding claims wherein the
25  acid component comprises acrylic acid and/or methacrylic acid and/or maleic acid

and/or its anhydride.

12. A coating composition according to any one of the preceding claims containing up
to 4wt% of fugitive coalescing solvent based on the liquid formulation.

30
13. A coating composition according to any one of the preceding claims wherein the
coalescing solvent reduces the calculated Fox Tg of the polymer binder to from -10 to

-80°C.

26



0. 740 43.955 120 0.663 41.727 130 0.580 39.909 140 0.498 38.565 150 0. 416
37.696 160 0.346 37.381 170 0.318 39.586 180 0.283 40.850 190 0.190 39. 350
200 0. 101wW6&000B49s0 0. 060 38. 000 220 0. 021 38. 333 230 POTOHPZ01405640D 240
-0. 041 40143% 250 -0.083 .38.600,.260 -0.125 _.36. 886 ,270 -.0. 163

."A coating composition according to any one of the preceding claims and further

containing colour pigments.

15. A coating composition according to any one of the previous claims and having a

5  colour when dry satisfying the criteria of

C* < Ccritical and

Y >mC* + 35

10 when calculated using m and Ceiitical according to the table below

Hue angle m Ceritical
h*
0 0.098 39.063
10 0.063 42.739
20 0.231 40.130
30 0.399 37.522
40 0.498 37.444
50 0.579 38.000
60 0.655 39.500
70 0.732 41.000
80 0.793 45.286
90 0.854 49.571
100 0.803 47.136
110 0.740 43.955
120 0.663 41.727
130 0.580 39.909
140 0.498 38.565
150 0.416 37.696
160 0.346 37.381
170 0.318 39.586
180 0.283 40.850
190 0.190 39.350
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35.171 280 -0.152 34.640 290 -0.131 34.240 300 -0.079 34.000 310 0.016
34.000 320 0.112 34.000 330 0.207 34.000 340 0.235 34.471 350 0.161 35. 647
360 0. 098wWB20061349086. A coating conposition accordi ng t @CtiERRenh864bavi ng a

composi t1on aceor di ng ﬁgazﬁylﬁg"@i T he BROBLdi g claims and having a Sheen
of less than 15% when yrgasuried gphe®>- | 18g gpometihod of coating an article
or structure having a surface wth a gonposition as 10 defined in any one
of the preceding gl ai ®20i ncljudi @92t he |st 88336f applying at |east one liquid
tho l ayer to dry ana/ oX0har den 0007 o JAAUArt]cl & or structure having a
surface coated wi tfh a ggnposi Ui gisqs defigagsi n|15any one of clains 1 to
e 250 20.083 38.600

260 -0.125 36.886

270 -0.167 35.171

280 -0.152 34.640

290 -0.131 34.240

300 -0.079 34.000

310 0.016 34.000

320 0.112 34.000

330 0.207 34.000

340 0.235 34.471

350 0.161 35.647

360 0.098 39.063

16. A coating composition according to claim 10 having a C* value of less than 5 and

a Y value greater that 85.

17. A coating composition according to any one of the preceding claims and having a

sheen of less than 15% when measured at 85°.

18. A method of coating an article or structure having a surface with a composition as
10 defined in any one of the preceding claims including the steps of applying at least one
liquid layer of the coating by brush, roller, pad or spray; allowing or causing the layer

to dry and/or harden.

19. An article or structure having a surface coated with a composition as defined in

15 any one of claims 1 to 12.
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